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Traceability for contact probe and stylus instrument measurements
Overview
The overall aim of this project is to develop traceable and cost-effective measurement capabilities for the
calibration of form and surface roughness standards. Surface finish and form of products are important
features to be examined for engineering and scientific purposes. Such characteristics of surfaces include
wear resistance, bearing, sliding and lubricating properties, fatigue and corrosion resistance, functionality
etc. Form and surface measurement devices with contact probes and stylus are used to characterise such
surfaces. This project will improve the scientific knowledge, instruments, methods and research capability in
metrology for contact measurement probes and stylus instruments and enable calibration labs to develop
new capabilities for self-provision of traceability to the SI unit of length, the metre.
Need
Surface texture is of great importance in specifying the function of a surface. A significant proportion of
component failure starts at the surface due to either an isolated manufacturing discontinuity or gradual
deterioration of the surface quality influencing the proper functioning of the products. Therefore, in the
manufacturing industry, surface properties are checked to be within certain limits of roughness and form. The
surfaces outside of these limits will result in failures in the performance of the products influencing the
productivity of European manufacturing industry. An accurate measurement of surface roughness and form
is vital to quality control the machining of a workpiece.
Form errors of machined parts are measured in a production line mostly by using coordinate measuring
machines (CMMs) which are the key devices for factory of the future (industry 4.0). Reindustrialisation with
the demand of higher precision has led to a new generation of CMMs working in scanning mode (which can
measure dimension and form simultaneously). When the contact measurement probes are used in scanning
mode with CMMs, the dynamic performance of the probes must be evaluated.
Use of probes for form measurements in scanning mode with a fast scanning speed might be problematic
due to required high data acquisition rates, therefore the dynamic performances of the probe including the
electronics of the instrument should be well calibrated. For the surface roughness devices, there is a need
for new traceable standards due to a recent increase in the required measurement ranges (e.g. 1000 μm).
Although there are documentation and methods for calibration of contact stylus instruments (ISO 12179; ISO
25178-701:2010 and DKD-R 4-2), there is no documentation for alternative routes or detailed investigations
for calibration of reference stylus instruments used for calibration of reference standards of secondary level
labs.
This project will investigate portable traceable displacement generators and their use to establish new direct
routes to SI unit metre definition, considering the emerging demands of industry in terms of dynamic
properties, precision and larger measurement ranges in regard to contact probes used in form and surface
roughness measurements. Knowledge transfer from experienced NMIs to those less experienced is
necessary to ensure the development of new cost-effective capabilities that will enable emerging NMIs to
achieve direct traceability to the SI unit, the metre.
Objectives
The overall goal of this project is to develop traceable and cost-effective measurement capabilities for the
calibration of form and surface roughness standards with uncertainties in the range 10 nm–100 nm. The
specific objectives of the project are:
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1. To calibrate reference stylus instruments for surface roughness measurements using novel
portable displacement generators with uncertainties in the range 10 nm–100 nm and to evaluate
the efficacy of displacement generators vs existing methods (e.g. depth setting standards) for
calibration of stylus devices. Further, to develop novel software for the calibration of stylus
devices using sphere standards.
2. To calibrate reference probes for form measurements in static and dynamic mode using novel
portable displacement generators with uncertainties in the range 10 nm–100 nm and to evaluate
the current state of the art for calibration of flick standards.
3. To investigate the traceable calibration of transducers to be used as portable displacement
generators under static (+/-1000 μm) and dynamic (+/-100 μm) measurement conditions,
including investigations into the set-up of the generators to be used as ‘portable’. Further, to
prepare two best practice guides on their use in the calibration of stylus instruments and form
measurement probes.
4. To develop noise reduction software, including the use of numerical methods for random noise
bias reduction, that can be used to pre-process roughness and form profiles data to reduce the
overall uncertainties down to a level of 10 nm in roughness and roundness measurements.
5. For each project partner, to develop an individual strategy for the long-term operation of the
capacity developed, including regulatory support, research collaborations, quality schemes and
accreditation. In addition, for partners to develop a strategy for offering calibration services from
the established facilities to their own country and neighbouring countries. The individual
strategies to be discussed within the consortium and with other EURAMET NMIs/DIs, to ensure
that a coordinated and optimised approach to the development of traceability in this field is
developed for Europe as a whole.
Progress beyond the state of the art
Artefacts having only specific nominal values (e.g. depth setting standards) are used for calibration of
surface roughness devices. Only few advanced NMIs have facilities for the required precision level e.g.10100 nm uncertainty up to 1 mm range. Other NMIs calibrate their reference devices using artefacts calibrated
by advanced NMIs. The project will provide new routes and novel methods for achieving direct traceability to
the SI unit, the metre instead of the depth setting standards. NMIs will be able to calibrate their reference
devices utilising displacement generators to achieve traceability with an uncertainty better than 10 nm.
Continuous sampling will provide better knowledge for error mapping of the reference stylus instruments as
well as reaching the larger calibration ranges e.g. +/-1000 μm. In the case where sphere standards are
required to be used, this project will develop openly accessible software to enable the calibration of any
manufacturer’s device without the need for proprietary software.
Form measuring probes are calibrated in static mode mostly using gauge blocks and then in dynamic mode
using flick standards. Precise primary calibration of flick standards is performed by only a few NMIs. Besides,
there is currently no documentation for primary calibration of flick standards. The project will enable
calibration of contact measuring probes in static and dynamic mode using accessible and portable
equipment having direct traceability to the metre with an uncertainty better than 10 nm. The performance of
the contact measuring probes that will be used for primary calibration of reference artefacts will be evaluated
in detail. The results will be used to prepare best practice guides and will contribute to the establishment of
new standards for primary calibration of flick standards.
Displacement transducers are able to measure/generate very small displacement steps. They can be
calibrated by laser displacement interferometers to provide direct traceability to the metre. However, this
calibration is complex and difficult. The aim is to use a displacement transducer as a stand-alone device
after its calibration by laser interferometers. The project will go beyond the state of the art by detailed
investigation on how to use the displacement transducers as portable displacement generators and by
preparing best practice guides on this topic.
During surface roughness and form measurement of precise parts, noise influences the accuracy of the
measurement and may offset the results. Currently, form and surface roughness devices are located on
heavy mass tables or static and active vibration isolation tables for noise reduction. Producers of such
devices develop their own software and apply their own statistical tools, however these are only used for
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their own specific devices. Within the project, noise reduction software including the use of numerical
methods for random noise bias reduction will be developed to be used to pre-process roughness and form
profile data. Overall uncertainties are expected to be reduced down to levels of 10 nm in roughness and
roundness measurements. The software will be designed to be used in any commercial form and surface
measurement device.
Results
Calibration of reference stylus instruments using novel portable displacement generators vs existing
methods
Up to now, a report on the state of the art for calibration of contact stylus instruments has been prepared. An
algorithm and a draft software (VBasic) for calibration of stylus devices using sphere standards have been
developed. This software will allow calibration of not only the devices of certain manufacturers, but of all
roughness measurement devices using spheres.
Development of set-ups for calibration of stylus instruments using displacement generators is in progress.
Investigation of possible precise actuators that might be used as displacement generators was completed.
Integration of these actuators will be carried out. Experimental and theoretical investigations for the
alignment problems, between measurement axis of displacement generator and measurement axis of stylus
instrument, causing uncertainty contributions will be performed. The set-ups will be arranged for maximum
range of the stylus instruments of the consortium (up to +/-500 μm).
Using their set-ups, partners will perform calibration of their own stylus instruments using displacement
generators in discrete and continuous steps. Partners will also evaluate their set-ups for uncertainty budget.
Uncertainty sources such as Abbe error, alignment errors etc. will be investigated during calibration of stylus
instruments to achieve targeted uncertainty of 10-100 nm. Error mapping for the calibrated stylus
instruments will be performed and the correction factors for each device will be determined.
Partners will compare the calibration results taken by displacement generators in static and dynamic
conditions with those taken by depth setting standards, calibrated spheres and gauge blocks.
Calibration of reference probes for form measurements in static and dynamic mode using novel portable
displacement generators vs existing methods
A report on state-of-the-art facilities for contact measurement probes which are used in form measuring
devices was prepared. According to the investigations carried out for precise actuator, suitable ones will be
selected and used in the set-ups. Set-ups for calibration of form measurement probes using displacement
generators will be developed. Special frames with low coefficient of thermal expansion will be arranged for
fitting of displacement generators to the form measuring devices. Investigations will be carried out for the
alignment problems causing uncertainty contributions in the set-ups. The form measuring probes will be
calibrated using displacement generators in static and dynamic conditions. Uncertainty sources such as
Abbe error, alignment errors etc. will be investigated during calibration of form measurement probes to
achieve the targeted uncertainties of 10-100 nm.
In order to define the current state of the art for involved partners, a comparison on the calibration of a flick
standard on a form measuring machine will be carried out. Partners will calibrate the flick standards using
their own methods. The calibration results will be analysed and compared with the comparison reference
value. A comparison report will be drafted. A good practice guide will be written on the calibration of form
measurement probes using displacement generators.
Traceable calibration of transducers to be used as portable displacement generators
A literature review has been conducted to investigate the usage of displacement transducers as
displacement generators for calibration of stylus devices. Also, commercial displacement transducer and
actuator systems have been reviewed. Partners have started to set up their own portable displacement
generators and implement interferometric calibration of those portable displacement generator. A softools
has been developed for the dynamic piloting of displacement actuators as first steps to reach this objective.
Partners will set up their own portable displacement generators and implement interferometric calibration.
The dynamics and unwanted rotations of the displacement generators will be investigated in order to
determine uncertainty components. The measurements will be carried out at different orientations of the
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transducer. The transducers having large ranges such as +/-1 mm will be evaluated to be used for (+/1000 μm) under static and (+/-100 μm) under dynamic measurement conditions.
An interferometric set-up for calibration of portable displacement generators will be implemented when they
are driven by signals. Work will be done on basic signals (e.g. sine and square wave signals) and
complicated signals chosen for simulating the contact with artefacts of various forms (e.g. form of flick and
multiwavelength standards).
Some recommendations will be drafted on the calibration of portable displacement generators that will be
used in both good practice guides for calibration of stylus instruments and form measurement probes using
displacement generators.
Development of noise reduction software
During the first period of the project, a report providing a review of the-state-of-the-art numerical methods for
noise reduction in roundness and roughness metrology has been prepared. A draft software for random
noise reduction in surface roughness and form profiles have been developed. Beside this, a simple reference
soft data provided with random noise has been produced. Since the draft software and simple soft data were
produced early, a longer time period can now be spent on the software improvement.
New more complex reference soft data provided with random noise at various levels will be produced for
roughness and form profiles. The software will be available for partners to test their experimental data taken
from surface roughness and form measurements.
Impact
Up to now, in order to disseminate the purpose and the expected results of the project, a newsletter was
published, a presentation was made at a symposium and some technical committees were approached. The
project has 4 stakeholders from 3 countries. The list will be expanded in order to ensure that the expertise of
the relevant players is taken into account.
IPQ has published a newsletter (Reunião de arranque do projeto EMPIR - ProbeTrace) in ESPAÇOQ no 159
and has posted information about the project on a website (ipq.pt/metrologia/investigação programada/) in
Portugal. A presentation (New Traceability Roots for The Probes of Stylus and Form Measurement
Instruments) was given by TUBITAK in Measurement Science Symposium and Exhibition in Turkey to
disseminate project’s information. Early cooperation has been established with standards development
organisations. INRIM has participated in the committees of ISO TC 213 and UNI CT 047.
Impact on industrial and other user communities
The NMIs will establish new services for calibration of form and surface roughness standards using the
traceability route established with the novel methods developed in the project. Improvements for calibration
of form and surface finish standards through investigations of contact measurement probes and stylus
instruments will enable various industries (such as automotive, aerospace and energy) to obtain traceable
and more reliable measurements of form and surface finish parameters. In addition, newly developed guides
will facilitate the application of the new methods for CMM, form and stylus instrument users and
manufacturers.
Impact on the metrology and scientific communities
Newly developed methods, which will provide alternatives to the conventional ones, will create an impact on
calibration laboratories and will be presented to emerging NMIs, accredited labs, end users and
manufacturers. Knowledge transfer from experienced NMIs to those less experienced on how to use these
new types of standards will be very beneficial. On a broader scope, the project will strengthen the
collaboration of European NMIs and will increase their competitiveness and consistency by producing a draft
calibration guide for the use of portable displacement generators for calibration of stylus instruments and
contact measurement probes.
Impact on relevant standards
After its end, the project will contribute to a further revision of ISO 12179, use of depth setting standards for
calibration of contact stylus instruments. The consortium will promote the results of the project within the
standardisation community and will provide input into the standardisation process e.g. CCL, EURAMET TCL, COOMET TC Length and Angle, IMEKO TC 14 "Geometrical Quantities". For ISO, the standards relevant
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to the project that are in preparation/revision will be identified, and contributions to the work on these
standards will be submitted to the appropriate working groups or committees. A contact will be made with the
EMPIR project 17NRM03 EUCoM (Standards for the evaluation of the uncertainty of coordinate
measurements in industry) to share the project outputs.
Longer-term economic, social and environmental impacts
Measurement of form and surface finish parameters relate to functionality of manufactured parts. Better
achievements for the desired tolerances on automotive parts will provide better engine parts working more
efficiently with improved fuel savings, longer lifetime, reduction in waste and production time, which
altogether will have a positive impact on the environment.
Manufacturers in advanced countries of Europe (such as Germany and France) are establishing
manufacturing plants in other countries of Europe and also in Asia, Middle East and Africa. In order to
sustain similar quality of the manufactured parts, there is a need for development of metrology capabilities in
the respective countries. The project will provide this for surface roughness and form measurements, which
will in turn result in improvements of manufacturing processes. This will increase economic growth in Europe
and its neighbouring region(s) and enhance industry competitiveness and will therefore be instrumental for
creating jobs particularly in the production of parts in a cost-effective way.

Project start date and duration:

01 September 2019, 36 months

Coordinator: Dr. Murat Aksulu, TUBITAK
Tel: +90 535 5876750
Project website address: http://www.probetrace.org
Internal Funded Partners:
1. TUBITAK, Turkey
2. BIM, Bulgaria
3. CEM, Spain
4. DMDM, Serbia
5. FSB, Croatia
6. GUM, Poland
7. INRIM, Italy
8. IPQ, Portugal

External Funded Partners:
9. NIS, Egypt

RMG: -

5/5

E-mail: murat.aksulu@tubitak.gov.tr
Unfunded Partners:
10. SASO-NMCC, Saudi Arabia

