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ABSTRACT: High accuracy workpieces are created nowadaysa bgrge variety of modern manufacturing processes a
techniques such as: CNC turning and milling, braaghgrinding, polishing, honing, electro chemie&thing, etc. The problematic
of the high accuracy of the work pieces in modedustrial production technique gained in the l&strg more and more importance
through constantly increasing demands on the gualithe produced parts. On the other hand impbrtharge of the environment,
reduced availability of natural resources, necgdsitimprove energy efficiency and the increasimgwgh of waste require new
concepts and strategies to recycle technical coesgoods as there are household instruments, canselectronics and passenger
cars - instead of land filling, burning or steebguction a high potential of recycling is necessémywiew of the large quantity and
high personnel costs, an advanced disassemblyitgehis needed working more rational than tradd@lomanual processes and
cheaper than highly sophisticated fully automatéghédst technology machines and devices. This tréedelops presently
continuously further on because of the developnfremh microtechnology to nanotechnology as well s nanotechnology to
picotechnology, which means particularly specialtrolegies and production methods for the realizatif manufacturing

accuracies in the nanometric range. This paper slaatual trends and developments in Industrial dedgry today.
KEY WORDS: Precision Engineering, Industrial Metrology, Nareirology, Sustainability, Multi-Functions IntegedtFactory

1. INTRODUCTORY REMARKS

Measurement technique can be named as an "enaliegce"
meaning that it is a science which makes other Idpweents
first of all possible and it forms the basis fovantions. In
operational and industrial environment productioatnmlogy
delivers essential information for the completiohpooducts
and about working condition and status of procesSas
survive economically also at the today thoroughdyal short-
term changes of the state of the market under watlie
competition, a high quality level of the preparembducts
together with effectiveness and productivity muse
guaranteed, furthermore must be secured the rilatzt
application and employment, for an avoidance ofgnésses
must be carried likewise as for thrifty consumptiof raw
materials care, and final are aspects with regargrotection
and conservation of the environment of essentianimg.

As the tolerances of workpieces and their featdezsease the
interaction and correlation between the dimensitolgrances
and surface finish becomes continuously more inambr{l].
Technical surfaces are created by a large variety
manufacturing processes. Precision manufacturing theen
helped in the last few years with CAD-CAM systempglging
casting or machining (milling, grinding, lappinglishing).

2. PROCESS, PRODUCT QUALITY AND
ACCURACY - TECHNICAL PRODUCT
SPECIFICATION

With the rapidly increasing globalization of the nket
worldwide, in which the outsourcing of productiorsd
production fields that occupation of subcontractasswell as
the establishment of plants of an enterprise inggmuhically
different fields became usual and increase stititiooiously,

the standardization became the necessity in tHd 6& the
Geometrical Product Specification and Verificat{@PS).

Due to this narrow international economical inteirlg also
knowledge and application of worldwide harmonizechnical
norms on the field of the requirements and inspactf the
geometrical and material qualities of parts bec@@demand
which the enterprises must set themselves up ffothis case
the homogeneous application of the fundamentaldsias in
the field of the length and angle, deviations ofnfoand
position as well as the surface roughness can b&dp,a high
level functionality as well as quality and reliatyil of the
products can be achieved in a wide scale both atlolement
and design and at production and control of thedycts
without regarding for the location of the plant.

The future economical evolution stands in narromlbimation
with a sped up increase of the quality in the potida field.
The quality of the products influences the continand the
rhythm of the production, the production costs, pheduction
extent, the job productivity and the efficiencytbése products
with their application or their consumption in dige manner.

O A high product quality adds to satisfy the needs tioé

population increasing constantly, stabilizing ingfonal
cooperation and to enlarge as well as to increhseekport
ability of the products.

In the first place the extraction of high-qualibfarmation is a
task of the measurement technology. High produatityucan

be achieved only there, where the measurement déaynis

integrated into the production event as far asiplesstrongly.

On the other hand, however, continuously new ordsganade
through increasing quality onto the capability ofet
measurement technology. Quality protection and oreasent
technology form an inseparable unit from that ia inocess of
manufacture.



3. INNOVATION IN PRECIS ION
ENGINEERING AND INDU STRIAL
METROLOGY

The trend in instrumentation and metrology was ady
developing in the electronics industry where thévedmwas
towards miniaturization for higher packing densitend faste
switching. As a result, highly controllable andtdéaprocesse
such as lithography were introduced. This meantedraros:
for the very accurate positioning of specimens. In ttiis
resulted in an interest in miniature actuators, arsotanc
accurate slideways for which new technologies haegiired
development. In particular new materials and thin fesearct
were pre-eminent In electronics and manufacture, n
developments on the nanoscale are taking place.
appropriate laboratory research provides the measemt
bedrock upon which modern society stands. Pockitlae
telephones, air bags, multifunctional office prrs, video
game players these products require length measuts
many times smaller than human eyes can see, as as
precision measurements of voltage, frequency, ugic
pressure, radiation, and temperature.

The European and international standeation on quality
management systems references to the fundamenth
general trend to higher expectations on the qualfitgroducts
General experience confirms again and again that dnly
possible through continuous efforts and improvesetd
acheve high productive power as well as high que
production processes and to receive the uprighe. guality of
the prepared products can thus be seen thoroughlya
fundamental element for the productive power ofnecoic
enterprises and in general@f®er other organization:

ACHIEVABLE |
ACCURACY

0, Imm

A high product quality adds to satisfy the needs tloé
population that are increasing constantly, stabijz the
international cooperation and to enlarge as welloasicreast
the export ability of the products. In the firplace the
extraction of highguality information is a task of tt
measurement technology. High product quality caty dre
achieved if metrology is integrated tightly to tpeoduction
process as close as possible. Because of the yquii
assurance andnetrology form an inseparable unit in f
process of manufacture.

To achieve surface finishes and part tolerancesth@
submicrometer and nanometer level it is necessar
incorporate very sophisticated instrumentation ametrology
into the design. Tki development started in the electror
industry but micro miniaturisation is also now alh priority
for mechanical engineering. This fundamental isedasn the
development and application of high precision maatufring
processes (Figure 1).

Generaly dimensional surface measurement technique hg
task to recognize at explored surfaces correspgnditails
and magnifies greatly in most cases especiallygetigularly
to the tested surface to make possible distinctioesveer
individual lateral etails. In nanotechnology and precis
machining however very often smallest or even atiige
structures and molecular assignments are of spatiaest

Increasingly those developments have attained saineut
1980 at meaning to improve the resion of the measurement
instruments to an atomic level. This will be pursue future
still increasingly, further however also to reduneasuremer
time as well as uncertainty and to increase pr@t

Measuring instruments

Mechanical
Comparators

””””” Optical
Comparators

Electronic
Comparators
(Non-contact)

Laser Measuring
instruments

. High Precision Laser
\\ Measuring instruments

Figure 1. Development of dimensional metrology and actble manufacturing accuracy

The production of very precise components goes liramand
with the development of the necessary metrology, amwide
range of measuring instruments has been devisedt&y for
the evaluation of surfaces and structurewrd@o the 0.1 nn
level (Table 1). This powerful array of instrumept®vides ¢
measuring capability in nanometrology.



Table 1. Measurement techniques related to measuring céty

Limit size | Measuring techniqu

>10 um CMM, mechanical and pneumatic comgtors, optica
system

10pum-1um | CMM, fine mechanical comparators, optical and eie:
comparators spin resonal

1 um-100 |CMM, Electromagnetic and electrostatic compare

nm optical interferometer, phase microscopes, dattl
microscope:

100nm- CMM, Laser interferometers, roughness meast

10nm devices, fluorescence microsc

10nm-1nm |Laser confocal microscope-ray microanalyzer, SEN

1nm-0,1nm | SPM (STM, AFM), electron and-ray diffraction systen

When we consider existing optical or stylugthods and als
scanning electron microscopy the typical valuehef tatio of
vertical resolution to lateral resolution is abdyDl. This
depends typically from conventional machining wiilpical
cutting depth to width ratio. In the field of naaohrology at
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the atomic scale there are similar demands for lutsn
because of the need for information of the shapesrodll
structures and the shape of for instance cellseocutés o
atoms (Figure 2).

AFM
STM
SEM
OIM

SCM
SSM

Atomic Force Microscopy
Scanning Tunneling Microscopy
Scanning Electron Microscopy
Optical Interference Microscopy
Scanning Confocal Microscopy
Scanning Stylus Microscopy

Figure 2. Measuring resolution and meaing range for different metho

With scanning tunnelling and atomic force microsoatera
resolutions up to 1 nm and in vertical directionto®,1 nm art
achieved. So these measuring devices achieve a of
resolution of nearly 1 (Figure 3) showian important advanc
over the above mentioned conventional mett
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Figure 3. Development of resolution ratio |

During the last few years nanotechnology has charfigen a
technology only applied in semiconductor industnyd ain
research laboratories to a teclogy that becomes al:
interesting to many applications in traditional rrhes o
mechanical engineering. The dramatic improvement

ultraprecise manufacturing machines and the ingantif new
production techniques like Focused lon Beam Tedmoha
made the production of features and functional elaswith
micro- and nanometer size possible and economii
reasonable. In metrology, the further developmétihe above
mentioned microscope techniques and especially iadf
variants and related teeiques has helped to establ
nanometrology in research institutes and meanwhdestrial
application has been taken into consideration #lthough
both  manufacturing  technology and  measurer
instrumentation fulfill in principal several of mentdemands
in nanotechnology, international measurement staisdan
nanometrology are still missing. These standardsuding the
calibration of instruments, the toleration of foamd functiona
elements in the nanometer scale, new parameters
measurads for nanometrology and guidelines
reproduceable and comparable measurement reseltsitaf
for the acceptance of an industrial nanometrologydustry.

The needs of the industry for ul-high precision engineering
and workpieces with a surfacroughness less than few
nanometers call for measurement instrumentatioh ¢ha be
applied reliably in modern production processegetioer with
international standards defining parameters anerdates ir
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the nanometer scale. The requirements on the neasut
systems and the measurement strategy to determiteble
parameters, time, costing and the guarantee oé@epermined
process stability by means of measurable and atect!
parameters come into focus.

On basis of industry needs, the demands on industri

nanometrology can be subdivided into three majdensific
attributes (Figure 4):

* Reliability: Measurement results have to mirror teal
surface structure and statistic and systematicemay be
reduced to an absolute minimum.

« Comparability: Measurement results must be comparab Thereby important tasks emerge for the measurement

This offers the opportunity to apply well known ®m®s and
well known tools in a modified form to solve a coang's
environmental problems and to increase the effaief®].
Additionally, this will put the environmental quast far
beyond national boarders maybe throughout the world

Additionally, the advantages of an environmentahaggement
system based on a quality management system isnfypthe
application of a widely accepted and approved systa this
way it is possible to find an effective but low taeslution for
an environmental management system especially utiter
point of view of small and medium sized enterpridéy.

when they are measured with different measurementtechnique at the implementation of effective meeswf the
systems of the same kind. Ideally measurement teesul environmental protection. Surely the measuremectirtieian

taken with different systems should be comparaide t

is not summoned from the beginning to take positton

« Reproduceability: Several measurements of the samejuestions of ecology and it is very difficult beiagle to give

sample under the same conditions must result irsainee
results. Changes in measurement conditions mustt ies
comprehensible changes in the measured parameters.
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Figure 4. Demands on Industrial Metrology

4. METROLOGY FOR SUSTAINABLE
DEVELOPMENT

Today the general principles of quality managemarg
introduced in very different organisations in whigartly
measurement technique is to be found in the reaeshardly,
but productive power joined with reliability stantteroughly
in the foreground. Criterion is the establishing asbitrarily
modelled products together
relationship. Completely actual transformations aearirst of
all very abstractly appearing applications as nesdly prove

[3].

The various efficient tools, methods and technicpfesiodern
guality management can be utilised however alsmmection
with environmental management. Quality managemgstems
according to International Standards of the EN IO [4,
S]series are a good basis for
management as well as energy management practice §.

with a supplier-custemer

building environmenta

answers about this on full width. But it would bery
dangerous to do not take in principle these problénto
consideration for there we find the perhaps mogboirant
questions and problems of the time being.

5. METROLOGY FOR AUTOMATION AND
CONTROL AND BIOMEDICAL
APPLICATIONS

The automation of measurement technique is paatigulinder
the point of view of the productive power of esgdnneaning
whereas flexibility must be considered as an ingurt
boundary condition. In an industrial environmentcoimputer
integrated and intelligent manufacturing it is ressy that
measurement technique can be adjusted flexiblyhtmging
task designations. Appropriate solutions can badowith the
help of flexible intelligent measuring cells and eith
components [11].

To meet high-level demands for comfortable daifg in the

future, manufacturing enterprises must be flexiate agile
enough to quickly respond to product demand changed

new models and configurations for future manufaotur
systems and enterprises need to be investigatedilti“M
Functions Integrated Factory - MFIF" [3] is an inative

concept and model for future enterprises. It isdted with the
aim to provide cost-effective, agile and optimumysao

produce customer-driven "Multi-Functional ProductsiFPs"

in the near future, based on intelligent productiechnology
and especially the information highway making pholssithe

application of intelligent metrology at world widBstributed

factories on the basis of advanced engineering elathange
techniques (Figure 5). Fu, S., and Raja, J., gavexample for
an appropriate application for engineering metrplognd

ICAQ [12].
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Figure 5. Integration of Intelligent Quality Control and Melogy into the Model of a Multi-Functions IntegrdtBactory MFIF

Automated measurement technique closes qualityadobps

in production, in that an early recognising possitdasons for
rejections together with an analysis results therawement of
manufacturing processes and preventive correctiars be
introduced. For the draft and the completion of kpieces
experimental values and expert knowledge of geametr
deviations facilitate the discovering of meaningfiitategies
[10, 13] therefore the demanded workpiece accuay be
achieved under an economic point of view.

There exists rapid development in biomedical tegphaiand
this demands the application of modern computerised
measurement technique and measuring devices [18. cBn

be applied to evaluate the shape of non techninadtsres as
there are human joints or limbs (Figure 6) withthagcuracy.
Figure 7 illustrates the graphical analysis of @ jbint implant
after measurement with a digital microscope [17juFe 8
illustrates surface structure evaluation of an pfecision endo
prosthesis for the femoral head of a human hiptjoithe
results of such measurements form the basis for then technical instruments accurate and reproduciid@ements
improvement and optimisation of future work for ileaptation are carried out only when exactly predefined elamare used.
and in endo prosthetics. So the conclusion from analogy is possible thatkinematics
of human beings works on a similar basis of exagulations
which mostly are unknown up to now. Atrtificial liskand
joints would work better if we would have more exac
information about the original human elements.

Figure 6. Graphical evaluation of measurement results opa hi
joint implant.

In this scientific area there have been consideralolvances
during the last fifty years as far as used materiate
concerned. Nevertheless there is still lack of kieoge about
geometrical and kinematical principles of movemeiofs
human joints where the general degree of knowlesdgens to
be remained at a similar basis of more than onelteahyears
ago.



Figure 7. Graphical analysis of a hip joint implant usingitig
microscopy system

It is presupposed that joints of creatures mustdiestructec
according to defined geometric kinematic regulesitelsewis
it would not be pasible that those elements will stay in cort
function during whole lifetime of up to hundred ygaThest
rules and laws are preconceived by men within tiech
motion systems and must be testified stepwisedoh ¢oint

The presented overview abotlietresearch area metrology
the fields of biomedicine and bioengineering den@tes
clearly the great importance of this developmerd @ngoes
directly into the direction of nanotechnology. Tlgsfully in
line with the general ideas of production etrology,
nanometrology and engineering of technical surffigare 8)
[14].

Figure 8. Detail of the surface of a precision endo prosth
for the femoral head of a human hip jointwith ard0 deef
scratch

New breakthroughs by the instrumentations have bese in
recent years, to establish hitdgeh instruments which ci
acquire a 3D surface structure of the precisely himacl
surfaces to fulfill the requirements for the apation in
industrial environment [15].

These measuring techniques are typically for surface
characterization. For 3D measurements it is ofteore
advantageous to use a CMM. Such N&MMs have bee
recently introduced achieving an uncertainty of @@ or
better and enabling threkmensional measurements as wel
scanning of high precision parts.
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The concept of the ultra high accuracy coordinagasuring
machines is based on the linear scales to measangofsitior
of the probe tip and measuring heads for the scalethe
horizontal plane. The design also features airibgafor high
repeatability and small power dissipation in thedes.
Measurements with resolutions less than 50 nmdaostry anc
less than 1 nm in national metrology institutes desirec
today.

6. CONCLUDING REMARKS A ND
OUTLOOK TO FUTURE
DEVELOPMENTS

Thereexist close interactions between measurement tqul
and industrial and technological developments. Bpgwints
of interest are quality and environmental managéen
automation, sustainabilitgnd micro and nano technolog

It is correct that qualityand environmental management
much more than practical application of measurer
technique but it is not possible to achieve higlaligyt and
environmental compatibility of technical productsithgut
appropriate and intelligent measureme

In modernmetrology it is possible to use instruments cap
of creating atomic resolution images of the surdamfedifferent
specimens. SCM, AFM, STM and Scanning Probe Miapg
(SPM) are such advanced measurement technologtethe
atomic level metrology ah fabrication are closely relate
STM has made possible the first steps of atom nodatipn
which may lead in the future to fabrication at #iemic level
[16]. As a still more futuristic development thisayjnperhap:
make possible the design and proion of miniature
measurement instruments or devices for medicatnreat or
operations in human beings that might operate amouasly in
the micro-or even nanoworld. The speed and reliability

can be achieved make any idea of mass manufactunim, or
in the foreseeable future, preposterous. But in a@age
nanometrology has become technical reality and- and
femtometrology will not be impossible in the futi
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