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Summary and main results 

Background

The four technical schools Hillerød,  Fredericia/Middelfart , Herning og Haderslev have through the last 3 years worked together on the education of fitter/turners.

The take-off  has been Herning Technical school’s development project : The Experimentarium

Focus has been on integrated teaching, working in projects and the soft qualifications.

As an important element the teachers from the schools have attended a series of seminars with the purposes, partly to work with the new teaching role partly to build up the teams on the schools, which are the basis of taking  new directions in the vocational education.

The Danish business life and thereby the vocational educations are at a large-scale process of change.

The globalisation which takes place these years, where information technology makes geographical distances almost meaningless, means that a job has to be done where it can be done best and/or cheapest

We are not only sub-suppliers for each other within the country, but beyond borders.         

Not in production only but also functions like transport, marketing, economics and programming are given to the co-operators who can do the job at a favourable price.

The vocational educations have to be an active part in this reorganisation process.

Our students must be able to make good in a world where communication is a key-word.

The idea of The Global Village

The trainees on the 5th school period are called in at the same time at the 4 schools and create a number of production companies between the 4 schools.

They will be sub-suppliers for each other and must with intense use of information technology build up a co-operation  by :           

· communicating about a product   

· designing the product

· planning the production and documentation  

· producing sub-components 

· assemble the finished product. 

Teaching will be close to reality and binding.         

Specifications, deadlines and demands of documentation must be observed, because others are dependent on each group (sub-supplier).

Information technological tools   

The students had the following information technological tools at their disposal:

Hardware:
· PC’s tied together in a network and connected to the Internet/Sectornet.

· Digital cameras

· Video-telephone

· Fax 

· Mobil phone  (primarily for the teachers)

Software:
· MS-Office packet

· Paint Shop Pro

· Pro Share Conference System. (Video telephone and programme sharing)

· Pegasus Email

· Autocad 13

· CD-ROM’s with various tools catalogues  (SKF,  Brdr. Klee, Føns)

Organisation
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The above mentioned organisation also goes in the workshop where each group has its own self-governing production cell with 2 lathes, 2 milling machines and a vice working bench.    

The teaching course  

The time limit was agreed to be 5 out of the 10 weeks of the school period

The teaching course consisted of a 1-week  intro/test-course, where the purpose was, partly to get to know  the co-operators and partly to get knowledge of the information technological tools which were available.

The production exercise were built around  a number of e-mails from the holding company to the respective sub-suppliers.

Physically a cube had to be produced, a cube consisting of 4 parts, which had to fit together like a puzzle.

The students had to communicate around measurings, drawings, exchange drawings electronically and produce each their parts. 

On the last day of the week each school had to assemble the parts which had been mailed to the respective holding companies.                                  

After this a 4-week gearbox-project started where the basis was a theoretical drawing of a small gearbox, consisting of 21 parts, which had to be produced in a co-operation within the settings of each holding company.

This means 4 different versions because the more detailed presentation would rely on the decision made  between the sub-suppliers.       

There were demands of documentation and planning of the production.

Drawings made by Autocad had to be tested electronically by W-block-simulation, before they were released for production.

The sectornet/Internet were used for seeking information about bearings, locking  rings etc. And formulas for measuring charts  and operation descriptions were found at the homepage which was made for “The Global Village”.

A copious report had to be prepared from each of the sub-suppliers including a documentation for the whole course.                                

Project management

The teaching experiment has in matters of management been organised as the table below shows.

The managing group has had 8 meetings, and this has been absolutely necessary as the development project has implied teacher’s education, establishment of the qualifications concerning computers (concerning systems and teacher’s qualifications) and exact co-ordination of  the planning and the content of the teaching.
	
	
	Project co-ordinator:
Hardy Møller-Jensen

Herning Technical school


	
	

	
	
	
	
	
	
	

	Management group



	Herning T.S.

Per Mathiesen


	
	Haderslev T.S.

Fl. Lysemose

(IT)
	
	Fr./Middelfart TS

Finn Vølund
	
	Hillerød T.C

Johnny Sørensen

	Hans Kurt Lykke

(CAD/CAM)
	
	Erland Hede

Niels Sørensen

(CAD/CAM)
	
	Søren Nørlund

Christian Nielsen

(CAD/CAM/IT)
	
	Frank Kronbach

(CAD/CAM/IT)

	Jan Nielsen

Lene Hagensen

(IT-/production)
	
	Ib Uldall

(production)
	
	Helmut Selmer

(production)
	
	Flemming Jacobsen

(production)

	Jørn Peter Isralsen

(system responsible)                  

Project group
	
	Nis Arne Lassen

(system responsible)

Project group
	
	Lars Juul

(system responsible)

Project group
	
	Steen Loll

(system responsible)

Project group


As the table shows there was a project group at each school, consisting of at least:



- one CAD/CAM-expert



- one production person



- one general course/ IT-teacher



- one responsible for the sectornet

It was an important element to build bridges between the educational persons and the system administrative persons, both at each school and between schools.

              Evaluations and results. 

The project has been evaluated through

· An extended questionnaire and student inquiry

· Teacher evaluation written by each school and at a final 2-day seminar.

· Arrangement of meetings with LUU (Apprenticeship Board) and the masters involved.

The questionnaire inquiry shows                         

· The hardware is the weak point (printer/plotter - too small/obsolete PCs)

· The local network resulted in quite a few problems on each school. (breakdowns)

· Video phone, digital camera, mobile phone and fax worked without problems

· E-mail (Pegasus) caused problems  particularly at one school.                               

· The remaining software - Office-packet and Autocad worked without problems.

· The introduction week is estimated as good and absolutely necessary for the following project

Students’ conclusions referring to the phases in the gearbox project.

· Highly satisfactory at the manufacturing phase. 

· About 80% estimate the other phases as satisfactory or very satisfactory            

· Measuring charts 55 % found them satisfactory or very satisfactory.               

· As regards IT and practical contents they are highly estimated

· As regards the theoretical and social subjects the estimation is lower

· The technical skills are by 50% estimated as satisfactory or very satisfactory. 

· The soft qualifications were found satisfactory by 75%

· The students found their previous knowledge good.    

· Good satisfaction with the possibilities to develop CO-operational qualifications

· About 2/3 of the students find the project useful for their future working life

· 71 % think that the project should be a part of the education of fitters in the future.

Teachers’ evaluation:

At the following evaluation conference the results of the questionnaire inquiry were discussed and the following conclusions were obtained:                                 

· The introduction project is very good and should be placed at the 4th school period.

· The time consumption of the gearbox should be tightened.

· Either there has to be a more difficult trade related content in the gearbox or the trade related content has to be considered in the remaining  teaching.                                                                                                     

· Possibly  the gearbox could be moved to the 4th school period, alternatively the first 3-4 weeks are placed on the 5th school period, so that the students feel they have more time to prepare for their final apprenticeship test.

· The teachers in general have experienced the project as very exiting, demanding and very inspiring. Extended engagement by the students.

· Everybody feel they have been moved as individuals and as a team and have tried themselves in new roles.

· Good teacher qualifications on the IT-area are important preconditions. e.g. troubles with W-block-simulation in Autocad and by handling drawings and measuring formulas in Word.

· The teachers give expression to the fact that in critical phases it is necessary  with two teachers.

· The work of the managing group has been essential.

· The support by the school is necessary (including equipment and education)

LUU (apprenticeship board) and the masters evaluation

Generally there has been great satisfaction on the project

Several (especially bigger) manufacturers express that they already work in this way  and others find it good that the apprentice at the technical school gets an understanding for the future conditions of manufacturing

Main conclusions:                 

· The fundamental form of the project is right

· The project implies willingness to new teaching roles - not at least to be part of a committing co-operation at their own school and between schools.          

· It takes time and possibilities to build CO-operational relations and IT- knowledge.

· Teacher’s education is necessary to create the conditions for “The Global Village”

The schools must  have a goal-oriented IT-strategy. Both concerning equipment, organisation and education.         

Description of content of the CO-production project                                       

   Intro-project (1 week)

To give the students the possibility to learn to use the above mentioned communication tools, and to get them to know their co-operators at the other schools, we started with a one-week introduction project.         

Special timetable for the intro-week in the “CO-production project”
	Day:

Lesson  
	Monday
	Tuesday
	Wednesday
	Thursday
	Friday

	1.-2.
	Presentation

participants/idea

E-mail 1
	 E-mail 2
learn about 

Video phone  


	CAD


	 E-mail 4
Production


	 E-mail 5
Reporting  



	3.-4.
	Describe own company(e.g.A1)


	 E-mail 3
Test-production 

presentation


	drawings 


	Production


	Assembly



	5.-6.
	Learn about

E-mail


	Communication about

specifications 


	carried out


	Production


	Evaluation



	7.-8.
	E-mail for co-operators         


	“


	and exchanged


	Production

and mailing   


	


As seen from the timetable above the production game is kept in progress by a number of e-mails, which the students received during the week.
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	Here you see a couple of students, who are about to react on their first e-mail, where they were asked to present themselves and their production equipment with the view to pre-qualify as a sub-supplier.

The descriptions should be made in “word” as attachment files in e-mails for their holding company.

Next morning they could read the answer from the holding company, whether they had been acknowledged as sub-suppliers, and read about their co-operators.


E-mail No. 1 and 3 are included on the following page, partly as examples and partly because they give important information about the contents of the introduction project.

The e-mails are the activating correspondence of the holding company to the sub-supplying companies and start a lot of communication amongst them.

During the project we will estimate that  there from each sub-supplying group has been more than 100 e-mail contacts and dozens of video-phone contacts.

The mobile phone was from the beginning planned to be for teacher’s use only, but it showed  very usefully, when problems with the e-mail arose.

In the same way the fax was used as an emergency system.

(E-mail no. 1  - intro-project)




CO-PRODUCTION HOLDING A




Haderslev Technical School



           
Christen Koldsvej 20 , 6100




E-mail adr.: holdinga@www.haderts.dk




Homepage http://www.herningts.dk  




ftp://dgl.herningts.dk (dokumenter)




Telephone :74 52 40 72     Fax: 74 53 00 83




Mobil phone : 21 43 42 12




Videotelefon:73 52 50 60

Haderslev, April 14th 1997

CO-PRODUCTION A-4 , 
Hillerød T.C, Milnersvej 48, 3400 Hillerød



E-mail:  a4@mail.htc.dk  
Fax: 42 26 45 58  



Telephone: 42 25 18 15              
Video telephone:  48 22 47 09

It is an honour for CO-PRODUCTION HOLDING A to invite you to the PRE-QUALIFICATION ROUND in order to obtain approval as a sub-supplying company.          

To be taken into consideration as a sub-supplier we want a company description which consists of the following points:                                                                                

· Employees   
Personal data
     (Each describes)           
Interests 

Place of apprenticeship

Products 
Own trade related forces   

· Sub-supplying company’s machines and equipment

· Sub-supplying company’s computer hardware and software

The description must be mailed as a word-document with attached pictures of each single employee to our e-mail address deadline today, Monday at 15.00

Yours sincerely     

CO-PRODUCTION HOLDING A

(E-Mail no 3 - intro-project)




CO-PRODUCTION HOLDING A




Haderslev Technical School



           
Christen Koldsvej 20 , 6100




E-mail adr.: holdinga@www.haderts.dk




Homepage http://www.herningts.dk  




ftp://dgl.herningts.dk (dokumenter)




Telephone :74 52 40 72     Fax: 74 53 00 83




Mobil phone : 21 43 42 12




Video phone : 73 52 50 60

Haderslev, Tuesday the 5th of April 1997

CO-PRODUCTION A-1 , 
Haderslev T.S.  Ole Rømersvej 20 6100, 6100 Haderslev. 



E-mail:   a1@www.haderts.dk            Fax:  74 53 00 83



Telephone: 74 52 40 72              Video telephone : 73 52 50 60

CO-PRODUCTION A-2 , 
Fredericia/Middelfart T.S. Teknikervej 2, 7000 Fredericia



E-mail:  a2@fmts.dk                          Fax: 79 20 11 11



Telephone :  79 20 11 11             Video telephone: 79 20 11 12

CO-PRODUCTION A-3 , 
Herning T.S. Lillelundsvej 21 ,7400 Herning



E-mail:  a3@herningts.dk                   Fax: 97 12 73 69



Telephone: 97 12 19 11             Video telephone:  96 27 77 88

CO-PRODUCTION A-4 , 
Hillerød T.C, Milnersvej 48, 3400 Hillerød



E-mail:  a4@mail.htc.dk                     Fax: 42 26 45 58  



Telephone: 42 25 18 15              Video telephone:  48 22 47 09

To be able to test the chosen sub-suppliers’ ability to plan and carry out a CO-production “CO-PRODUCTION HOLDING A”  wants to carry through a little test production.

At first there must be a production improvement of a test product            
Isometric rough sketch of the test product is attached to the e-mail.                                    

(Can also be seen at the Global Village  homepages’ document catalogue at the Internet address ftp://dgl.herningts.dk)

The production improvement has the following demands and deadlines.     

· Each sub-supplier makes the production improvements for the component which on the sketch is marked with the company’s letter and number (e.g. A1 is to be improved by the Haderslev sub-supplying company)

· The sub-suppliers communicate about the necessary agreement of measures.                               

    (Deadline at Tuesday 15.00)
After that the following documentation must be made:                     

· CAD drawing in a right-angled projection of the work-piece

· Raw material dimensions applied to the drawing

· W-block for simulation to see if the work-pieces fit together

· Operational description of the work-piece 

· Measuring schedule for the work-piece (quality control)

NB!  The necessary standard-schedules for documentation can be found on the “Global Villages’” Home Page.

The gathered documentation must be mailed electronically  for the holding company Wednesday at 15.00
Yours sincerely   

CO-PRODUCTION HOLDING A
Page 2 from 2
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The assignment in the introduction project was to make a cube consisting of 4 parts which had                            to fit together like a puzzle.      

       Each sub-supplier had to design one particular of the 4 components.

Only the outer measurements and demands on the parts having been milled on and held together by screws were stipulated.
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	.
	The video phone showed up to be a very useful communication tool               

In contrast to e-mails where you do not know when or if it is read you here have direct contact and can enter an agreement at once. The camera is seen on top of the computer.                                     

There is also a possibility to show each other physical objects and you can make co-operative drawings in a primitive drawing programme included in Pro-Share


With the camera both parts can take a digital picture which afterwards can be attached to a word-document.

At last you can share word-documents and Autocad-drawings through Pro-Share, where both parts with the mouse can show what they are talking about, and in co-operation correct documents and drawings.

When you have agreed, the one who made the call can save the result and send it as an attached document in an e-mail.

It must in justice be said that the students did  not use the opportunity of programme-sharing very much.

The first times the students communicated via the video telephone there was a certain shyness. Differences in language gave the opportunity of many laughs (because of dialects), but very fast it turned into being a useful facility.                    

The necessary agreements on the fixing on the measurements on the 4 components were a complicated and exiting matter to settle.                                

An agreement between 2 parts could collide with an agreement of 2 other parts. Who was to take the initiative?

The responsibility was the student’s alone. The holding company just needed the result: autocad drawings with measurings Wednesday at the latest.

When the drawings were approved the manufacturing of the components were given to another sub-supplier than the one who had designed the component.

This meant that the students had to work by drawings made by students at another school. That meant that it did matter whether there were mistakes on the drawings. 

The students were each others critics.

Thursday each sub-supplier should  produce 16 similar components of which 4 Thursday night would be sent to 3 other sub-suppliers, whereas 4 were kept by themselves. 

In this way each could get a cube as a prove of the CO-production.
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	Here we have reached Thursday afternoon, where a quality control of own products is made, before they are mailed to the other sub-suppliers before the finish of the day’s work.            

Measuring charts could be found via the sectornet  at the “Global Village” homepage http://www.herningts.dk.

The student here is about to fill in such a measuring chart.

An example of this is included as an enclosure at the end of the report.(enclosure 9.10) The same are documents (empty charts) for operational descriptions, CNC-programming     

On the measuring chart the student has attached an autocad drawing of the component converted into a word file. 

The measuring chart is mailed together with the products, in this way the receiving control can see the supplier’s documentation.   The effectiveness of the co-operation should stand its test Friday, where it would show, whether 4 cubes could be assembled.
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	Friday morning the excitement was big: Would the components arrive?

Would they fit together?         

If not - Who had made mistakes?

Here we see sub-supplying company B1 making a quality control on the received work-pieces.

After this the tension could be relieved the assembly could start.                                                                          

In principle we now had 4 different versions of the cube (one from each holding company).                                    

 


Each of them could be assembled. Some after a few adjustments - and one of the cubes had a peephole of 5x5 mm.                         

Documentation made it possible to find out where the mistake came from.

All together an exiting week with a lot of stress but also with valuable experiences.

Gearbox project (4 weeks)        

(E-mail no 1- gearbox)



CO-PRODUCTION HOLDING A




Haderslev Technical school



           
Christen Koldsvej 20 , 6100




E-mail adr.: holdinga@www.haderts.dk




Homepage http://www.herningts.dk  




ftp://dgl.herningts.dk (documents)




Telephone: 74 52 40 72     Fax: 74 53 00 83




Mobil phone: 21 43 42 12




Video phone:73 52 50 60

Haderslev the 5th of May 1997

(Receiver’s address left out)
After a by the large successful test production we want to carry through a larger CO-production among the 4 above mentioned sub-suppliers.                                                                                          

At first there must be a product improvement of the product, which is a little gearbox.

The division of the product improvement work must be done by the following  plan, which refers to the position numbers on the assembly drawing (enclosed)

	
	A1
	A2
	A3
	A4

	Position
	7
	3
	1
	6

	“
	11
	4
	2
	9

	“
	13
	14
	5
	10

	“
	15
	16
	8
	12

	“
	20
	18
	17
	19

	“
	
	
	21
	


The following specifications are valid for the gearbox.

· Ball bearings in the side-plates of the type SKF 6003

· Gear wheel modules are as follows:       
pos. 4   
z=20 
modul 2

pos. 8
z=50
modul 2

pos. 9
z=60
modul 1,5

pos. 13
z=30
modul 1,5



· The material list states the measurements of the raw material for each work-piece and the sub-suppliers must from these agree on the final measurements, before the specific work on the drawings start. ( material list below)

· Deadline for agreements on measurements: Wednesday 15.00 this week          

The following documentation must be made:  

· Cad-drawing in a right angled projection from DS 2768 from each part.

· Insert point at the bottom left corner in preparation for exchange of w-block for simulation to see if the work-pieces fit together.
· Deadline for exchange of drawings is Tuesday 15.00 (week 20.)


· Measuring charts with transferred a-cad-drawing must be made for each drawing.

· The necessary standard schedules for documentation can be found on the “Global Village”  homepage.  (be careful with the filling out of the head of the drawing a.s.o.)

The finished documentation (drawings and the belonging measuring charts) is to be mailed to the holding company  at the latest Wednesday 15.00 week 20.

Your sincerely   

- and the hope for a good production improvement

Holding A

MATERIAL LIST

	Pos. no.
	Piece
	Material
	Dimension
	Number



	1 and 15
	Clutch 
	steel 37
	ø60 * 45
	2

	2,5,6,10,11and14
	Cap   
	steel 37
	ø70 * 20
	6

	3 og 12
	Shaft
	steel 37
	ø30 *220
	2

	7
	Shaft
	steel 37
	ø30 *160
	1

	4
	Gear wheel
	steel 37
	ø50 * 35
	1

	8
	Gear wheel
	nylon
	ø110 * 35
	1

	9
	Gear wheel
	nylon
	ø100 * 35
	1

	13
	Gear wheel
	steel 37
	ø60 * 35
	1

	16 og 18
	Side for gearbox
	steel 37 polished
	15 * 150 * 275
	2

	17 og 21
	End plate for gearbox
	steel 37 polished
	15 * 150 * 155
	2

	19
	Top plate
	steel 37 polished
	15 * 150 * 295
	1

	20
	Bottom cap
	steel 37 polished
	15 * 150 * 355
	1

	
	Spring
	Key steel
	6 * 6 * 200
	1

	
	Ball bearing
	
	SKF 6003
	6

	
	Seger ring
	A 17
	
	

	
	Oil packing ring
	16287
	
	

	
	Hollow point screws
	
	M 8 * 8
	4

	
	Allen key screw
	
	M 6 * 20
	20


[image: image10.wmf]
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Projecting of the gearbox                           

As seen from the previous e-mails with enclosures, a gearbox consisting of 21 components had to be produced.       

Each sub-supplier was responsible for a “random” choice of components.                                      

The only help was a (moreover insufficient) assembly drawing and a list of raw materials.

A third party might think that there is not much room for independent creativity with these conditions.            

The central point in this project has however not been the creative process, but the use of information technology in a co-operation among sub-suppliers around a common product.    

It was important for us that the project would not break down in time consuming practical problems, by being too open.         

On the other hand there also had to be ways of presenting problems that demanded a lot of communication.

The raw material list made collective buying  possible, and meant that the holding companies could make sure that the necessary materials always were available, according to the later dividing of the production assignments.                                          

The assembly drawing was without measurements and showed nothing but a principle sketch.

How were the bearings to be build into the gearbox?

Which fittings were to be chosen?

What should the centre distance be to make the gear wheel fit together?

How could you make the box itself stable and build it together?

And so on.

There were many questions to be answered and the exact measurements had to be agreed upon among the 4 sub-suppliers.

Data on ball bearings, fitting rings a.s.o. were found on a CD-ROM ordered from the relevant companies, as they had not put the relevant data on the Internet.

3 days were set aside in order to establish the construction and 3 days for the necessary work with drawings, including working out of measuring charts and operational descriptions.

An important part was to make a simulated assembly of the gearbox. 

In auto-cad it is possible to put the drawings of each component together in one joint drawing.    

One of the sub-supplying companies (the one belonging to the holding company)  got the assignment to make this so called w-block simulation.                                  

That means that the 3 other sub-suppliers send their drawings electronically via the sectornet so that it could be shown whether the components fitted together.  

Not until after this the drawings would be approved of and sent to the holding company.

Production of the gearbox:         

The next e-mail from the holding company informed them of what components should be produced by each sub-supplier.

Like in the introduction course the work was done by someone else than the one who had made the production preparations.    

5 components of each kind had to be produced, so each holding company + the 4 sub-suppliers could end up with each their gearbox.                  

About 10 days were reserved for the production.

The more precise planning of the production -utilisation of the machine capacity - sharing of the work - CNC-programming - operational descriptions and so on was of cause the sub-suppliers’ own responsibility

Assembly of the gearbox

Contrary to the introduction project we had chosen the assembly to be made by a meeting of the students in the 4 co-operating sub-supplying companies at the school where their holding company belonged.

Those who had to cross the Great Belt arrived the evening before the big day where it would show whether the co-operation could stand the tests.                                                       

After being welcomed by the headmaster of the school, and a cup of coffee, the programme for the assembly day was gone through. (enclosure 9.6)
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	First point was the entry control of the workpieces which was made by the group which had made drawings to the particular pieces.

On the picture you see students from Hillerød Technical School control measuring the components produced by students from Fredericia Technical School. 

Control measurements are added the charts the Fredericia-group had brought with them, duly filled in.

See an example in enclosure 9.9
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	The components were afterwards divided into 4 material boxes and the students could go to the workshop to assemble the gearboxes.

This happened in 4 groups put together of 4 students from each sub-supplying company.

Everybody in the group had part of the gearbox, and everyone was really exited whether the parts fitted together.

On the picture you see students from Hillerød, Herning and Fredericia/Middelfart half through the assembling.
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	The assembly of the gearbox was at all the school accomplished within the 3 hours.          

One single group had big problems and had to take it all apart an start all over again before they succeeded.

It was a pleasure to see the engagement put into the work, and the pride which showed as it turned out that the parts fitted together and the finished product began to take shape.  
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	A few of the gearboxes had a little too much resistance in the gear wheels, but Tommy from Haderslev could with the help of a heavy duty drilling machine make the gearbox work.

Ib Uldal and Flemming Lysemose from Haderslev watch with an air of satisfaction.


The day ended with a thorough evaluation for which a full questionnaire was made about all the phases of the project.                    

The questionnaire provided a basis for an oral debate lasting an hour on the experiment. See the result in part 6.3      
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	The students are filling out the questionnaires.                   

On the table in the middle you see the results of 4 weeks of intensive work:

4 gearboxes which all worked.      


The teacher group in Haderslev forms a holding company with 4 sub-suppliers, which are the A-groups across the 4 schools. In the same way 3 similar but mutual independent groups are formed round the groups B, C and D.                         
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