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Abstract

AUKOM is an instrument- and manufacturer-independent training concept for operators of co-ordinate measuring machines. The structure of the training, the contents of different course levels and the organisation behind the AUKOM concept are described. Furthermore it will be reported on further activities like the implementation of AUKOM in a new profession requiring training and on going international.

1. Introduction

High-qualified staff is a crucial competition factor for any organisation. This in particular ap​plies to those fields, which make high demands on the employees. That is the case for co-ordinate metrology where the knowledge an operator of a co-ordinate measuring machine (CMM) requires in order to achieve reliable and comparable measurement results is not only very vast but also of an interdisciplinary nature (Fig.1).
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Fig.1:
Knowledge which is required by an operator of a CMM

Considering the current situation in Germany neither the dual training in the industrial metal​working trades nor the advanced training for technicians or study courses at colleges and universities meet the demands for a comprehensive training in co-ordinate metrology.

Furthermore the courses offered by the CMM manufacturers are machine- and software spe​cific with too little content in basic metrology, mathematics and physics not reflecting specific issues like standardisation, measuring strategies and measurement uncertainty.
For this reason, within the framework of a three-year research project (1998-2001), a training concept was developed for co-ordinate measuring technology [1,2]. The project was carried out by the Federation for Quality Research and Science (FQS) at the chair Quality Manage​ment and Manufacturing Metrology on the University Erlangen-Nuremberg and funded by the Federal Ministry of Economics, jointly with the most important manufacturers, some of the major users of CMMs and scientific circles (e.g. PTB). Those who took part in the research project as well as other interested parties at the end of the project in 2001 joined forces to launch an association by the name "Ausbildung Koordinatenmesstechnik (Training in Co-ordinate Me​trology) e.V." (AUKOM) to realise and promote this training in the market.

2. Foreign training concepts

There are some training programmes for dimensional metrology available abroad, from which the programmes in Great Britain, in the USA, in Canada and in Italy are the most re​markable ones. While the first two programmes offer training courses more for dimensional metrologists in general the programmes in Canada launched by the Association for Co-ordi​nate Metrology (ASMC) and that in Italy (CMM Club/CEPAS) are focused on co-ordinate metrology. Both they are quite similarly designed in structure and content with the AUKOM concept. The main differences are - besides the organisation of how to disseminate the knowledge to the customer - due to the minor previous knowledge of the target group and the stringent conditions of the teaching material.

3. Structure and contents of the AUKOM concept

The objectives of AUKOM to realise fundamental training in co-ordinate metrology are to 

· develop a machine- and manufacturer-independent training concept

· considering the previous knowledge and the learning behaviour of the target group ("worker-tailored advanced/further training")

· with an independent final examination with a generally accepted certificate and thus creating comparability of the state of training.

Taking into account that where in former times engineers and technicians operated the CMMs, now this is more commonly the task of skilled and semi-skilled workers. This means that particular care must be taken with the contents, didactics and the use of plain, straight​forward language. Furthermore from surveys of quality personnel and company decision-makers and in co-operation with the committee from industry accompanying the project, typi​cal workplace profiles were established and categorised within the framework of a target group analysis. According to these working profiles, the AUKOM structure was seen as a three-phase, hierarchically arranged basic/advanced training system with interfaces to manu-facturer-specific measuring software training (Fig. 2). 
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Fig. 2: Structure of the training concept: three-stage AUKOM system

The three levels of the AUKOM training system result in different qualification levels of the participants: CMM user (level1), CMM operator (level2) with a distinction between geometri​cal features and sheet metals as main objectives and CMM expert (level3). Level 3 is still under development. At the end of each course level, a 60-minute written test takes place, which is organised centrally. The following criteria are laid down as conditions for participat​ing in these examinations (Table 1). It has to be pointed out that the participants have to complete their practical CMM knowledge in the time in-between the courses.

Table 1: Requirements for participants in AUKOM courses

	Level
	Name
	Requirements
	Recommendations

	1
	CMM User
	Knowledge of German
	School education successfully completed, or similar knowledge

	2
	CMM Operator
	Level 1 examination passed, and practical meas. experiences
	Vocational training successfully completed, or similar knowledge

	3
	CMM Expert
	Level 2 examination passed, and further practical meas. experience
	Experienced skilled worker, technician, engineer or similar knowledge


3.1 AUKOM contents

Each of the training phases 1, 2/2F and 3 is divided into 14 learning modules. The learning modules 1, 2/2F are described with their titles in table 2. Level 3, presumably finished in the first half of 2005, will be described later. The duration of the individual courses is in the order of 3 to 8 days depending on the previous knowledge of the participants.

Table 3: Contents of AUKOM level 1 and 2/2F

	Module
	Level 1
	Level 2/2F

	1
	Units
	Overview of the whole measuring run

	2
	2D co-ordinate systems
	Geometry – overview

	3
	3D co-ordinate systems
	Dimensional tolerances

	4
	Geometric features
	Geometrical tolerances

	5
	Combination of features
	Measuring strategy

	6
	Basics – Geometrical Product Spec.
	Probing strategies

	7
	Design of CMMs
	CNC-programming (level 2)

Measuring of free form surfaces (2F)

	8
	Types of CMMs
	Evaluation

	9
	Preparing a measurement 
	Influences on the measurement result

	10
	Selecting/adjusting probing systems
	Documentation

	11
	Measuring on the CMM
	Basics – test equipment monitoring

	12
	Evaluating and statistics
	Application of statistical parameters

	13
	Accuracy
	Basics – process monitoring

	14
	Basics – quality management
	Principles of good measurement


AUKOM 2F mainly differs from AUKOM 2 in focussing on specific sheet metal measuring techniques like iterative alignment of the objects to be measured, car body measurements or the measurement of sheet metal characteristic features like long holes or edges. In return the contents of AUKOM 2F concerning dimensional and geometrical tolerancing is adequately reduced. At the end of AUKOM level 2 course a participant should be able to have a good command of measurement planning based on dimensional and geometrical tolerancing, on measuring strategy including the probing strategy and evaluation procedures and on detect​ing and interpreting the relevant ambient influences when estimating measurement uncer​tainty. 

For phase 3, the basic and advanced training as a CMM expert, elective models are being discussed at present. These will be made up partly of learning modules as compulsory ele​ments, partly of optional components. New modules will deal with basics in production tech​nology, CAD and digital filtering. Other subjects like dimensional and geometrical tolerancing, optimisation of measurement procedures or evaluation of measurement uncertainty will be deepened or rather newly created.

3.2 AUKOM e-Learning system

For self-teaching and in particular for learning the course curricula, an e-learning system is being developed, initially for phase 1 of the AUKOM training. It has a similar structure and the same content as the AUKOM course. The e-learning system can be used at the work​place especially for subsequently learning individual modules and refreshing one's knowl​edge. Studying by e-learning is also an alternative to attending course AUKOM level1. But those participants must sit in person for examination at the training provider offering the course.

4. The association AUKOM e.V.

The non profit-making association AUKOM e.V. is aimed at organising the technical respon​sibilities, supervisory tasks and the updating of the training contents over the course of time, at qualifying trainers, at carrying out co-ordinate metrology meetings for manufacturers, users and the scientific world and at awarding of examination certificates (Fig. 3). AUKOM e.V. has set itself the target to provide up-to-date, comparable and provable training in ac​cordance with the requirements in the field of co-ordinate metrology. To achieve this, AUKOM e.V. ensures a high standard and comparability for the training courses offered in co-ordinate metrology. It improves co-operation between manufacturers and users of co-ordi​nate measuring machines in Germany and beyond that in Europe and provides an interna​tional standard for well-founded further training. It does not itself offer training courses, this being the prerogative of its members whom the association supplies with relevant instruc​tions and course material. [image: image3.png]AUKOM e.V.
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Fig. 3: Aims and functions of the association AUKOM e.V. 

Membership of the association is open to individuals and corporate bodies dealing with co-or​dinate metrology and the world of science. A differentiation is made between corporate members (legal entities such as companies and organisations) and personal members (indi​vi​duals). Offering training courses complying with the AUKOM structure is strictly reserved to the members of the association. 

5. How AUKOM develops

While only two years placed in the marked the AUKOM courses are by now well accepted. about 240 persons attended AUKOM 1, and about 80 the AUKOM 2/2F courses, which are offered by six of the corporate members. Most of the participants came from the automotive industry. Twelve corporate members, seven of them representing nationally and internation​ally known CMM manufacturers, and 25 personal members express the high de​gree of ac​ceptance of the AUKOM concept by the industry concerned.

6. Further activities and outlook

AUKOM as a standardised training in co-ordinate metrology will contribute to an increased confidence in the measurement results so that repeated measurements can be avoided and the production creation process accelerated. Already AUKOM is a powerful training concept, but by far not complete. Highest priority will for the next few months be given to the realisa​tion of AUKOM level 3. It will also be essential that the knowledge of optical metrology is in​cluded in the AUKOM courses. A long-term objective is to create a recognised profession "3D-metrologist", both as a profession for which one has to qualify within the scope of ad​vanced training, and also within the framework of the dual system of training. Negotiations with the German Society for Quality (DGQ) are aiming at jointly dis​seminating the AUKOM idea in Germany and abroad. In this regard - according to its consti​tution - AUKOM itself is now going to encourage the training in co-ordinate metrology in Europe and even beyond. Thus course materials will be translated into English and Spanish and first contacts exist with organisations and companies in North America and South East Asia.
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