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Abstract

To gather reproducible measment results, metrologists need a variety ofpmiemces. Yet, also other group
staff in a manufacturing enterprise need compesdno@etrology in order to assure the appropriateifipation o
tolerances or sufficient consideration of inspe@laequirements in production processes.

Therefore, the strict focus of metrological quedifion on staff preparing or performing theuattmeasurements
insufficient for the efficient assurance of confdymAdditionally, on the one hand a demaoriknted qualificatio
concept is needed to impart required fundameniiladge on manufacturing metrology acdéogdto the specif
needs of each user group. On the other hand, afgieomeasures of knowledge mamaget have to be applied
order to assure a proper application of the gathemewledge and enhance mutual understandingdaetjuiremen
of other involved user groups.

Thus, as amendment for usgrecific measures of formal qualification, a comdegis been developed to en
knowledge transfer among different groups and degaats in an enterprise. By this holistic approdeh,impact ¢
measures of qualification cdre increased and high product quality can be aetlieg a common aim of all rele
groups of staff.
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1. Introduction

The common aim of all activities in manufacturingtrology is the gathering of reliable
information about the manufactured products. Th&rmation is used to control the
implemented processes and to assure that only twoskpieces that fulfil the specified
requirements are handed on to further steps ofystaxh or are delivered to the customers.
Regarding the tasks of the metrologist, competeara® diligence of the person planning,
preparing and executing the measurement may haigndicant influence on the gathered
result [1] and thus directly on the quality of eelied products. Any errors in the performance
of a metrologist’s task may cause a biased meaguesult without being noticed. Following,
based on this wrong information, erroneous decssiovil be made. Thus, it is an
indispensable precondition for reliable measurenmmsults, that on the one hand the
metrologist is capable to perform his tasks antherother hand also accidental influences on
the measurement are reduced as far as possibleefdtee over the last years a variety of
training offers for the impartment of required famaental skills and knowledge and diverse
tools to support the correct execution of a measard task have been developedy([2-8]
and many others), amending courses by manufactofengasurement devices which usually
focus on handling, programming and maintainingdtteial machine.

Yet, the performance of the measurement itselfre@inbe seen as an isolated task. Quite
the contrary, the measurement results themsehesvarthless, if they are not interpreted
correctly or if the measured features do not dbsdtie intended properties of the object.
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Unfortunately, quality inspection is rarely consiel® as a regular step in the
manufacturing process chain, but rather as a mergdgortive function. This underestimation
of the influence of metrology on the quality of thieal product is likely to result in an
insufficient recognition of metrological concerngrithg the development of products and the
planning of manufacturing processes, but also inirsufficient allocation of funds for
required investment or staff. Finally, this dismebawill result in disadvantages for the
enterprise. Thus, it is necessary to improve thdéuatuunderstanding between different
departments in order to enable an execution ofigpéasks under consideration of holistic
requirements.

Employees in manufacturing metrology or qualityp@stion have to realize their function
as an interfacial area of work and have to keeglase communication with connected
departments of the enterprise. In many companiestrofogists are — although often
unwillingly — already fulfilling this function, eszially if problems occur. But for efficient
cooperation, all involved groups need sufficientowfedge about each others’ tasks to
mutually understand existing concerns.

Therefore, regarding training offers in metrologye focus has to be opened up from the
correct performance of measurement tasks to melyealelated functions in connected
professional areas. For this, on the one hand atedraining concepts have to be developed
to impart required competences according to theispelemands of different target groups in
an industrial enterprise, on the other hand, f@eslifor knowledge management have to be
implemented in order to constantly enhance comnativic and to assure the actual
implementation of abstractly imparted knowledgeud,ha holistic qualification concept has
to be developed, including individual and cooperatearning.

2. Analysis of group-specific need of competencesin metrology

For an analysis of the needed competences, it dhdme tregarded which activities are
performed by specific user groups in an industealtterprise and which relation to
manufacturing metrology exists. It is necessary identify existing groups of users
considering functional aspects. As each entergiseganized in a singular way, there will be
differences regarding the exact distribution oksaamong the user groups. Yet, it is possible
to divide the employees into generic user groupsaming typical contents of work. Based on
this functional categorization, the concept canléesloped.

2.1. Structure of user groupsin industrial enterprises

The analysis of user groups is conducted basedercdnstruct of Porter's value chain
(Fig. 1) [9]. In the value chain, strategically iorfant, independent and consecutive activities
in an enterprise are visualized. Primary activit@stain a direct use for the customer,
whereas support activities provide necessary bdsicthe execution of primary activities.
The process results in the manufactured producliging an economical benefit for the
company.

Originally, the construct of the value chain isemded to enable the identification of
potentials for economical optimization. The prdiitdy of each of the contained activities
may be assessed by comparison with a benchmankepgetg. the reference market leader.
Thus, the activities are classified in a way thataldes a high comparability and
transferability between individual enterprises arah be used as a base for the system-
oriented analysis of required competences.
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The Value Chain
Porter 1985

D Gross Sales
D Support Activities
. Primary Activities

Fig. 1. Porter’s model of the value chain [9].

2.2. Group specific need of competences in metrology

The first primary activity, inbound logistics, caints the receiving of goods. To assure a
sufficient quality of the purchased materials, adgq inspection is necessary. Thus,
competences for the planning, execution and intéapion of acceptance inspections for all
relevant measurands are necessary. It can beatiffgr a hierarchical level between the mere
execution of a fixed inspection process and theindieih of such processes. Also,
competences in analyzing measurement results aategkes are necessary in order to
identify underlying reasons for differing resultetiveen own measurements and supplier
documentation.

Operations, the second primary activity, cover Yhaous processes of transforming the
input material to output products. Here, informatiabout the quality of manufactured
products and the underlying processes are necesHaug, competences for initial sample
inspection and in-process quality control are nemgs containing planning, execution and
interpretation of adept measurements. Especialipwkedge about the reasonable inclusion
of quality control in the process is necessary.eHeo, hierarchical levels can be differed
considering the complexity and amount of the e)eatthsks.

Outbound logistics is due to deliver the manufaduproducts to customers. Here, final
clearance has to be given for the products. Thasipetences are necessary to prepare and
perform the measurement and compare results watbuktomer, if any differences occur.

Marketing and sales is oriented toward attractingt@mers for the products. Employees
here do not need metrological skills but shouldvkrabout the quality politics of their
enterprise.

The last step of primary activities is service, &g all activities to conserve or augment
the value of the product for the customer. Metraalcompetences are on the one hand
necessary to inspect broken parts in order to enabfeedback for the improvement of
production processes. On the other hand given merasmt results of final clearance by the
own company or acceptance inspection by the custbene to be compared and interpreted.

Regarding support activities, in technology devealept metrological competences are
needed to enable inspection-oriented dimensionurgng development and construction of
new products. For this, fundamental knowledge abddterent methods of inspection as well
as specific knowledge about minimum tolerancesetinbpected reliably in the company are
required.

Employees in human resource management, procuresmeintompany infrastructure do
not need special competences about metrology. i¥ag§ very important to assure the
appreciation of impact on the company’s succedsegedi by quality control and metrology.
Otherwise, strategic decisions regarding infrastma; investments, employing of qualified
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workers and purchase of required measuring dewadlsnot sufficiently consider the

demands of metrology as it is only seen as a faftoost.

Summarizing, four main groups of employees mayitierdd regarding their concern with

metrological subjects (Fig. 2):

Metrologists or quality supervisors who activehamplor execute measurement tasks on

incoming, produced, outgoing or reclaimed produdisis group additionally can be

subdivided by the complexity or specialization ¢euted tasks.

— Contact persons in inbound or outbound logisticsasvice who do not actively perform
measurements but have to be able to interpret measat results and identify possible
reasons for differing results between customersaplier.

— Constructing and process-planning engineers inatip@s or technology development
who have to know about the requirements of prodhspection, their impact on product
and process design and the available possibilities.

— Other employees.g.in sales, infrastructure or human resource managemho do not
need specific metrological knowledge or skills, batgeneral idea and according
appreciation of the impact that metrological atiea of the above-mentioned groups have
on the success of the company. This requirementnfatual appreciation between
different sections of work also holds true for ather areas of activity in a company.
Thus, there is no need for a special metrologi@ahing concept but rather for an adept
overall philosophy.

Examples of

User groups .
required competences

I Metrologists / Quality supervisors « Handling of devices
 Planning of measurements

Active execution of measurement tasks ¢ Analysis of uncertainty

Il Contact persons « Evaluate conformity
» Compare measurement

Interpreting measurement results results for acceptance

Il Constructors / Process planners « Knowledge about
inspectable tolerances

Consideration of inspectional requirements  Providing of inspection time

IV Other employees « Appreciation of connected

tasks

1 111

Basic understanding of impact of metrology

Fig. 2. Typical groups of employees regarding cetepces in manufacturing metrology.
2.3. Definition of learning objectives for the user groups

Out of these identified typical tasks related tatrolegy, learning objectives for each user
group can be defined. Here, primary and secondajgctives have to be regarded (Table 1).
Primary objectives focus on factual and procedooahpetences necessary for the execution of
the actual tasks. Therefore, these objectives eadebived directly from the identified tasks.
Regarding factual competences, the knowledge giimaiples and fundamentals required for the
specific tasks has to be imparted. Regarding ptoekdompetences, it has to be practiced how to
use these abstract information on an actual tasarat.

Secondary objectives focus on general, social aethadical competences that are not
specifically required for a certain task, but epath effective performance within the existing
constraints of work. Social competences includeattibty to use knowledge in the interaction
with other employees and to be able to consideradds of the whole group or other
superordinated ideas.g.the welfare of the company, in addition to ownvidlal goals.
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Methodical competences contain the ability to kmowledge with new information and thus
adapt own actions to new situations and also createknowledge.

Table 1. Examples of user-group specific learmmbpectives for different categories.

Exemplary learning objectives

User groups Factural Procedural M ethodical Social
| Metrologists / Knowledge abou At)rg'tﬁ?nhrﬁgglseuﬁgi
Quality supervisor | measuring device prog . 3
machine
Knowledge abou Ability to assess
Il Contact persons meaning of conforml_ty of a part Dilient CarmaalEr
measuring considering lnigent, connections
uncertainty uncertainty i, r?{erlcl;led to other
Knowledge abou . working working
Il Constructors / available Aol o e s steps
abstract knowledge
Process planner: measurement .
devices construction

IV Other employees - -

Basically, it is considered that social and metbaldcompetences have been sufficiently
developed during primary education. Yet, the amalgbtasks with metrological concern for the
various areas of activities shows that, due todén@anded cooperation, competences in social
interaction and methodical working have an extrgnstlong influence on the successful and
efficient execution of the tasks at hand. Therefdnether consideration of these secondary
objectives can be regarded as vital for the impéthe intended group-specific training on the
performance of the participants.

Thus, the mere impartment of knowledge is not cefiit, but amending measures to enhance
cooperation and knowledge management betweendaiffdepartments are required.

3. Conceptualization of training offer

For the definition of a training concept, a teagHearning methodology has to be defined
according to the requirements and preferenceseahtinded target group. Also, the content has
to be defined which has to be imparted to achikgespecified learning objectives. For this, it is
necessary to know the typical qualification profilethe participants in order to determine the
preknowledge to be considered. The employees antrioned groups typically differ widely
regarding basic vocational qualification and preif@sal experience. Thus, it is not
recommendable to define the expected state ofirexistetrological competences based on an
analysis of contents in basic vocational educafidns holds true also for the constraints on
teaching-learning methodology. Therefore, it isessary to conduct a user-needs analysis to
describe requirements on the method to be implexdeag well as on the detail of knowledge to
be imparted and the starting point. Out of the ltegiathered there, components adapted to the
needs of each user group can be developed, intéodathieve the learning objectives regarding
factual and procedural competences [10].

Regarding the intended knowledge management, tteedaicg component has to fit all groups
as it has to include members of all related depantsn Also, demand for time or resources should
be as low as possible to enable an inclusion irkiwgrconditions rather than an outstanding
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action which is not likely to create a sustaindddening effect. Therefore, cooperative learning in
project groups that work together on an actuallprolout of the own enterprise is recommended,
implementing the widely known technique of quattycles as an opportunity for learning. The
project group should consist of members of all depents relevant for the conduction of
metrological analysis on a specific part, thatggality planning with metrology in any case,
amended by product development, process plannibjagistics if appropriate for the chosen
actual task. For this method of cooperative legnoinm a project, there are no requirements on the
ability to use any kind of special learning metHodg, but only everyday abilities are required.
Also, the amount of necessary time is quite lowadditionally is immediately rewarded.

For the problem to be solved, a workpiece shouldhmsen which causes difficulties during
its processing. Optimally, it can be considered apecial representative for a group of similar
workpieces with comparable problems. Then, theeptogroup is bound to use their specific
competences and knowledge to find an acceptahMiaofor the processing of this workpiece,
satisfying the needs of all involved groups. Foaregle, a workpiece can be analyzed that is
developed and manufactured in the enterprise awdksembled with other self-produced parts
to a subgroup or the final product. Here, typicalbjiems are difficulties in inspecting the defined
specifications with acceptable accuracy given thalable equipment and the time reserved for
inspection in the manufacturing process which mesult in erroneous parts not usable for
assembling, as reported by metrologists in diffeesterprises. Specific concerns can be the
relation of the specification to the required fumes, the allowed size of deviations or other
aspects. To find an acceptable solution for thek,taequirements and concerns of product
development, quality inspection, process plannprgduction of the parts and assembly with
other parts have to be known. Therefore, from @fit¢hese departments one person should join
the project group. It is recommendable, that -eastl at the beginning of this cooperative process
—no employee has to reanalyze his own work, isradmavoid the need to maintain own integrity
by defending taken decisions. Later on in the legrprocess, the reanalyzing of own work will
be more helpful, if a better understanding fordbecerns of other departments’ needs results in
the ability to critically reflect own decisions.

This project work should be conducted interrelateith the impartment of theoretical
knowledge (Fig. 3). Thus, phases of group spetg@&ning have to change with phases of
cooperative learning. For the conduction of thggatonvork, a specified time has to be reserved in
order to enable concentrated workiagy.one afternoon in a month. The chosen tasks have to
solvable in the given time frame. Thus, it is prafde to chose small tasks as examples which
enable the success of the project group. Duringah@non work, the mutual understanding will
be sustainably increased.

| Kick-Off |
| | l

| Modulel-A | | Moduleli-A | | Moduleli-A |
] | |

| Common work on practical task |
l | l

| Modulel-B | | Modulen-B | | Moduleli-B |
| | l

| Common work on practical task |

!

| Acknowledgment of new competences (certificate) |

Fig. 3. Concept of a user-group specific trainingancing knowledge exchange.
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4. Constraintsfor the effectiveness of Cooper ative learning for knowledge management

For the successful implementation of any metho#naiwledge management, a triangle of
areas in the enterprise has to be regarded: Teshrogganisation and human being [11]. Even a
good technigue or method is of no use if the osgditinal constraints do not allow for a proper
use and the individual employee is not able ormotivated to participate in the process of
knowledge management.

If the overall situation does not enable self-gdigrking and a comprehensive considering
of the advice and new ideas taken out of the catigerlearning circles, but only a strict
processing of instructions, a process of learnmkgnowledge transfer will not be possible. If all
further actions are based on binding, predefinéesyat least the activities are transparent and
reproducible. Yet, it is usually not possible tdirmke simple instructions for complex problems in
an adequate way. More likely, in some cases thensmbered relying on these instructions will
lead to erroneous performances, if they are ndicayte or not optimized to a specific situation
out of given constraints.

Therefore, to sustainably achieve high standardiseiperformance of complex processes it is
indispensable to enable a sufficient degree of-ggetfance for all involved employees.
Complementarily, it is necessary to promote a rigetif responsibility for their specific area of
duty and to show the importance of knowledge mamagé and sharing of experience for the
overall success of a specific process as well as long term for the whole company, including
all employees.

Regarding the involved employees, proper use ef @loject work or any facility for
knowledge management or continuous learning cay bel expected if the employee is
adequately motivated. Otherwise, these methodshailbe accepted. For this, it is necessary to
provide some basic information:

— Organisation of the method. The organisation ofpifugect groups and their connection to
the overall learning process should be made clear.

— Benefit of knowledge management for the company e employee himself. An
efficient sharing of knowledge can only be impleteenif all concerned persons are
motivated to participate adequately. Therefore, wke of knowledge sharing for the
company, but especially also for the individual éype as opposed to the use of rare
competences as a valuable source of power or aofmecurity guarantee regarding
dismissal, has to be understood.

— Benefit of better results. In a long term, an actparticipation in a process of constant
improvement and supportive cooperation can onlyabkieved if a common aim is
aspired. In metrology, that would be the ideal aittn of precise and unbiased
measurement results understandable by all concepeesbns and reproducible with
adequate accuracy. Thus, the employee will be @i/ not only to oblige to existing
rules, but to contribute actively to a continuoevelopment and to sustainably improve
his own performance.

In order to impart the necessary competences aterstanding, a proper introduction to the
implemented method will have to take place as gfathe training concept. Also, information
about the policy and vision of the company as anleg community is necessary. Finally, a
general involvement in the process of Life Longrbhed is indispensable in order to achieve a
sustainable motivation and an adequate identificatith the aims of an assignment.

5. Conclusions and outlook

The reliability of measurement results dependsamy on the performance of the actual
measurement, but also on its embedding in overafiufacturing processes. There are many
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connections with other departments regarding tleeifspation of properties to be measured as
well as the interpretation and handling of measergmesults and the definition of constraints for
the measurement itself. Therefore, qualification rfeetrology also has to consider other user
groups besides the metrologists themselves.

By a structured analysis based on Porter’s valandhree typical user groups in industrial
companies have been identified with specific need ddvanced training on metrological
concerns. This analysis provides a base for thelolewment and implementation of demand-
oriented training concepts for these user grouparring objectives have been derived from the
general systemic analysis of required competeiBaesed on the results of a user-needs analysis,
an according training concept has been developedchieve a sustainable learning effect and
enable the imparting of social and methodical caemees required for the efficient performance
of metrology-related tasks, the impartment of @sstknowledge has to be combined with
according measures of knowledge management. Foretbment, the method of cooperative
learning in project groups has been proposed.

By implementing such a holistic qualification coptsensitive to the needs of different user
groups in an enterprise, an educational offer @provided to enable the correct handling of
measurement results in industrial application, eamog not only the execution of measurements,
but also the interpretation of measurement resumitsthe related communication as well as the
basic consideration of inspectional requiremenisis] the reliability of measurement results as a
basis for the quality of manufactured productslsaimcreased.
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