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Höhere technische Lehranstalten mit Abteilungen für „Maschineningenieurwesen“
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Burgenland/Burgenland:
HTBLA Eisenstadt, Bad Kissingen-Platz 3, A-7000 Eisenstadt, Tel. +43-(0)2682-64605
HTBLA Pinkafeld, Meierhofplatz 1, A-7423 Pinkafeld, Tel. +43-(0)3357-424911-12

Kärnten/Carinthia:

HTBLA Ferlach, Schulhausgasse 10, A-9170 Ferlach, Tel.+43-(0)4227-23 31 - 12
HTBLA Klagenfurt, Lastenstraße 1, A-9020 Klagenfurt, Tel. +43-(0)463-31605

HTBLA Wolfsberg, Gartenstraße 1, A-9400 Wolfsberg, Tel.+43-(0)4352-48 44-15

Niederösterreich/Lower Austria:

BFS Langenlebarn, Fliegerhorst, 3425 Langenlebarn, Tel.+43-(0)2272/623 700

HTBLA Hollabrunn, Dechant-Pfeifer-Straße 1-3, A-2020 Hollabrunn, Tel. +43-(0)2952-33610

HTBLVA Mödling, Technikerstraße 1-5, A-2340 Mödling, Tel. +43-(0)2236-408

HTBLA Waidhofen a.d. Ybbs, Im Vogelsang 8, A-3340 Waidhofen a.d.Ybbs, Tel. +43-(0)7442-52590

HTBLVA Wr. Neustadt, Dr.-Eckener-Gasse 2, A-2700 Wr. Neustadt, Tel. +43-(0)2622-27871

Oberösterreich/Upper Austria: 

HTBLA Linz, Paul-Hahn-Straße 4, A-4020 Linz, Tel. +43-(0)732-770301
HTBLA Neufelden, Höferweg 45, A- 4120 Neufelden, Tel. +43-(0)7282/5955

HTBLA Steyr, Schlüsselhofgasse 63, A-4400 Steyr, Tel. +43-(0)7252/729 14

HTBLA Vöcklabruck, Bahnhofstraße 42, A-4840 Vöcklabruck Tel. +43-(0)7672/25 6 05

HTBLA Wels, Fischergasse 30, A-4600 Wels, Tel. +43-(0)7242-65801

Salzburg/Salzburg: 

HTBLA Hallein, Davisstraße 5, A-5400 Hallein, Tel. +43-(0)6245/804 62-29
HTBLA Saalfelden, Almer Straße 33, A-5760 Saalfelden, Tel. +43-(0)6582-72568

HTBLA Salzburg, Itzlinger Hauptstraße 30, A-5022 Salzburg, Tel. +43-(0)662-453610

Steiermark/Styria:

HTBLA Kaindorf, Grazerstraße 202, A-8430 Kaindorf, Tel. +43-(0)3452/74 100

HTBLA Weiz, Dr.-Karl-Widdmann-Straße 40, A-8160 Weiz, Tel. +43-(0)3172/45 50

HTBLA Zeltweg, Hauptstraße 182, A-8740 Zeltweg , Tel. +43-(0)3577/24 500-0

HTBLA Graz, Ibererstraße 15-21, A-8051 Graz, Tel. +43-(0)316/60 810

HTBLA Leoben, Max-Tendler-Straße 3, A-8700 Leoben, Tel. +43-(0)3842/448 88

Tirol/Tyrol:

HTBLA Fulpmes, Waldraster Straße 21, A-6166 Fulpmes, Tel. 43-(0)5225/622 50

HTBLA Jenbach, Schalserstraße 43, A-6200 Jenbach, Tel. 43-(0)5244/627 31 

HTBLVA Innsbruck-A, Anichstraße 26-28, A-6020, Tel. 43-(0)512-59717

HTL Lienz, Linker Iselweg 20, A-9900 Lienz, Tel. 43-(0)4852/627 26

Vorarlberg/Vorarlberg:

HTBLVA Bregenz, Reichsstraße 4, A-6900 Bregenz, Tel. +43-(0)5574-42125
Wien/Vienna:

HTBLA Wien-1, Schellinggasse 13, A-1015 Wien, Tel. +43-(0)1-51579

HTBLA Wien-10, Ettenreichgasse 54, A-1100 Wien, Tel. +43-(0)1-601110

HTBLA Wien 4, Argentinierstraße 11, A-1040 Wien, Tel. +43-(0)1-5058339

HTBLVA Wien-TGM, Wexstraße 19-23, A-1200 Wien, Tel. +43-(0)1-33126




CURRICULUM OF THE SECONDARY COLLEGE FOR MECHANICAL ENGINEERING

Program codes:

8421...Machinery and Plant Technology

8422...Automation Technology

8423...Transport Vehicle Engineering

8424...Production Engineering

8425...Aeronautical Engineering 

8424...Metallurgy

8427...Techn. Building Installation and Energy Supply

8428...Environmental Technology

8429...Weapon Technology

I. TIMETABLE 1)
(Total number of lessons and number of weekly lessons of the different subjects)

_____________________________________________________________________________

A. Compulsory Subjects
Lessons per Week

Teaching








Assign-


Year
Sum
ment


1
2
3
4
5

Group

 1.  Religious instruction .................................................
2
2
2
2
2    
10
(III)
 2.  German  ...................................................................  
3
2
2
2
2
11
(I)
 3.  English .....................................................................
2
2
2
2
3
11
(I)
 4.  History and Political Education .................................
-
-
-
2
2
4
III
 5.  Physical Education....................................................
2
2
2
1
1
8
(IVa)
 6.  Geography and Economics........................................
2
2
-
-
-
4
(III)
 7.  Economy and Law ....................................................
-
-
-
2
3
5
III
 8.  Applied Mathematics ...............................................
4
3
4
3
-
14
(I)
 9.  Descriptive Geometry 2)...........................................
2
2
-
-
-
4
(I)
       
10. Applied Physics .......................................................
3
2
-
-
-
5 
 (II)
11. Applied Chemistry and Ecology ...............................
3
2
-
-
-
5
  II
12. Applied Computer Science .......................................
-
2
2
-
-
4
   I

13. Mechanics 2)............................................................
2
2
2
2

2

10
 
(I)

14. Production Engineering............................................
2
2
-
-

-


4

  I

15. Machine Components ..............................................
-
2
2
-

-


4
 
 
I

16. Electrical Engineering and Electronics ....................
-
2
2
2

-


6
 

I


17. Construction Exercises and Product Development ..
3
2
3
3

4


15

   I

18. Laboratory ..............................................................

-
-

-
3
3

6


I
19. Workshop ...............................................................

9
8

-
-
-
          17
(Va)


Compulsory subjects of school-autonomous

special training focuses

in compliance with Section B ........................................
-      -
      16
         15
17        48

Total number of lessons per week .................................    39
    39     39          39     39       195

_____________________________________________________________________________________________
                                                                                                              Lessons per week 
        Teaching
B.  Compulsory subjects of school-autonomous




                      Assign-
    special training focuses 



                                    ment 
                                                                                                                3        4          5         Sum     Group
_______________________________________________________________________________________________
B.1  Mechanical and Systems Engineering
1.1   Mechanics ..............................................................................
1
1
1
3
 (I)

1.2   Production Engineering ..........................................................
2
2
2
6
  I

1.3   Machine Components.............................................................
2
-
-
2
  I

1.4   Conveyance Technology and Technical Logistics ...................
2
2
-
4
  I

1.5   Hydrodynamic Machines and Systems ....................................
-
2
2
4
  I

1.6   Internal Combustion Engines 3)..............................................
-
-
3
3
  I

1.7   Power Engineering and Environmental Technology ..............
-
-
3
3
  I

1.8   Measurement- Control Technology ........................................
-
2
2
4
  I

1.9   Operational Technology ........................................................
-
2
-
2
  I

1.10 Construction Exercises..........................................................
-
1
1
2
  I

1.11 Workshop Laboratory ..........................................................
-
3
3
6
  III

1.12 Workshop ............................................................................
9
-
-
9
 (Va)

     Number of weekly lessons B.1 .................................................
16
15
17
48

B.2  Automation Technology

2.1  Mechanics.............................................................................
-
-
1
1
 (I)

2.2  Production Engineering ........................................................
2
2
2
6
  I

2.3  Machine Components ..........................................................
2
-
-
2
  I

2.4  Automation Technology ......................................................
3
2
3
8
  I

2.5  Process data processing 4)....................................................
-
2
3
5
  I

2.6  Operational Methods............................................................
-
2
3
5
  I

2.7  Machinery and Systems .......................................................
-
2
2
4
  I

2.8  Operational Technology.......................................................
-
2
-
2
  I

2.9  Workshop Laboratory .........................................................
-
3
3
6
  III

2.10 Workshop ..........................................................................
9
-
-
9
 (Va)

 Number of weekly lessons B.2 ...................................................
16
15
17
48

B.3  Motor Vehicle Engineering

3.1  Mechanics and Lightweight Construction ...........................
1
-
1
2
  I

3.2  Production Engineering ......................................................
2
3
2
7
  I

3.3  Motor Engineering..............................................................
-
3
2
5
  I

3.4  Motor Vehicle Engineering.................................................
3
2
2
7
  I

3.5  Machinery and Systems .....................................................
-
2
2
4
  I

3.6  Motor Vehicle Electrical Engineering and Electronics ......
-
-
2
2
  I

3.7  Measurement Technology, Open-Loop and 

       Closed-Loop Control Technology .....................................
-
2
2
4
  I

3.8  Operational Technology....................................................
-
2
-
2
  I

3.9  Construction Exercises......................................................
1
-
1
2
  I

3.10 Workshop Laboratory ......................................................
-
3
3
6
  III

3.11 Workshop ........................................................................
9
-
-
9
 (Va)

 Number of weekly lessons B.3 ................................................
16
15
17
48

                                                                                                            Lessons per week 
         Teaching
B.  Compulsory subjectsof school-autonomous




                      Assign-
    special training focuses 



                        Year                  Sum       ment 
                                                                                                               3         4          5                     Group 
_______________________________________________________________________________________________

B.4  Production Engineering

4.1   Mechanics ........................................................................
1
-
-
1
 (I)

4.2   Production Engineering ....................................................
2
3
3
8
  I

4.3   Machine Components........................................................
2
-
-
2
  I

4.4   Tool Engineering...............................................................
-
2
3
5
  I

4.5   Equipment Engineering and Operational Methods ............
2
2
2
6
  I

4.6   Power Engineering and Environmental Technology...........
-
-
3
3
  I

4.7   Measurement and Control Technology .............................. 
-
2
2
4
  I

4.8   Operational Technology ....................................................
-
2
-
2
  I

4.9   Construction Exercices .....................................................
1
-
1
2
  I

4.10 Workshop Laboratory........................................................
-
3
3
6
  III

4.11 Workshop . .....................................................................
9
-
-
9
 (Va)

Number of weekly lessons B.4 ................................................
16
15
17
48

B.5  Aircraft Engineering

5.1   Mechanics and Lightweight Construction ...........................
1
2
4
7
  I

5.2   Production Engineering.......................................................
2
2
-
4
  I

5.3   Machine Components..........................................................
2
-
-
2
  I

5.4   Aircraft Construction .........................................................
2
2
2
6
  I

5.5   Engines ..............................................................................
-
2
4
6
  I

5.6   Navigation, Flight Measuring and Air Traffic ....................
-
2
3
5
  I

5.7   Measurement Technology, Open-Loop and 

        Closed-Loop Control Technology ......................................
-
2
2
4
  I

5.8   Laboratory . .......................................................................
-
-
2
2
  I

5.9   Workshop Laboratory.........................................................
-
3
-
3
  III

5.10 Workshop .........................................................................
9
-
-
9
 (Va)

 Number of weekly lessons B.5 .................................................
16
15
17
48

B.6  Metallurgy

6.1  Technology of Materials ....................................................
2
2
2
6
  I

6.2  Heat Technology and Energy Management .......................
2
2
-
4
  I

6.3  Metallurgy  .......................................................................
3
2
5
10
  I

6.4  Machinery and Systems in Iron and Steel Works ..............
2
3
4
9
  I

6.5  Ceramics and Refractory Materials ...................................
-
2
2
4
  I

6.6  Measurement - Control Technology ..................................
-
2
2
4
  I

6.7  Operational Technology.....................................................
-
2
-
2
  I

6.8  Laboratory.........................................................................
-
-
2
2
  I

6.9  Workshop .........................................................................
7
-
-
7
 (Va)

 Number of weekly lessons B.6 ................................................
16
15
17
48

                                                                                                                 Lessons per week 
          Teaching
B.  Compulsory subjectsof school-autonomous




                        Assign-
    special training focuses 



                          Year                Sum       ment 
                                                                                                               3         4          5                       Group 
_______________________________________________________________________________________________

B.7  Technical Facility management

     and Energy Planning

7.1  Structural Engineering .....................................................
2
2
-
4
  I

7.2  Mechanics ........................................................................
1
-
-
1
 (I)

7.3  Building Engineering Machinery ......................................
-
-
3
3
  I

7.4 Heating, Air-Conditioning and  

       Refrigeration Technology 5)..............................................
2
4
3
9
  I

7.5  Sanitation and Water Supply Systems ...............................
2
2
2
6
  I

7.6  Energy Planning 5)............................................................
-
-
3
3
  I

7.7  Measurement -Control Technology ...................................
-
2
2
4
  I

7.8  Operational Technology.....................................................
-
2
-
2
  I

7.9  Construction Exercises ......................................................
-
-
1
1
  I

7.10 Workshop Laboratory ...................................... ................
-
3
3
6
  III

7.11 Workshop ........................................................................
9
-
-
9
 (Va)

 Number of weekly lessons B.7 ................................................
16
15
17
48

B.8  Environmental Technology

8.1  Applied Chemistry, Biology and Ecology .............................
3
-
-
3
  II

8.2  Production Engineering and Machine Components ..............
2
-
-
2
  I

8.3  Installation Building and Domestic Installations ..................
-
2
3
5
  I

8.4  Process Engineering.............................................................
-
2
2
4
  I

8.5  Power Engineering and Environmental  Technology ...........
2
4
4
10
  I

8.6  Operational Technology and Safety Engineering .................
-
2
2
4
  II

8.7  Measurement -Control Technology .....................................
-
2
2
4
  I

8.8  Construction Exercises .......................................................
-
-
1
1
  I

8.9  Laboratory ..........................................................................
-
-
3
3
  I

8.10 Workshop Laboratory ........................................................
-
3
-
3
  III

8.11 Workshop ........................................................................
9
-
-
9
 (Va)

 Number of weekly lessons B.8 ................................................
16
15
17
48

B.9  Weapons Engineering

9.1  Mechanics ........................................................................
1
-
-
1
 (I)

9.2  Production Engineering ....................................................
2
2
2
6
  I

9.3  Weapons Engineering.......................................................
2
3
4
9
  I

9.4  Munitions, Ballistics and Firearms....................................
2
2
3
7
  I

9.5  Machinery and Systems ...................................................
-
-
2
2
  I

9.6  Measurement Technology, Open-Loop and 

     Closed-Loop Control Technology ......................................
-
2
2
4
  I

9.7  Operational Technology...................................................
-
2
-
2
  I

9.8  Construction Exercises ....................................................
-
1
1
2
  I

9.9  Workshop Laboratory ......................................................
-
3
3
6
  III

9.10 Workshop ......................................................................
9
-
-
9
 (Va)

 Number of weekly lessons B.9................................................
16
15
17
48

____________________________________________________________________________________________

Mandatory work placement ..................................... Minimum of 8 weeks during vacation before 5thyear

____________________________________________________________________________________________
                                                                                                  Lessons per week 

         Teaching
C.  Optional subjects, 








         Assign-
    non-obligatory exercises 



             Year 


         ment  
    Tutorials  



                       1       2         3          4         5
         Group 
____________________________________________________________________________________________
C.1 Optional Subjects

    Communication and Presentation

    Techniques.....................................................
2
2
2
2
2

  II
    Second Modern Language 6) .........................
2
2
2
2
2

 (I)


C.2 Non-Obligatory Practice

    Physical Education........................................
2
2
2
2
2

  (IVa)

C.3 Tutorials  
    German

    English

    Applied Mathematics  
    Relevant theoretical compulsory subjects

1)
Within the framework of Section III deviations from the subject table are permitted by school-autonomous provisions for curricula.

2)
In combination with practice of 1 weekly lesson in one of the years as specified by the curriculum.

3)
Including reciprocating pumps, piston compressors and systems.

4)
In combination with practice of 1 weekly lesson in Electronic Data Processing in the 4th and 5th years.

5)
Including Thermal Systems

6)
The name of the language must be mentioned in official papers.

7)
Parallel to the respective compulsory subjects up to 16 lessons per academic year; classified in the same way as corresponding compulsory subject.

II. GENERAL EDUCATION OBJECTIVES

Within the framework of the Austrian school system Secondary Technical and Vocational Colleges are designed to provide students with both general education and vocational training, which 

-
will enable them to pursue a highly qualified occupation and carry on a business in trade and industry.

-
grants university access.

In order to meet the needs and requirements of everyday and professional life and in order to be prepared for the challenge of an academic career the graduate of a Secondary Technical and Vocational College will be equipped with professional skills ( theoretical and practical knowledge of business-relevant and related topics), methodical competence (capability of gathering information, planning solutions to problems and selecting and applying suitable methods.), social consciousness (ability of co-operation, communication and working in teams) and individual creativity (capacity to organise his personal and professional life and his own personality actively, to show self-initiative and interest in further education ).

In accordance with this comprehensive conception of competence the graduate of a Secondary Technical and Vocational College will acquire the following qualifications:

-
He will get a sound engineering knowledge up to date required for everyday and professional life and an academic career. He will know business-relevant legal regulations, standards and practices and be able to employ and operate commonly used devices.  

-
He will observe and evaluate routines, facts, processes and strategies and be able to describe them in correct German and in at least one foreign language, written and orally.He will also be able to represent them by symbols used in mathematics and information science. The graduate will further be able to gain information from the media, evaluate it critically and relate it to other ideas.

-
He will gain an insight into processes of political and managerial economy and will be informed about business administration and law, which will enable him to pursue a trade, a craft or a career in industry. He will further be able to further develop and utilise his skills in business life.

-
He will be provided with fundamentals of engineering and science, basic concepts of mathematics and science in order to be ready to deal with issues relevant to everyday life and ecology. Complementary to business training he will further develop general interdisciplinany skills.

-
He will be prepared to participate in public and cultural life; he will declare himself to co- and self- determination in democracy and show responsibility in the presence of ecological and political changes by standing up for international understanding, professional ethos, a critical attitude towards consumption, environmental protection and a conduct of partnership and devote his life to these values. He will recognise the meaning of co-operation within the European Union and with other countries.

-
He will support a concept of proficiency consistent with society and environment and preserve this proficiency and health by his own attitude towards the way of life, leisure culture and further education. He will be ready to apply these principles to his staff, and foster them by an open management style.  

In the sense of general education schools have to face additional tasks which are summarised in teaching principles. Among them are: Health, media and sexual education, political awareness, an acceptance of the equality between men and women, concern for the environment, traffic concepts, a comprehensive national defence as well as an education concerning economy and consumption.

Subject-relevant training objectives:

The Secondary College for Mechanical Engineering provides the student with the theoretical and practical principles of mechanics, production engineering and construction with the emphasis on machinery and systems.  Additional attention is also paid to electrical engineering, measurement technology and open-loop and closed-loop control technology.  The course also provides the student with the operational technology expertise he will need in his professional life.  In the last three years of the course, particular emphasis is placed on product development based on technical drawing and the design and application of CAD/CAM methods.

General specialist training is underpinned by nine alternative special training focuses:

-
In the Machinery and Systems Engineering special training focus the student will receive broad, practical training in major areas of mechanical engineering such as drive technology and technical logistics, hydrodynamic machines, internal combustion motors and power engineering and environmental technology. Particular attention is paid to the student's ability to independently plan, design and calculate individual components and complex systems.

-
In the Automation Technology special training focus, the student will receive broad training in sensors, actuators, equipment and programs for the further processing of their signals in the form of a basic introduction into the calculation and design of machinery components.  The student will work on independent projects in which he will obtain advanced knowledge of the design and elaboration of complex process control and process automation systems.

-
In the Motor Vehicle Engineering special training focus the student will obtain broad training in the core fields of mechanical engineering as well as in motor engineering, motor vehicle engineering, lightweight construction, construction and relevant fields of electrical engineering and electronics. In addition to road vehicles, the student will study other means of transport and types of vehicle as well as transport logistics.

-
In the Production Engineering special training focus the student will receive broad training in the fields of materials technology and materials testing in mechanical engineering and economical manufacturing methods.  Emphasis will be placed on tool and equipment engineering and operational methods.

-
In the Aircraft Engineering special training focus the student will receive training in lightweight construction, aircraft construction, engine engineering, navigation and air traffic. Emphasis will also be placed on the costing, design and test stand simulation of aircraft engines and components.

-
In the Metallurgy special training focus the emphasis is on technological and economic aspects of the technologies of materials and metallurgy and special (refractory) materials.  This course also concentrates on the costing and design of machinery and systems in iron and steel works.

-
In the Technical Facility management and Energy Planning special training focus the emphasis is on the costing, planning and project execution of heating, air-conditioning, refrigeration, sanitation and water supply systems.  Energy planning and consultancy and sanitation and water supplies will also be looked at, taking particular account of environmental and economic conditions.

-
In the Environmental Technology special training focus the student will gain advanced knowledge in the core areas of alternative sources of energy, energy planning, chemistry and ecology as well as installation building, domestic installations and environmental protection technology.  Emphasis is currently on the application of technical solutions for the prevention of soil, air and water pollution and the accompanying measurement technology and process engineering.

-
In the Weapons Engineering special training focus the student will be trained in Firearms optics with optical and electronic target and surveillance systems, ballistics and munitions theory as well as the evaluation of dispersion patterns and the recording of firing procedures on the basis of measurement technology. The course focusses on the calculation and design of hunting and sports weapons, pistols and semi- and fully automatic weapons. 

Graduates in this field will be qualified to work in the design, manufacture, commissioning, maintenance, sales and servicing of mechanical machinery and systems with the relevant open-loop and closed-loop control equipment.

III. SCHOOL-AUTONOMOUS PROVISIONS FOR CURRICULA, DIDACTIC PRINCIPLES

School-autonomous provisions for curricula allow schools to work out their own tables of compulsory subjects, which may deviate from the standard ones, provided the following provisions are considered:

1.
It is permitted to change the distribution of the total number of compulsory weekly lessons and their IIIa. General Provisions

School-autonomous provisions for curricula (School Organisation Law §6/1) grant schools independence in the organisation of subject-timetables and curricula-determined teaching-contents (syllabi of the different subjects) and in the choice of training and work forms as well as in the organisation of the training.

In order to make efficient use of these opportunities it is essential to be aware of the special needs and problems of the respective school or class at a certain location as well as the resulting ambitions and aims thereof. This independence requires the development of concepts which consider the needs of students, parents and teachers alike as well as the specific characteristics of the school.  

School-autonomous provisions for curricula must not only observe the extent of teachers´ weekly assignments provided but also institutional facilities such as rooms and equipment.

School-autonomous provisions for curricula have to consider training objectives concerning general education as well as occupation-oriented theoretical knowledge and practical skills. Within the framework of the Austrian school system they also have to provide students with the opportunity to transfer courses. 

IIIb. School-Autonomous Deviations from Subject-Tables

respective contents over the years.

2.
During the course the number of weekly compulsory subjects can be reduced by up to ten lessons a week, if - in return - additional compulsory subjects are introduced or the number of lessons of curricular compulsory subjects is increased to the same extent. This reduction is limited by the fact that compulsory subjects may only be reduced by one lesson a week. The reductions must not cause a complete loss of a compulsory subject in one year.

3.
In each year a compulsory subject can be combined with another methodically and content related compulsory subject to one comprehensive compulsory subject. The new name must refer to the names of the two subjects which the new subject derives from. 

4.
Instead of the compulsory subject English another modern language can be taught.

If paragraphs 1. or 2. are applied, special consideration has to be given to the fact that the total number of weekly lessons of the course must be preserved and that there must not be more than 40 lessons per week in any year.

School-autonomous provisions for curricula may establish extra-curricular optional subjects , non-obligatory practice lessons and tutorials as well as change the number of lessons for corresponding programmes provided by the curriculum.

IIIc. School-Autonomous Provisions for Training Focuses

If curricula include school-autonomous training focuses, these school-specific focuses have to be determined by school-autonomous provisions for curricula. Some focuses can be established as alternative compulsory subjects.

IIId. Provisions concerning Contents of Subjects and Classification of Subjects according to 

Teaching Assignment Groups
(1)
If extra-curricular subjects are created or if subjects for which the curriculum provides no contents are established within the framework of school-autonomous provisions for curricula, school-autonomous provisions for curricula have to contain relevant directions. If school-autonomous provisions for subjects provide an increase in the number of lessons, additional training and teaching aims, descriptions of contents and didactic principles may be defined. 

(2)
If additional subjects are created or existing subjects are changed subject-relevant training objectives of the curriculum and the following directions have to be observed.

Directions for Training and Teaching Aims:
The student will acquire general and subject-relevant competences which - under special consideration of regional requirements - emphasise and complete attitudes, knowledge and skills provided in other compulsory subjects.

Directions for Contents:

If contents include topics which cannot be covered by increasing the number of curricular lessons the following additional subjects have to be provided:

“Foreign Language“:

Another modern language whose organisation of contents and didactic principles is equivalent to those of the compulsory subject English. (Teaching assignment group I)

“Personality Training“:

Promotion of self-development by teaching offers concerned with general education, humanities and business practice. (For classification into teaching assignment groups see §7 of Teaching Assignment Law for federal teachers)

“Economy and Technology“:

Teaching programmes which emphasise economic training relevant to the specific technical field.( Teaching assignment group I for training areas management engineering, electronic data processing and organisation; otherwise teaching assignment group II)

“Law and Political Education“:

Teaching courses which stress political education and subjects concerning law with special regard to independent practice of trade. (Teaching assignment group III)

“Environment“:

Introduction to domains of general science in addition to technical-scientific education. (Teaching assignment group III)

“Special Theoretical Subject Training“: 

Supplementary courses with non-encyclopaedic syllabi. (Teaching assignment group I)

“Projects“:

Teaching offers which aim at interdisciplinary strategies within the domain under special consideration of theoretical and practical laboratory assessments. (Teaching assignment group I)

“General Theoretical Subject Training“: 

Introduction to engineering disciplines which are not focused on in the rest of the course. (Teaching assignment group II)

Directions for Didactic Principles:

Pedagogic concepts should foster the student´s ability to co-operate, his intellectual flexibility and his concern for his social, economic and ecological surroundings. Project teaching - even if involving students from different grades or block tuition- is recommended wherever possible.

DIDACTIC PRINCIPLES

IIIe. Preparations of Contents
In order to reach the general training objectives educational background of students have to be considered and the contents of the subjects have to be selected according to practical requirements of the subject field.

Sound knowledge of essential contents should be preferred to an overall outline. In order to foster motivation new topics have to be introduced with an orientation to practical problems. Cross- references within a subject and between subjects are essential for understanding the subject matter and for the development of interdisciplinary skills.

It is decisive for training success that subject matter is arranged clearly and according to the age of the students. Teaching - and understanding aids, especially those prepared by the teachers themselves, contribute to this success.

In order to provide the students with skills in due time and to avoid parallelisms teachers will have to work in teams. It is recommended to build up a network of related subjects in the form of co-ordinated content-distribution-plans.

As general education and training aims require training to be up to the state of the art, teachers are expected to improve their specific knowledge and skills continuously. The curriculum presents a directive framework for this purpose.

IIIf. Organisation of Lectures

Working on projects in groups simulates practice in business situations and emphasises the students´ communicative competence. The student will profit by the fact that his fellow students encourage and criticise his way of solving problems and his self analysis, which is essential for training progress and future professional work forms.

Excursions, field practice, lectures of industrial experts and work placement grant an insight into relations between technology and business organisation as well as into social aspects of professional life.

All lectures listed in the subject-table can partly or completely be given in block tuition (1 lesson per week corresponds to 40 lectures a year). 

Different themes of a subject can be taught by different teachers according to the teachers´ skills and special knowledge; teachers should aim at good co-operation with respect to their common assessment of the students´ proficiences.

For pedagogic and organisational reasons different subjects can be combined to form concentrated training units. (School Time Law 1985, §4/2, Federal Law Gazette 77, as amended) 

IV. SYLLABUS FOR RELIGIOUS INSTRUCTION LESSONS

.)
Roman Catholic Instructions


See promulgation of Federal Law Gazette 30/1984

b.)
Protestant Instruction


See promulgation of Federal Law Gazette 515/1991

c.)
Old Catholic Instructions


are generally given in groups according to the Law of Religious Instructions §7 as amended. Consequently the syllabus for the upper level of Secondary Academic Schools is to be applied.

d.)
Islamic Instructions


See promulgation of Federal Law Gazette 421/1983.

e.)
Israelite Instructions


Promulgation of Federal Law Gazette 88/1985 as amended shall analogously be applied.

f.)
New Apostolic Church Instructions 


See promulgation of Federal Law Gazette 269/1986. 

g.)
Instructions of The Church of Jesus Christ of the Latter Day Saints


See promulgation of Federal Law Gazette 239/1988. 

h.)
Syrian-Orthodox Instructions


See promulgation of Federal Law Gazette 467/1988. 

i.)
Greek-Orthodox Instructions


See promulgation of Federal Law Gazette 441/1991. 

j.)
Buddhist Instructions


See promulgation of Federal Law Gazette 255/1992. 

V. TRAINING AND TEACHING AIMS OF SUBJECTS;
DISTRIBUTION OF CONTENTS OVER THE YEARS

A. Compulsory Subjects

2. GERMAN

Training and Teaching Aims:

The student will

-
have command of the standard German language in speech and writing.

-
be able to make efficient use of means providing information on pronunciation, orthography grammar and style and gather relevant information on cultural and professional affairs.

-
be able to develop and master personal and professional communicative situations in speech and writing state and present facts adequately to addressee and situation and evaluate business-oriented texts independently and critically.

-
comprehend the quality of literary works, be able to evaluate it and gain an insight into the contents of other art forms.

-
understand the function of the media as institutions, economic factors as well as educational, entertainment and information facilities. Within the range of his activities he will further be capable of dealing with media consciously, critically and participatingly.

Contents:

1st   Year:

Correctness of Language:

Practice-oriented application of orthography and punctuation. Spelling and meaning of frequently used foreign words, technical terms. Language structures (identification, application).

Oral Communication:

Presentation of facts (that have been experienced, heard, seen or read) in standard language. Phone calls, reports, discussions.

Written Communication:

Practice-oriented textforms (report, summary curriculum vitae, letter of application). Creative text forms.

Literature, Art and Society:

Topics from the student´s experiences treated in literature and other art forms (themes, motifs, formal aspects, descriptions, explanations, evaluation of texts). Literary genres.

Media:

Mass media (kinds and functions); advertising and consumption; sources of information (reference books, institutions, use of libraries)

2nd Year:

Oral and Written Communication:

Presentation of facts and the course of events, characterisations, analysing, commentaries.  Presentation, making appeals, petitions, excerpts, minutes. Basic concepts of communication. Free creative writing.

Language Standards:

Training and improvement, orthography, punctuation, vocabulary and language structures.

Literature, Art and Society:

Society relevant topics in literature and other art forms (themes, motifs, formal aspects, description, explanation, evaluation of texts)

Media:

Styles in journalism and advertising. 

3rd Year:

Written and Oral Communication:

Argumentation, commentaries, subject-relevant reports, technical texts, statements, interviews, conversation and discussion techniques. Communication techniques. Creative writing.

Language Standards:

Training and improvement. Orthography, punctuation, vocabulary and language structures.

Literature, Art and Society:

History of civilisation up to the beginning of the 19th century (époques in the light of intellectual history). Text commentaries and evaluations.

Media: 

Creative criteria and means of manipulation of mass media.

4th Year:

Oral and Written Communication:

Speech and lecture. Analysing and comments. Written reports. Creative writing.

Language Standards:

Training and improvement. Orthography, punctuation, vocabulary and language structure.

Literature, Art and Society:

History of civilisation of the 19th century (époques in the light of intellectual history); evaluation of texts. Relations to other art forms.

5th Year:

Oral and Written Communication:

Job interview, letters of application, negotiations, debates, analysis and evaluation. Written report. Presentation techniques. Free writing.

Language Standards:

Training and improvement. Orthography, punctuation, vocabulary and language structures.

Literature, Art and Society:

History of civilisation of the 20th century (époques in the light of intellectual history); evaluation of texts. Commentaries on cultural works and contemporary developments.

Media: 

Evaluation of media contents, analysis of effects.

In each year two to four written tests, which may require one or more lessons.  

3. ENGLISH

Training and Teaching Aims:

The student will

-
be able to master general and business-relevant communicative situations in the foreign language by showing skills in listening and reading comprehension and speech and writing; emphasis is laid on communicative skills and understanding. 

-
will be able to transfer information precisely from his mother tongue into the target language and vice versa and comment on it.

-
will be able to deal with practical business events in speech and writing under special consideration of commonly used communication forms; he will also be able to join business-relevant group activities with English as a working language. 

-
will be able to employ technical tools for communication and information suitable for the specific situation and make use of modern presentation and moderation techniques.

Contents:

1st Year:

General Communication Topics:

Integration of previous experiences in communication; topics adequate to the student’s knowledge, skills and interests.

Business-Relevant Communication Topics:

Elementary technical facts of the subject discipline; basic scientific and mathematical concepts.

Vocabulary and Language Structures:

Integration of previously acquired skills. Repetition and supplementation of grammatical skills and vocabulary required for idiomatic expression in the fields of relevant communication topics.

2nd Year:

General Communication Topics:

Themes taken from the student´s social surroundings. Current issues.

Practice-Relevant Communication Topics:

Applications of scientific and basic technical subjects.

Vocabulary and Language Structures:

Extension of vocabulary and language structures required for expressing facts of relevant communicative themes.

3rd Year:

General Communication Topics:

Topics with special focus on Austria; current issues.

Practice-Relevant Communication Topics:

Products and processes of the subject area.

Vocabulary and Language Structures:

Training and improvement of vocabulary and language structure required for expressing facts of relevant communicative themes.

4th Year:

General Communication Topics:

Topics related to countries of the English speaking world and the European Community; current issues.

Business-Relevant Communication Topics:

Topics relevant to business administration and management engineering.

Vocabulary and Language Structures:

Complex contents of grammar and vocabulary.

5th Year:

General Communication Topics:

Topics of international relevance; current issues.

Business-Relevant Communication Topics:

Complex themes of business practice; business management and business organisation.

Vocabulary and Language Structures:

Applications of acquired structures and vocabulary; summarising survey.

In each year two to four written tests, which may require one or two lessons.

4. HISTORY AND POLITICAL EDUCATION

Training and Teaching Aims:

The student will

-
be provided with historical knowledge relevant to everyday and business life under special consideration of Austrian history and he will be able to make use of this in his political and social activities.

-
be able to gather and evaluate information required for an understanding of the contemporary situation of the world and the interactions of politics, economy and culture.

-
be able to analyse and assess contemporary political, social, economic and cultural situations and processes relying on historical models.

-
know the historical development of the branch of trade he has been trained for and relate it to the general historical development as well as affirm the preservation of cultural heritage.

-
be prepared to participate actively in public and cultural life and show political and social responsibility; he will affirm the principles of the Austrian federal constitution and he will also be ready to meet different cultures and settle conflicts peacefully.

-
be informed about development tendencies of the contemporary society.

-
be conscious of environment and critical of consumption.  

Contents:

4th Year:

Classical Antiquity:

Cultural and scientific heritage (democratic tendencies, religious heritage).

Middle Ages:

Culture and society in feudalism; development in Austria (formation of Austrian lands); from the theocentric to an anthropocentric view of the world.

Early Modern Times:

Inventions and discoveries; economy (from feudalism to early capitalism); culture, society and science (Renaissance, humanism, reformation; foundation of modern territorial states); developments in Austria.

Age of Reason and the Civil Revolution:

Basic spiritual concepts, state theories, revolution and Restoration, foundation of the United States; Napoleon and Europe; nationalism and liberalism; (human rights, separation of powers, development of parliamentarism); Industrial Revolution and social issues; society, economy, culture, science and technology. Development in Austria. 

Age of Imperialism:

National unification endeavours; Europeanising of the world; Europe before the First World War; First World War; society (haute bourgeoisie, industrial society, women´s liberation); ideologies and political movements 

(mass parties, right to vote); economy, science (evolution), technology, culture; development in Austria.

5th Year:

Tendencies and Developments in the 20th Century - the Period before 1945:

Russian revolution. Reorganisation of Europe; totalitarian ideologies and systems (politics, persecution, resistance); crises of democracies; League of Nations; non-European developments; Second World War; society, economy, culture (inflation, world depression, governmental control, science, technology); development in Austria ( domestic and foreign policy of the First Republic, time of national socialism).

Tendencies and Developments in the 20th Century - the Period after 1945:

United Nations and international organisations; east-west-conflict (formation of blocks, political centres of conflict), unification of Europe (EEC, Council of Europe, European Community, European Economic Area, EU); de-colonisation and movement of the non-aligned countries; north-south-conflict; racism, alternative movements, terrorism, social conflicts; peace initiatives; society, culture, economy (economic growth and ecology, science, technology); developments in Austria (domestic and foreign policy of the Second Republic, neutrality, social partnership between employers and employed)

Contemporary Social and Political Developments:

Changes and conflicts in Eastern and Southern Europe. Nationalism. Migration and multicultural society. Political dimension of European integration.

Basic Concepts of Politics:

Democracy (direct and indirect democracy; parliamentarism). Formation of political will in democracy (elections, parties, representations of interest). Areas of the Austrian political system. International politics. Basic constitutional rights, rights of freedom and human rights.

5. PHYSICAL EDUCATION

See Federal Law Gazette 37/1989.
6. Geography AND economics 

Training and Teaching Aims:

The student will

-
be provided with regional and global topographic knowledge relevant to business and leisure time.

-
be able to gather, evaluate and present information necessary for the investigation and assessment of living spaces.

-
display a knowledge in economic geography.

-
be able to explain geofactors and comment on their networking in ecological and economic systems.  

-
be informed about the limitations of the earth´s resources and be able to explain the conflicts caused by their exploitation and distribution.

-
be able to analyse individual and social demands for geographic space and recognise social aspects.

-
understand the meaning of regional development and area development planning for securing quality of life.

-
be ready to participate responsibly in the arrangement and preservation of living space. 

Contents:
1st Year:

Landscape and Human Ecology:

Ecological structure of economy concerning geofactors; regional belts of the earth; interaction between ecosystems and working human beings.

Population:

Representation of processes concerning population; demographic structures and processes; limits of capacities.

Social and Economic Orders:

International economy; global interactions; alliances (EU and non-European alliances).

2nd Year:

Developing Countries:

Features; problems, development theories and strategies.

Industrial countries:

Sectoral change; urbanisation; economic regions; regional development and area development planning.
7. ECONOMY AND LAW

Training and Teaching Aims:

The student will

-
be aware of  the meaning of managerial economic considerations and concepts of political economy for the subject area.

-
know legal regulations relevant to business administration and apprenticeship training. 

-
know the fundamentals of business accounting and contracting.

-
know civic and constitutional principles and attitudes and be able to practise them.

Contents:

4th Year:

Political Economics:

Economic systems, Austrian economic order; production factors; market and price; money and currency; economic situation and growth; budget policy; income and consumption; foreign trade and balance of payment; international economy, European integration, bilateral economic relations, development aid.

Accounting:

Fundamentals of double entry book-keeping, internal index figures.

Law:

Outline of essential legal sectors. Fundamental concepts of the Civil Code with special focus on contracting business; payment transactions, cheque and exchange law. Basic concepts of trade law, principles of private law, environmental law and European law

5th Year:

Accounting:

Fundamentals of cost accounting (full and variable costing) in trade and industry. Controlling.

Labour Legislation and Social Law:

Basic concepts of labour legislation and social insurance law. Fundamentals of personnel accounting. Legal, pedagogic and psychological basics of apprenticeship training.

Management and Entrepreneurial Law:

Basics of planning and control, organisation; sale, supply, logistics, in-plant training and further education. Financing. Commercial law, insurances against possible risks, insolvency law, tax law.

Austrian Legal System and Federal Constitution:

Basic concepts of federal constitution ( democratic, republican, constitutional state and federal principles, separation of powers). Parliament, federal government, federal president. Legislative of confederation and federal counties, administration (organisations, autonomous corporations), judicature (instances, legal proceedings), checks of public authority,(parliamentarian checks, supreme courts, people´s advocate, court of audit), written and practised constitution.   

5th Year:

See Appendix 1 with the following amendments;

The subject "Company Management and Company Law" will be replaced by:

"Company law:

Principles of Industrial, Commercial, Insolvency and Tax Law".

Additional subject in the „Aircraft Engineering“ special training focus:

"Aviation Law: 

Provisions on the testing, licensing, operating, maintenance and repair of aircraft, aviation equipment and airports.  National and international aviation organisations".

8. APPLIED MATHEMATICS

Training and Teaching Aims:

The student will

-
be aware of  the meaning of managerial economic considerations and concepts of political economy for the subject area.

-
know legal regulations relevant to business administration and apprenticeship training. 

-
know the fundamentals of business accounting and contracting.

-
know civic and constitutional principles and attitudes and be able to practise them.

Contents:

1st and 2nd Year:

See Appendix 1.

3rd Year:

Analysis:

Sequences, limits, continuity.  Differentiation (difference and differential quotient, rules for differentiation, applications); integration (definite and indefinite integral, integration of elementary functions, applications).

Numerical Mathematics:

Error approximation and propagation: problems of conditioning; numerical methods for the solution of equations, numeric integration. Interpolation.

Linear algebra and analytic geometry: matrices (operations and applications), determinants.  Straight lines and planes; conic sections in central position.

4th Year:

Analysis: power series.  Common differential equations (first degree differential equations; vibration equations).

Theory of probabilities and statistics:

Discrete and continuous distributions, inductive statistics (estimation of parameters, significance tests).  Correlation analyses (correlation, regression).

Statistical methods of quality management:

Normal distribution, test distributions, random samples.  Evaluation procedures.

Current issues of applied mathematics with special focus on the subject discipline.

3rd and 4th Year:

Specific applications of the discipline: use of practice-relevant calculation aids, computer-aided mathematical assignments.

Four written tests per year.

9. DESCRIPTIVE GEOMETRY

Training and Teaching Aims:
The student will

-
be able to identify the structure of an object represented in different views, evaluate the information of the drawing and make use of it in his design.  He will also be able to sketch three-dimensional layouts by hand.

-
be able to identify geometrical forms of technical objects according to the requirements of the subject discipline and put them down in a construction drawing and express his own technical and constructive ideas in drawings using suitable methods of illustration.

-
be able to split construction processes into smaller units by using adequate models and develop algorithms for solution;

-
be acquainted with the generation of subject-relevant curves, area and solids and the laws governing them.

Contents:
1st Year:

Three-dimensional co-ordinate system.

Methods of projection.

Projection of simple geometrical and technical solids as well as axonometry for practice in recognising an object from different views.

Design in related orthogonal projection:

Line segments and lines, plane figures and planes in central, projecting and general position; length of a line segment, size and shape of a projecting figure; projection of a line and an area; orthogonal position of lines and area; intersections of objects with plane surfaces with projecting areas.

2nd Year:

Design in related orthogonal projection:

Circle in central, projecting and general position.

Orthogonal axonometry of objects with plane and warped surfaces.

Areas of revolution.  Intersections of planes and areas of revolution.

Penetration.

Pitch surfaces.

3D designs and demonstrations.

10. APPLIED PHYSICS

Training and Teaching Aims:

The student will

-
know the mathematical terminology, theories and methods relevant to practice and further academic studies and will be able to apply them.

-
be able to analyse basic facts and proceedings of nature, technology and economy and describe them by mathematical models, find model solutions and evaluate them.

-
be able to employ mathematics as a tool for gaining information and for communication in business, engineering and science.

-
be able to present mathematical concepts and demonstrate algorithms.

-
be able to employ modern aids efficiently.

Contents:

1st Year:

General physics:

Meanings and methods in physics; international units (SI system).

Kinematics and dynamics:

Velocity, acceleration, composite motions.  Newton's laws, force, work, energy, momentum, power, efficiency.  Conservation theorems of mechanics.

Hydrostatics:

Pressure, buoyancy.

Thermodynamics:

Temperature, heat energy, heat transfer, thermal insulation, theorems of heat theory, diffusion.

Electricity and magnetism:

Electric and magnetic field; mechanisms of conduction; magnetic characteristics of materials; energy supply.

2nd Year:

Oscillations and waves:

Oscillations and waves in mechanics, optics and electromagnetism. Wave propagation.  Interference and diffraction.  Application of oscillations and waves in acoustics and optics.

Radiation:

Light and colour, spectra, emission and absorption of radiation. Solar energy, lasers, temperature radiation.

Fundamentals of quantum mechanics:

Wave-part-dualism, quantisation of energy, uncertainty principle, material waves.

Atomic and nuclear physics:

Structure of atoms and nuclei; radioactivity; fission, nuclear fusion. Effects of radioactive substances.  Radiation protection.  Application of radioactive substances.

11. APPLIED CHEMISTRY AND ECOLOGY

Training and Teaching Aims:

The student will

-
observe and describe proceedings as well as phenomena of nature and technology and relate them to special branches of chemistry.

-
know the concepts and methods applied in chemistry.

-
be able to comment on current scientific issues.

-
know the laws and methods of chemistry relevant to personal life and business practice and estimate dimensions; he will also display a knowledge in relevant chemical production and disposal technologies.

-
show responsibility in the exploitation of materials by considering ecological and health factors.

-
realise the opportunities and limitations of technological, economic and ecological assessments of products. 

-
recognise the meaning of soil, air, water and natural cycles as well as their changes caused by anthropogenous influences.

-
know how to gain further information.

Contents: 

1st Year:

Structures of Matter:

Pure substances, mixtures, elements, compounds, atomic models, nuclides, radioactivity, periodic system, chemical compounds, formula representation and nomenclature.

Chemical Reactions:

Reaction equations, energy budget, chemical balances, catalysis, stoichometry.

Types of Reactions:

Electrochemical series, Galvanic elements, electrolysis, corrosion, protection against corrosion.

Inorganic Basic Materials:

Production, use , cycles and residual utilisation.

Ecology: 

Ecosphere and ecosystems (air, water, soil), cycles, balances, pollution, environmental protection.

2nd Year:

Carbon:

Bond types, modification, inorganic carbon compounds, (oxides, carbon acid ), hydrocarbon, petroleum chemistry (petroleum, recovery, refining, products), hydrocarbon derivatives containing halogen, oxygen or nitrogen; macromolecules (natural substances and plastic materials), production, applications, residual utilisation.

Silicon:

Pure silicon, silicic acid, natural and technical silicates, organic silicon compounds, production, applications, residual utilisation, building materials.

Ecology:

Influence on ecosphere,(air, water, soil) in the surroundings of carbon and silicon processing plants, environmental analytics and measures of environmental protection in special examples.

12. APPLIED COMPUTER SCIENCE

Training and Teaching Aims:

The student will:

-
know the set-up, functioning and range of applications of electronic processing systems and how to operate them;

-
be able to select and use standard software for solving business problems;

-
be able to solve basic practical problems by means of higher level programming languages;

-
be able to retrieve and transfer information electronically;

-
be able to recognise the social impact of the use of electronic information processing.

Contents:

2nd Year:

Information processing systems:

Configuration, function, interaction of components.  Operating systems. Operation.

Standard software:

Word processing, spreadsheets.

Programming:

Solution of simple problems with algorithms.  Transformation into programs.

3rd Year:

Program development:

Software designing methods.  Structured programming, structural elements, data structures, objects.

Telecommunication engineering:

Networks, information retrieval.

Standard software:

Database applications; graphics; interaction of software packages.

Information technology and society:

Effects of computer science; data protection.

13. MECHANICS

Training and Teaching Aims:
The student will

-
master the theoretical principles of technical calculation and design in all areas of his specialist field;

-
recognise logical connections between mechanical calculations and apply these to subject-relevant problems.
Contents:

1st Year:

Statics:

Mass, force, gravitation, statical moment, opposite forces.  Two-dimensional system of forces (central two-dimensional system of forces, general two-dimensional system of forces, the resultant force and torque).  Deconstruction of forces into components, balance of forces.  Cut free.  Centre of gravity of lines, areas and solids.

Friction:

Static and sliding friction; bearing, rolling and rope friction.  Applications.

2nd Year:

Statics:

Truss construction  Three-dimensional system of forces 
Strength of materials:

Elastic solid body.  Types of load, types of stress, examples of load. Strength and permissible stress.  Simple stress calculations (pulling, pressure, shearing, surface pressure). Bending, torsion, states of stress, superposition of stresses. equivalent strain increment, fatigue strength, thermal stresses.

3rd Year:

Strength of materials:

Calculation of changes in shape under pulling, pressure, torsional and bending loads. 

Kinematics and dynamics:

Types of motion, quantities of motion, work sequences.  Translation, rotation, composite movement in a plane.  Absolute and relative motion. Fundamental principles of dynamics for the mass point and the rigid body. Mass moment of inertia.  Momentum.  Angular momentum.  Conservation principles (conservation of energy, momentum and angular momentum).  Work, energy, power, efficiency. 

4th Year:

Hydromechanics:

Concepts.  Properties of liquids.  Hydrostatics (pressure, buoyancy). Floating.  Continuity and Bernoulli's equation.  Viscosity.  Laminar and turbulent flows.

Thermodynamics:

Thermodynamic system.  State quantities and changes of state.  Application of the first main theorem of thermodynamics.  Ideal and real gases.  Second main theorem of thermodynamics.  Reversible and irreversible processes.

Heat transmission:

Conduction, convection, radiation.  Heat transfer.

5th Year:

Thermodynamics:

Mixed ideal gases and moist air (key quantities, changes of state).
Dynamics:

Mechanical oscillations, free and forced oscillations with and without damping.

Computer-aided methods in mechanics.

Interdisciplinary projects:

Practice-relevant tasks from all areas of mechanics.

Four written tests in years 1st to 4th and three in 5th grad.

14. PRODUCTION ENGINEERING

Training and Teaching Aims:

The student will:

-
have a thorough knowledge of the production processes for processing metals and other materials commonly used in his specialist field;

-
be able to assign suitable manufacturing processes to different machinery components and articles of daily use according to their shape, surface and materials;

-
be able to make a considered choice between these processes depending on the viability of their use;

-
be able to plan the use of tools, equipment and machinery for cutting and non-cutting methods of manufacturing and have a knowledge of the principles, methods and resources of automation and flexible production;

-
be acquainted with the opportunities and processes for avoiding, recycling and disposing of waste and hazardous substances which may arise in different production processes.

Contents:
1st Year:

Shapes and surfaces:

Shapes of workpieces and machinery components.  Measurement procedures.  Calibres. Technical surfaces (geometric shapes, appearances, key coarseness quantities).

Processes:

Master shapes (casting, sintering); joint technology (welding, soldering, glueing); re-shaping (rolling, forging, drawing, extruding, bending, deep drawing); shaping by cutting (turning, milling, drilling).

Materials:

Metallic materials (ferrous and non-ferrous materials; non-metallic materials.  Standard-compliant designations.

2nd Year:

Materials:

Structure.  Alloys.  Phase diagrams.  Heat treatment.

Material testing:

Destructive and non-destructive processes.

Surface treatment:

Mechanical procedures.  Coating techniques.

Plastics processing:

Preparation. Pressing, injection moulding, extruding (calendering, blow moulding). Casting, foaming, processing of glass-fibre-reinforced materials.  Tools. Machines.

15. MACHINE COMPONENTS

Training and Teaching Aims:
The student will

-
be able to calculate and design the most important components of machines and systems in a practice-related manner taking relevant standards and economic and ecological aspects into account.

Contents: 
2nd Year:

Connection elements:

Detachable connections with safety elements. Non-detachable connections.

Pipeline components:

Pipes (models and standard designations), pipe joints, fittings.

Design and calculation rules:

Welded and cast structures.

3rd Year:

Elements of rotational motion:

Axles, shafts; bearings; drive type fastenings.

Spring components:

Spiral springs, torsion springs, gas springs; silent components.

Elements of drive engineering:

Toothed wheels and gears, clutches.

16. ELECTRICAL ENGINEERING AND ELECTRONICS

Training and Teaching Aims:

The student will:

-
have a knowledge of the laws of electrical engineering and industrial electronics relevant to his specialist field as well as the types, methods of operation and operating performance of electrical equipment;

-
know and observe the relevant regulations, standards and safety measures.

Contents:

2nd Year:

Concepts;

Quantities and units.  Electrical and magnetic fields.  Kinds of current.

D/C engineering:

Current conduction in metals.  Concepts, laws, resistance circuits, sources of voltage and capacitors.

A/C engineering:

Concepts, characteristic values (peak, effective and mean rectifier values). A/C resistors.  Phasor diagram. Phase displacement.  Actual, idle and apparent power.  Circuits.  Three-phase D/C current.

Electrical installations:

Standards.  Circuit diagrams.  Protective measures.

Introduction to measurement technology.

3rd Year:

Electrical machinery:

Standard regulations.  Selection criteria.  Transformers, D/C machinery and asynchronous machinery (structure, method of operation and operating performance).  EMC.

Electronic components:

Passive and active components (structure, method of operation, characteristic curves, applications).  Power converter circuits.  Operational amplifiers. Optoelectronics.

4th Year:

Electric motor drives:

Calculation of performance, operating performance, selection criteria.  Control and regulation of electrical drives with electronic circuits.

Servo drives and stepping motors:

Structure, method of operation, actuation, operating performance; selection criteria.

Power converters:

Control, management, commutation.  Operation of rectifiers and inverted rectifiers; D/C chopper converters.  Frequency converters.  Simple circuits.

In the „Motor Vehicle Engineering“ special training focus the subject "Power Converters" will be replaced by:

"Electrical Engineering in Motor Vehicles:

Motor vehicle batteries, types of ignition, starter systems.  Pipeline systems. Application circuits in motor vehicle construction.  Electric vehicle drives."

17. Construction exercises and product development

Training and Teaching Aims:

The student will:

-
be able to solve, document and present design, construction and development tasks relating to his own special training focus with and without computer support, taking into account economic and ecological circumstances and production based on standard construction documentation;

-
be able to work independently as well as in groups and observe valid regulations and standards.

Contents:

1st Year:

Basic principles:

Plotters, manual and computer-aided drawing techniques, standards, dimensioning and labelling, tolerances and fits; surface finish indications.

Methods:

Sketching and representing simple technical bodies in the three main views and in standard axonometry in pencil and on computer.

Construction:

Working drawings of simple standard parts and components according to original drawings and model; bills of materials.

2nd Year:

Methods:

Task analysis, design, calculation and construction in the complete process.
Construction:

Individual components and simple sub-assemblies of basic connection elements.

3rd Year:

Methods:

Task and function analysis.  Working with standard sheets, manufacturer's data sheets and catalogues.  Large-scale designs.  Advanced CAD-  skills. Introduction to teamwork.

Constructions:

Constructions of individual components and sub-assemblies.

4th Year:

Methods:

Teamwork techniques and advanced methodical design; creativity methods as a foundation for design, calculation and construction. Technical description and documentation.  Working with computer-aided tools (word processing, spreadsheets, CAD, databases, specific calculation software).

Constructions:

Complex sub-assemblies from the student’s specialist fields.

5th Year:

Project phases:

Specifications; schedules and timetables; quotations; various construction methods, selection and evaluation of variations.  Construction strategies, costing.  Design variations; presentation of variations; final selection and comparison of quotations, contract award negotiations.

Project details:

Detailed elaboration of the variation selected; documentation and instructions; production and assembly planning.

Constructions:

At least one complex project which includes the main relevant compulsory subjects from the special training focus concerned.

18. LABORATORY

Training and Teaching Aims:

The student will:

-
be able to execute planning, measurement and testing tasks which arise in practical operations carefully and independently and critically evaluate the results;

-
be able to select the most suitable methods and devices for each task, taking quality and safety requirements into account;

-
be able to draw up and analyse examination reports and interpret the results.

Contents:

4th and 5th Year:

Methods:

Keeping of an exercise log and drawing up of a laboratory report. Quality awareness.  Protective measures.

Exercises for acquiring an advanced knowledge of economic, technical and scientific subjects in line with the student's level of maturity and education, particularly taking economic and ecological aspects into account.

Exercises relating to the compulsory subjects on the student's course and exercises relating to the compulsory subjects "Applied Computer Science", "Mechanics", "Production Engineering", "Machine Components", "Electrical Engineering and Electronics" as well as chemical-technological examinations.

19. WORKSHOP

Training and Teaching Aims:

The student will:

-
be able to operate and maintain the equipment, tools, machinery and working aids used in his specialist field economically;

-
be acquainted with the properties of the materials and auxiliaries used in his specialist field and how to handle and use them;

-
be able to produce relevant products according to standard-compliant drawings and circuit diagrams and carry out relevant practical activities;

-
be able to analyse working procedures and results in accurate technical terms;

-
be acquainted with and observe the relevant safety and accident prevention regulations and environmental provisions.

Contents:

1st Year:

Working methods:

Workshop practice, workshop rules, accident prevention; safety regulations, protective measures.  The keeping of records and work logs. Basic training relevant to the specialist field;

Basic training in mechanical engineering:

Skills (measuring, marking, centring, filing, grinding by hand, chiselling, sawing, counter-sinking, cutting threads by hand, shaving, stamping, grinding, fitting, rubbing by hand).  Drilling, turning, milling, mechanical thread cutting.

Sheet metal working and structural steel engineering:

Aligning, bending, riveting, bevelling, beading, chasing, cutting, soft soldering. Surface protection by painting.  Glueing.  Basic knowledge of common fittings.

Foundry pattern making:

Skills (measuring, marking, sawing, planing, drilling, mortising, punching, rasping, filing, slotting, polishing).  Methods of joining wood (bolting, glueing, joints, overlapping, rabbeting, riveting, mortising, dovetailing).  Preparing simple patterns from various materials.

Forging:

Open die forging, beating out, plating, sharpening, upsetting, punching, splitting, stepping aligning, bending, cropping, rolling, twisting, scrapping, drop forging.  Simple heating and hardening.

Plastics technology:

Processing of thermoplastic semi-finished products and duroplastic fibre-reinforced materials. Cutting procedures (sawing, milling, drilling, filing, turning). Welding and glueing techniques

2nd Year:

Mechanics workshop:

Front and contour milling.  Simple dividing attachment work.  Simple work on program-controlled milling machines and lathes.  Turning between centres with follow rests, face plates and arbors.  Production of internal and external threads, axial knurling, spring winding.  Simple work on programmed machinery.

Mould making:

Preparing simple models from various materials. Designing, preparation and testing of moulds.  Production of moulds by various techniques and processes.

Welding:

Safety regulations for the execution of welding work. Autogenous, electric and inert gas shielded arc welding (functioning and operation of welding equipment.  Butt, fillet and corner welds on various workpieces and in various positions, welding of metal plate and pipes); hard soldering, flame cutting.  Spot welding, structural steel work.

Assembly and installation technology:

Dismantling and assembly of machinery, sub-assemblies and devices.  Adjusting, testing and repairing.  Detection and repair of mechanical faults.  Finishing, laying and testing of hydraulic lines. Installation work.  Heating systems. Water supplies and pumps.

Electrical engineering workshop:

Low-voltage installations, finishing and laying of lines, production of connections.  Installation circuits.  Commissioning and maintenance of distribution, safety and switching equipment taking electrical and mechanical protective measures into account.  Commissioning of electrical equipment.

B. COMPULSORY SUBJECTS OF SCHOOL-AUTONOMOUS SPECIAL TRAINING FOCUSES

B.1 MECHANICAL ENGINEERING AND SYSTEMS ENGINEERING

1.1 MECHANICS

Extension and continuation of compulsory subject "Mechanics" in Section A.

Contents:

3rd Year:

See Section A onwards:

Strength of materials:

Plain stress.  Buckling.

Dynamics:

Elastic and inelastic collision processes.

4th Year:

See Section A onwards:

Hydrodynamics:

Flow friction.  Reynolds number.  Forces of flowing liquids.

Thermodynamics:

Real gases and vapours.

5th Year:

See Section A onwards:

Thermodynamics:

Flowing movement of gases and vapours.

Machinery dynamics:

Critical speed, vibration insulation.

1.2 PRODUCTION ENGINEERING

Continuation of compulsory subject "Production Engineering" in Section A.

Contents:

3rd Year:

Sheet metal working:

Cutting; bending, deep drawing.  Tools, machinery.

Separating:

Autogenous flame cutting, plasma cutting, laser cutting, liquid cutting.
Stripping:

Electroerosion.  Electrochemical stripping.

Cutting production:

Cutting geometry, formation and shapes of cuts, cutting forces, cutting materials. 

4th Year:

Cutting production:

Processes, areas of application.

Machinery:

Designs, mounts, guides, drives, linear axles, path measuring systems, gears; carrier plates (fixed, switchable).  Tool magazines, tool changers, clamps.

Tools:

Forms of cutting tools (turning, milling, drilling and grinding tools); process-specific characteristics (performance, stability, cut removal, cost).

Open-loop control systems:

Types of open-loop control system, programming.  Computer-aided programming methods.

5th Year:

Data entry and processing:

Machinery and operating data.  Technology, tool and machinery databases. DNC technology.

Selection of production processes:

Performance and quality optimisation.  Unit costs (influencing variables.  Serial and batch sizes); tool types and number (universal, form, multiblade and active tools).  Service life; repair; spares.

Interconnection of processing machines:

Interconnection structures.  Changing and clamping systems.  Performance and components.

Quality assurance:

Tasks, measures, quality control cards, random samples and evaluation procedures.

1.3 MACHINE COMPONENTS

Extension and continuation of compulsory subject "Machine Components" in Section A.

Contents:

3rd Year:

See Section A onwards:

Hydraulic and pneumatic systems:

Pressure; operating resources.  Hydraulic and pneumatic drives.  Components.

Elements of drive engineering:

Components, properties and behaviour of drive machinery.  Toothed gears, flexible drives, clutches.

1.4 CONVEYANCE TECHNOLOGY AND TECHNICAL LOGISTICS

Training and Teaching Aims:
The student will

-
be acquainted with the designs, operating performance, control and basic principles of the calculation and construction of components, machinery groups and supporting structures used in drive technology;

-
be acquainted with the fundamentals of technical logistics and be able to apply them in drive engineering systems.

Contents:
3rd Year:

Components:

Rope and chain drives, load take-up equipment, running wheels and rails, drives (motors, clutches, brakes, gears).  Safety equipment.

Machine groups and conveyance systems:

Lifting, driving, turning and rocking mechanisms.  Designs of cranes and lifting gear. Ascending conveyors and lifts.

4th Year: 

Supporting structures:

Types of supporting structure frameworks (solid web structures, frames and grids).  Components and connecting elements of supporting structures.

Basic principles of the dimensioning of statically determinate and indeterminate systems, aluminium supporting structures.

Logistics:

Stockholding, transport logistics, transport and storage systems in automated production.

Regulations:

Standards, statutory regulations.  Official procedures.

1.5 HYDRODYNAMIC MACHINES AND SYSTEMS

Training and Teaching Aims:
The student will

-
be acquainted with the design, structure, methods of operation, control and operating performance of hydrodynamic machines for liquids, gases and vapours, and with the calculation and design principles for these machines;

-
be acquainted with the technical, economic and ecological possibilities and limits of the use of hydrodynamic machines.

Contents:
4th Year:
Concepts and laws:

Characteristic quantities and figures, main equations and energy conversion.  Basic knowledge of hydromechanics, power, efficiency and laws of similarity.

Hydraulic hydrodynamic machines:

Set-up, structure, design calculations, hydraulic and stability calculations, operating performance and control of gyro pumps and water turbines.

5th Year:

Thermal hydrodynamic machines:

Set-up, structure, design and production calculations, operating performance and control of steam turbines, compressors and fans.  Set-up, operating performance and control of gas turbines.

1.6 INTERNAL COMBUSTION ENGINES

Training and Teaching Aims:
The student will

-
be acquainted with the designs, structure, method of operation, control and operating performance of internal combustion engines, reciprocating pumps and piston compressors and with the calculation and design principles of these machines;

-
be acquainted with the technical, economic and ecological possibilities and limits of the use of internal combustion engines and displacement devices.

Contents:

5th Year:

Concepts and laws:

Working procedures, comparison processes, indicator diagrams, performance and efficiency, fuels.

Construction principles:

Crank operation, cylinder arrangement, forces of gravity and mechanical balance.

Diesel and spark ignition engines:

Designs, components and their design calculations; mixture preparation, engine management, gas exchange, charging, ignition and exhaust gas (waste gas???); cooling and lubrication; application criteria (driving chart, minimisation of hazardous substances), operating performance and control.

Reciprocating pumps and piston compressors:

Designs, use, design calculations, operating performance and control.

1.7 POWER ENGINEERING AND ENVIRONMENTAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the structure, method of working and operating performance of energy processing               systems and their components;

-
be able to keep environmental pollution to a minimum and design environmentally friendly system concepts through the use of the corresponding processes;

-
be acquainted with methods for the prevention of air pollution and sewage treatment.

Contents:

5th Year:

Concepts and laws:

Stability calculations, calculation of the incineration procedure and heat transmission.  Calculation of heat exchangers.

Energy conversion systems and their components;

Heat exchangers; steam generators, thermal power stations. Combined heat and power generation. Forms of alternative energy (sun, wind, bio-grass, biomass), thermal pumps, special systems.

Exhaust air and gas treatment:

Dry separators, wet separators, adsorption and absorption systems, oxidation methods, catalytic methods.

Heating and air-conditioning technology:

Heating technology (individual heaters and central heating).  Ventilation and air-conditioning technology (air conduction, air distribution, humidification, noise insulation, heat recovery).

Sewage treatment:

Sedimentation, filtration, precipitation of unrequired substances, neutralisation, sewage treatment plants.

1.8 MEASUREMENT TECHNOLOGY, OPEN-LOOP AND CLOSED-LOOP CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, measurement convertors and transmission of measurements.

Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links.  Encoding.  Digital measuring processes (measuring processes for analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  Closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control:

Overview.   Actuators, servo components.

Process control technology and bus systems.

1.9 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation  and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models.  Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Basic principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing. Principles of TQM.

1.10 CONSTRUCTION EXERCISES

Extension and continuation of the compulsory subject "Construction Exercises and Product Development" in Section A.

Contents:

See Section A onwards:

4th  and 5th  Years:

Projects relating to the compulsory subjects "Production Engineering", "Conveyance Technology and Technical Logistics", "Hydrodynamic Machines and Systems", "Internal Combustion Engines" and "Power Engineering and Environmental Technology".

1.11 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

-
be able to process practical projects with the instruments of planning, cost accounting, production and quality assurance.

Contents:

4th Year:

Program-controlled machine tools:

CNC programs.  Special problems in cutting procedures.

Electrical engineering and electronics:

Connecting electrical machines.  Commissioning power consumers, measurement, switching and control devices.  Fault analysis in electrical and electronic devices and systems.

Open-loop control technology:

Elements of open-loop control technology, modules, basic logical functions, designing circuit diagrams, representation of work movements, path and time-dependent control systems.  Structure of open-loop control systems for pressurised pipes.

Production preparation:

Computer-aided work planning, work control and work assignements, production costing, statistical analysis.  Keeping of practice-related files; storage.

5th Year:

Program-controlled machine tools:

Manual and computer-aided programming; use of various tools on machines.

Open-loop control technology:

Recording and processing of signals, permanently wired and freely programmable open-loop control systems.  Working out of possible solutions for complex industrial control tasks.

Production measurement technology and quality assurance:

Measuring with mechanical and electrical length meters, calibres, measurement and profile projectors, surface roughness measurements; preparation of quality data; testing sequences, fault repair and prevention; quality reporting.

Production preparation:

Project-related subjects in line with the special training focus.

1.12 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3th Year:

Mechanics workshop:

Milling and drilling work to an increasing level of difficulty. Toothed wheels with dividing attachment.  Milling and drilling according to a system of co-ordinates. Lathe work to an increasing level of difficulty.  Form by turning, eccentric turning, angular turning, special forms of thread, multiple-start interior and exterior threads, working on numerically controlled machines.  Creation of CNC programs. 

Tools and equipment engineering:

Manufacture of equipment, cutting, injection and die-cast tools. Heat treatment of steel, hardness testing.  Polishing and whetting cutting tools.  Cylindrical, form and surface grinding.

Sheet metal working and structural steel engineering:

Working on metal plate processing machines and pneumatic and hydraulic working equipment.  Spot welding.  Execution of structural steel works in common welding techniques (bevel preparation, tacking and welding sequences according to welding schedule).  Application of joining and fastening systems used in structural steel engineering.  Surface techniques (protection against corrosion by painting, application of coating materials).

Production preparation:

Work planning and control.  Work assignments.  Preliminary costing and statistical cost accounting. CAD-CAM coupling.  Acquisition.  Calculation of production costs of all assignments in the college workshop.

Workshop for electrical engineering and open-loop control technology:

Connecting electrical machines.  Fault analysis in electrical and electronic devices and systems. Setting up of simple pneumatic and hydraulic controls.

B.2 AUTOMATION TECHNOLOGY

2.1 MECHANICS

Extension and continuation of compulsory subject "Mechanics" in Section A.

Contents:

See Section A onwards:

5h Year:

Thermodynamics:

Flowing movement of gases and vapours.

Machinery dynamics:

Critical speed, vibration insulation.

2.2 PRODUCTION ENGINEERING

Continuation of compulsory subject "Production Engineering" in Section A.

Contents:

3h Year:

Sheet metal working:

Cutting; bending, deep drawing.  Tools, machinery.

Separating:

Autogenous flame cutting, plasma cutting, laser cutting, high-pressure fluid. 
Stripping:

Electroerosion.  Electrochemical stripping.

Cutting production:

Cutting geometry, formation and shapes of cuts, cutting forces, cutting materials. 

4th Year:

Cutting production:

Processes, areas of application.

Machinery:

Designs, mounts, guides, drives, linear axles, path measuring systems, gears, carrier plates (fixed, switchable).  Tool magazines, tool changers, clamps.

Tools:

Forms of cutting tools (turning, milling, drilling and grinding tools); process-specific characteristics (performance, stability, cut removal, cost).

Open-loop control systems:

Types of open-loop control system, programming.  Computer-aided programming methods.

5th Year:

Data entry and processing:

Machinery and operating data.  Technology, tool and machinery databases. DNC technology.

Selection of production processes:

Performance and quality optimisation.  Unit costs (influencing variables.  Serial and batch sizes); tool types and number (universal, form, multiblade and active tools).  Service life; repair; spares.

Interconnection of processing machines:

Interconnection structures.  Changing and clamping systems.  Performance and components.

Quality assurance:

Tasks, measures, quality control cards, random samples and evaluation procedures.

2.3 MACHINE COMPONENTS

Extension and continuation of compulsory subject "Machine Components" in Section A.

Contents:

3th Year:

See Section A onwards:

Hydraulic and pneumatic systems:

Pressure; operating resources.  Hydraulic and pneumatic drives.  Components.

Elements of drive engineering:

Toothed wheels and toothed gears, flexible drives, clutches.

Elements of conveyance technology:

Rope, chains.  Load suspension devices.

2.4 AUTOMATION TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with current automation technology processes (measurement technology, open-loop and closed-loop technology) and their application in practical situations;

-
be able to solve and document automation technology tasks independently;

-
be acquainted with the relevant standards and regulations.

Contents:

3th Year:

Basic principles of measurement technology:

Measurement procedures, measurement errors, characteristic curves, measuring chain (sensors, transformers, display and registration), signals.

Measurement of electrical quantities:

Measurement circuits, multimeters, oscilloscopes, recorders.

Measurement of non-electrical quantities:

Sensors for geometric, motion-related, power-related, thermal, fluid technology and material-related quantities.

New measuring procedures.

4th Year:

Basic principles of open-loop control technology:

Basic structures and types of open-loop control system.  Systematic recording and methods of representing control tasks.  Logical links.

SPC control systems:

Hardware, arrangement, programming.

Pneumatic and hydraulic control systems:

Components, circuit diagrams, combination with stored program control systems.

Proportional and servo technology.

5th Year:

Basic principles of closed-loop control technology:

Closed-loop controllers, process control systems, closed-loop control systems.  Types and time response of closed-loop elements.

Closed-loop control equipment:

Valves and controls, execution of closed-loop controllers, analogue and digital closed-loop controllers.

Closed-loop control systems:

Dual-step and triple step controllers, constant control systems, optimisation and stability.  Fuzzy logic and fuzzy control.

2.5 PROCESS DATA PROCESSING

Training and Teaching Aims:

The student will:

-
have a knowledge of the hardware of process computers;

-
have a knowledge of the software technologies used in automation;

-
be acquainted with the communications standards used in local processes and on public data networks;

-
be able to identify and evaluate software and hardware components in process automation systems;

-
be able to plan and design process automation systems.

Contents:

4th Year:

Technical processes:

Processes and automation structures.  Levels of automation.

Operating hierarchies, communications, computer networks.

Operating methods:

Real-time processing, polling mode, prompting mode, direct memory access. 

Hardware:

Central unit (CPU, bus, working memory).  Standard peripherals.  Device connections (bus interfaces, serial and parallel ports).  Processing of interrupts.  Process peripherals (ADC, DAC, digital input, digital output).

Software:

Assemblers (basic principles, command sets, simple programs).  Programming in an application-related language (access to I/O addresses, processing of binary signals, real-time processing with access to interfaces and process peripherals, use of standard software).  Real-time operating systems, real-time programming languages, user software (operating data registration and evaluation, process control and synchronisation.

5th Year:

Data transmission technology:

Network topologies, transfer media, transfer processes, access processes, data back-up.  Local area networks (LANs).  Public networks.

Fieldbus systems:

Structures, applications, characteristic quantities.

Real-time processing:

Characteristic quantities, load factors, operating security and viability of real-time systems.

Software:

Software for operating local area networks and fieldbus systems. Programming in an application-oriented language (real-time processing with fieldbus systems, process control, process optimisation, process visualisation, computer networks with other automation resources; standard software).

2.6 OPERATIONAL METHODS

Training and Teaching Aims:

The student will:

-
be acquainted with the structure, methods, use and automation of modern operational methods;

-
be able to select and lay out the most useful operating system for a given task;

-
be acquainted with the relevant standards and regulations.

Contents:
4th Year:

Equipment engineering:

Workpiece and tool holding devices (definition, support, division, clamping).  Components and sub-assemblies (design details, calculation, dimensioning, market overview, selection of components). Equipment automation.  Equipment calculation and economic efficiency. Norms and standards.

Industrial operational systems:

Accumulation, arrangement and movement equipment.  Basic principles of planning. Components and sub-assemblies (design details, calculation, dimensioning, market overview, selection of components).  Norms and standards.

5th Year:

Industrial operational systems:

Gripper equipment, handling devices, industrial robots.  Design (design details, calculation, dimensioning, market overview, selection of components).  Norms and standards. Production manipulation (handling of tools, workpieces and testing resources, equipment charging, networking components).

Industrial assembly:

Basic principles of assembly automation, assembly systems (structure, assembly procedures, assembly control, examples of systems realised).  Packaging technology systems. 

Storage technology:

Storage types, logistics.  Components.  Warehouse automation.  Examples of storage systems realised.

2.7 MACHINERY AND SYSTEMS

Training and Teaching Aims:
The student will

-
be acquainted with the set-up, method of operation, operating performance and control of power engines and working machinery as well as of power engineering, domestic installations and environmental technology systems.

Contents:
4th Year:

Conveyance machines:

Lifting machinery (winches, cranes, lifts).  Continuous mechanical handling equipment, floor conveyors.

Pumps:

Displacement pumps, centrifugal pumps, vacuum pumps.  Pumping systems.

Hydrodynamic systems:

Low, medium and high-pressure systems.  Hydraulic motors.

Compressors:

Compressors with displacement effect, turbo compressors.

5th Year:

Combustion engines:

Two-stroke and four-stroke principle: spark ignition and diesel engines.

Thermal systems:

Steam generators, steam and gas turbines.  Structures of power stations.  Systems using alternative energies.

Domestic installations and environmental technology systems.

Heating, air-conditioning and ventilation systems, thermal pumps.  Air and water pollution prevention systems.

2.8 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation  and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models.  Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Basic principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing. Principles of TQM.

2.9 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

-
be able to process practical projects with the instruments of planning, cost accounting, production and quality assurance.

Contents:

4th Year:

Program-controlled machine tools:

CNC programs to an increasing level of difficulty.

Electrical engineering and electronics:

Commissioning electrical and electronic measuring, switching and control devices and systems.  Fault analysis and repair.

Open-loop control technology:

Elements of open-loop control technology.  Modules and basic logical functions. Designing circuit diagrams, representation of work movements, path and time-dependent control systems.  Structure of open-loop control systems for pressurised pipes.

Production preparation:

Work planning and control.  Work assignments, preliminary costing and statistical cost accounting. Workshop drawings, acquisition.

5th Year:

CNC machines:

Computer-aided programming.  Generation of CNC programs from CAD files and adding the necessary technical data.

Open-loop control technology:

Recording and processing of signals, permanently wired and freely programmable open-loop control systems.  Working out of possible solutions for complex industrial control tasks.

Production measurement technology and quality assurance:

Measuring with mechanical, pneumatic, optical and electronic measurement devices; surface roughness measurements.  Calibres, measurement and profile projectors. Preparation of quality data, testing sequences, fault repair and prevention; quality reporting.

Production preparation:

Computer-aided work planning, work control and works assignements, stockholding, statistical analysis.

2.10 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3th Year:

Mechanical and CNC workshop:

Milling and drilling work to an increasing level of difficulty.  Toothed wheels with dividing attachment. Milling and drilling according to a system of co-ordinates.  Lathe work to an increasing level of difficulty. Form by turning, eccentric turning, angular turning, special forms of thread, multiple-start interior and exterior threads, working on numerically controlled machines. Creation of CNC programs. 

Tools and equipment engineering:

Manufacture of equipment, cutting, injection and die-cast tools. Heat treatment of steel, hardness testing.  Polishing and whetting cutting tools.  Cylindrical, form and surface grinding.

Workshop for electrical engineering and industrial electronics:

Connecting electrical machines.  Setting up and repairing faults on electrical devices.  Visual recognition of components.  Set-up, commissioning, fault analysis, repair and testing of electronic devices and systems using standard industry measurement and testing devices. Electrical and physical connection techniques.

Open-loop control technology workshop:

Setting up of simple pneumatic and hydraulic controls to an increasing level of difficulty.

B.3 MOTOR VEHICLE ENGINEERING

3.1 MECHANICS AND LIGHTWEIGHT CONSTRUCTION

Training and Teaching Aims:

The student will:

-
consolidate his knowledge of mechanics;

-
be acquainted with the principles of construction and calculation in lightweight construction;

-
be able to carry out simple calculations and have an overview of transport technology applications.

Contents:

3th Year:

More detailed study of the subjects of Dynamics and Hydromechanics.

5th Year:

Materials:

Lightweight construction materials, characteristic values of materials.

Lightweight construction statics:

Bending and torsion of thin-walled hollow girders.  Equations of energy and deformation.  Design principles of lightweight construction.

3.2 PRODUCTION ENGINEERING

Continuation of compulsory subject "Production Engineering" in Section A.

Contents:

3th Year:

Sheet metal working:

Cutting; bending, deep drawing.  Tools, machinery.

Separating:

Autogenous flame cutting, plasma cutting, laser cutting, high-pressure fluid.

Stripping:

Electroerosion.  Electrochemical stripping.

Cutting production:

Cutting geometry, formation and shapes of cuts, cutting forces, cutting materials. 

4th Year:

Cutting production:

Processes, areas of application.

Machinery:

Designs, mounts, guides, drives, linear axles, path measuring systems, gears, carrier plates (fixed, switchable).  Tool magazines, tool changers, clamps.

Tools:

Forms of cutting tools (turning, milling, drilling and grinding tools); process-specific characteristics (performance, stability, chip removal, cost).

Open-loop control systems:

Types of open-loop control system, programming.  Computer-aided programming methods.

Production processes relating to the special training focus.

5th Year:

Data entry and processing:

Machinery and operating data.  Technology, tool and machinery databases. DNC technology.

Selection of production processes:

Performance and quality optimisation.  Unit costs (influencing variables.  Serial and batch sizes); tool types and number (universal, form, multiblade and active tools).  Service life; repair; spares.

Interconnection of processing machines:

Interconnection structures.  Changing and clamping systems.  Performance and components.

Quality assurance:

Tasks, measures, quality control cards, random samples and evaluation procedures.

3.3 MOTOR ENGINEERING

Training and Teaching Aims:

The student will:

-
have a thorough knowledge of the types, methods of operation and operating performance of internal combustion motors;

-
be able to calculate the main dimensions;

-
have a fundamental knowledge of their design;

-
be acquainted with developments in motor engineering.

Contents:

4th Year:

Types of motors:

Types, components and working procedures of combustion engines. Charge changing and combustion.  Standards and construction regulations.

Construction principle of motors:

Crank operation, cylinder arrangement, forces of gravity and mechanical balance. Flywheels, balancing wheels and torsional oscillation.  Control of two and four-stroke motors.

Calculation of motors:

Definition and calculation of main dimensions, design calculations. Characteristic quantity and characteristic fields.  Selected components of combustion engines.

5th Year:

Energy conversion:

Lubricants and lubrication.   Cooling.  Charging.  Fuel, mixture preparation. Family of operating characteristics, control.  Systems, aggregates, loss minimisation.

Waste gas technology:

Measurement of waste gases and combustion residues.  Analysis and minimisation of hazardous substances (catalysers, Lambda probes, lean-mix engines).  Statutory regulations.

Motor acoustics.

3.4 MOTOR VEHICLE ENGINEERING

Training and Teaching Aims:

The student will:

-
be acquainted with the typess, set-up, sub-assemblies and performance of vehicles and economical methods of mass-producing them;

-
be able to calculate the main dimensions of components of individual sub-assemblies.

-
be acquainted with new developments in motor vehicle engineering.

Contents:

3th Year:

Elements of motor vehicle engineering:

Wheels, suspension.  Bearings.  Forces in the vehicle.  Brallers.

Power transmission:

Types of drives, drive components.   Alternative drive concepts.

4th Year:

Driving mechanics:

Travelling resistance, driving forces, driving state diagrams, dynamic wheel loads.

Chassis:

Wheel suspension, shock absorption; axle kinematics.  Steering, driving behaviour. Brake systems.

5th Year:

Supporting framework and set-up:

Types of vehicles and trailers.  Design and economical mass production.  Active and passive safety.  Features and equipment. Motor vehicle regulations.  Noise measurement and abatement measures.

Other means of transport:

Types and design principles of compound systems, containers. Modular construction method.  Interlinking of loading units.  Traffic logistics.

3.5 MACHINERY AND SYSTEMS

Training and Teaching Aims:

The student will:

-
be acquainted with the set-up, method of operation, operating performance of common power engines and working machinery and with the major aspects involved in their economic use;

-
be able to calculate the main dimensions.

Contents:

5th Year:

Lifting and conveyance machines:

Types; main dimensions, operating performance.

Hydrodynamic machines:

Types; pumps, compressors, water turbines, steam and gas turbines (main dimensions, operating performance).

Systems for the production of conventional energy and the use of alternative energy.

3.6 VEHICLE ELECTRICAL ENGINEERING AND ELECTRONICS

Training and Teaching Aims:

The student will:

-
be acquainted with the laws of electrical engineering and electronics relevant to motor vehicle engineering;

-
be acquainted with the method of operation and operating performance of electrical equipment in vehicles.

Contents:

5th Year:

Electronics in vehicles:

Ignition systems, fuel metering, exhaust gas control, engine management. Power engineering for vehicle and drive control.  Convenience and safety electronics.

Computer-aided guidance and control systems.

3.7 MEASUREMENT- AND  CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, conversion and transmission of measurements.


Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for counting units, analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  Closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control  technology :

Overview.   Actuators, servo components.

Process control technology and bus systems.

3.8 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation  and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models.  Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Basic principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing. Principles of TQM.

3.9 CONSTRUCTION EXERCISES

Extension and continuation of the compulsory subject "Construction Exercises and Product Development" in Section A.

Contents:

3th Year:

See Section A onwards:

Motor vehicle engineering: One project.

Motor engineering: One project.

5th Year:

See Section A onwards:

Motor vehicle engineering and/or motor engineering (if possible taking account of the compulsory subject "Motor Vehicle Electrical Engineering and Electronics" or "Measurement Technology, Open-Loop and Closed-Loop Control Technology"):

Inter-disciplinary projects.

Numerical calculations in mechanics.

3.10 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

-
be able to process practical projects with the instruments of planning, cost accounting, production and quality assurance.

Contents:

4th Year:

Program-controlled machines:

CNC programs.  Special problems in cutting procedures. Manual and computer-aided programming.  Use of various tools on machines.

Electrical engineering and electronics:

Connecting electrical machines.  Commissioning power consumers, measurement, switching and control devices.  Fault analysis in electrical and electronic devices and systems.

Open-loop control technology:

Elements of open-loop control technology, modules, basic logical functions, designing circuit diagrams, representation of work movements, path and time-dependent control systems.  Recording and processing of signals, permanently wired and freely programmable open-loop control systems.

Production preparation:

Working techniques, time management, cost accounting.  Workplace design, ergonomics.  Computer-aided work planning, work control and work assignments, production costing, statistical analysis. Keeping of practice-related files.

5h Year:

Production measurement technology and quality assurance:

Measuring with mechanical and electrical length meters, calibres, measurement and profile projectors, surface roughness measurements; quality data; preparation, testing sequences, fault repair and prevention; quality reporting.

Motor vehicle and motor engineering:

Measuring immissions and emissions.  Measuring performance.  Use of diagnosis measurement devices and computer-aided evaluation.

Production preparation:

Project-related subjects in line with the special training focus.

3.11 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3th Year:

Chassis and bodywork technology:

Assembly and dismantling of parts of the chassis, brake and exhaust systems, steering, clutch and axles.  Assembly of parts of the body, windows and interior cladding.  Dismantling, testing, measurement and assembly of different types of gears.  Detection and repair of bodywork damage.  Vehicle surface maintenance.

Motor engineering:

Testing and maintenance of engines.   Dismantling, testing, measuring, processing and assembly of all engine components.  Testing and adjustment of fuel mix using testing devices.

Vehicle electrical engineering and electronics:

Finishing and laying of wires according to a circuit diagram.  Removal, installation, connection and starting up of electrical and electronic systems in vehicles.  Systematic tracing, detection and repair of causes of electrical, electronic and mechanical faults. Testing and processing of electronic components.

Production preparation:

Work planning and control.  Work assignments.  Preliminary costing and statistical cost accounting. Acquisition.  Calculation of production costs.

Program-controlled machines:

Working on numerically controlled machines.  CNC programs.

B.4 PRODUCTION ENGINEERING

4.1 MECHANICS

Extension and continuation of compulsory subject "Mechanics" in Section A.

Contents:

3th Year:

See Section A onwards:

Strength of materials:

Plain stress.  Buckling.

Dynamics:

Elastic and inelastic collision processes.

4.2 PRODUCTION ENGINEERING

Continuation of compulsory subject "Production Engineering" in Section A.

Contents:

3th Year:

Sheet metal working:

Cutting; bending, deep drawing.  Tools, machinery.

Separating:

Autogenous flame cutting, plasma cutting, laser cutting, high- pressure fluid cutting .

Stripping:

Electroerosion.  Electrochemical stripping.

Cutting production:

Cutting geometry, formation and shapes of cuts, cutting forces, cutting materials. 

Special procedures:

Production of threads and toothed wheels.

4th Year:

Cutting production:

Processes, areas of application.

Machinery:

Designs, mounts, guides, drives, linear axles, path measuring systems, gears, carrier plates (fixed, switchable).  Tool magazines, tool changers, clamps.

Tools:

Forms of cutting tools (turning, milling, drilling and grinding tools); process-specific characteristics (performance, stability, cut removal, cost).

Open-loop control systems:

Types of open-loop control system, programming.  Computer-aided programming methods.

Quality assurance:

Random sampling; statistical process control and guidance.

5th Year:

Data entry and processing:

Machinery and operating data.  Technology, tool and machinery databases. DNC technology.

Selection of production processes:

Performance and quality optimisation.  Unit costs (influencing variables.  Serial and batch sizes); tool types and number (universal, form, multiblade and active tools).  Service life; repair; spares.

Interconnection of processing machines:

Interconnection structures.  Changing and clamping systems.  Performance and components.

Quality management:

Tasks, measures, quality control cards.  Quality costs, failure mode effects and criticality analyses

4.3 MACHINE COMPONENTS

Extension and continuation of compulsory subject "Machine Components" in Section A.

Contents:

3th Year:

See Section A onwards:

Hydraulic and pneumatic systems:

Pressure; operating resources.  Hydraulic and pneumatic drives.  Components.

Elements of drive engineering:

Toothed wheels and toothed gears, flexible drives, clutches.

Elements of conveyance  technology:

Rope, chains.  load suspension devices.

4.4 TOOL ENGINEERING

Training and Teaching Aims:
The student will

-
have a thorough knowledge of the structure of tools for sheet metal working, plastics processing and a wide range of different production processes;

-
be acquainted with the measurement, design and production of tools;

-
be able to select the best tool for a given purpose;

-
be able to evaluate tools according to their efficiency.

Contents:
4th Year:

Sheet metal processing tools:

Cutting, bending, drawing and stamping tools.  Components: tool design. Compound tools.   Advancing systems.  Belt conveyor systems.

Drop forging tools:

Types of drop forging tools; parting planes of dies, burrs, guides, ejectors, clamping.

Cold extrusion tools:

Types, shapes of dies, strippers and ejectors.  Dimensioning.

5th Year:

Plastics processing tools:

Injection moulding moulds, pressing moulds, extrusion tools, blow moulding tools. Setting-up, sprue, tempering and ejection systems, formation of die cavities.

Special metal processing tools:

Gravity die casting and standard die casting tools.

4.5 EQUIPMENT ENGINEERING AND OPERATIONAL METHODS

Training and Teaching Aims:
The student will

-
have a thorough knowledge of the tasks, the working method and the use of equipment relating to his specialist field;

-
select and be able to construct the best equipment for a given task;

-
be able to assess the equipment in terms of its efficiency;

Contents:
3h Year:

Basic principles:

Determination of position.  Selection of positioning surface attributes.  Insertion, clamping, clamping forces, clamping elements, auxiliary clamping elements and removal of the workpiece, controls, equipment closing devices, fastening devices, attachments, 

Types of attachment: 

Drilling, milling, turning and joining attachments.

Attachment construction kits:

Construction systems, components, applications.

Case studies of attachments:

Task, Vor¸berlegung, structure of attachment.

4th Year:

Basic pneumatic and hydraulic circuits.

Valves, cylinders, drives.  Possible applications.

Construction of attachments:

Design criteria; dimensioning; function, production and operation-compatible design.

Cutting attachments:

Turning, drilling, milling, broaching and grinding attachments.  Advancing units, clamping spindles and chucks, attachments made of polymeros.

Attachments for non-cutting processing methods:

Bending, shaping, stamping, planing and welding attachments.  Testing attachments.

Workpiece and tool handling:

Magazines, accumulators, grippers.  Arranging, recognition, forwarding, allocation. Screw feed, refuse handling.

5th Year:

Handling equipment and assembly machines:

Structure and design, interconnection.

Robots:

Structure, drives, control and programming.

Evaluation of attachments:

Performance, efficiency.

Special attachments: 

Attachments for NC and CNC controlled machine tools and flexible production systems.

4.6 POWER ENGINEERING AND ENVIRONMENTAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the structure, method of working and operating performance of modern energy processing systems and their components;

-
be able to keep environmental pollution to a minimum through the use of the corresponding processes;

-
be acquainted with methods for the prevention of air pollution and sewage treatment.

Contents:

5th Year:

Basic principles:

Heat exchange and incineration procedures; balances (material flow, energy); application-oriented knowledge of fluid mechanics, thermodynamics and material exchange.  Standards and statutory regulations.

Power engineering:

Sources of energy (renewable and non-renewable energy sources); heat exchangers; steam generators; thermal power stations.  Forms of alternative energy (sun, wind, biomass etc. and their use, thermal pumps.

Prevention of air pollution

Dust recovery; desulfurisation, denoxing; fire-protection measures.

Sewage treatment:

Occurrence and nature of sewage; physical sewage treatment (sedimenting, sieving, filtration); chemical sewage treatment (precipitation, neutralisation); biological sewage treatment (activated sludge process).

Sewage treatment plants.

4.7 MEASUREMENT- AND  CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, conversion and transmission of measurements.

Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for counting units, analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control technology:

Overview.   Actuators, servo components.

Process control technology and bus systems.

4.8 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation  and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models.  Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Basic principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing.  Principles of TQM.

4.9 CONSTRUCTION EXERCISES

Extension and continuation of the compulsory subject "Construction Exercises and Product Development" in Section A.

Contents:

4th  and 5th Years:

See Section A onwards:

Projects relating to the compulsory subjects "Production Engineering", "Tool Engineering", "Equipment Engineering and Operational Methods" and "Power Engineering and Environmental Technology".

4.10 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

-
be able to process practical projects with the instruments of planning, cost accounting, production and quality assurance.

Contents:

4th Year:

Program-controlled machine tools:

CNC programs. Special problems in cutting procedures.

Electrical engineering and electronics:

Connecting electrical machines.  Commissioning power consumers, measurement, switching and control devices.  Fault analysis in electrical and electronic devices and systems.

Open-loop control technology:

Elements of open-loop control technology, modules, basic logical functions, designing circuit diagrams, representation of work movements, path and time-dependent control systems.

Production preparation:

Computer-aided work planning, work control and work assignments , production costing, statistical analysis. Keeping of practice-related files; storage.

5th Year:

Program-controlled machine tools:

Manual and computer-aided programming; use of various tools on machines.

Open-loop control technology:

Recording and processing of signals, permanently wired and freely programmable open-loop control systems. Working out of possible solutions for complex industrial control tasks.

Production measurement technology and quality assurance:

Measuring with mechanical and electrical length meters, calibres, measurement and profile projectors, surface roughness measurements; quality data; preparation, testing sequences, fault repair and prevention; quality reporting.

Production preparation:

Project-related subjects in line with the special training focus.

4.11 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3th Year:

Mechanics workshop:

Milling and drilling work to an increasing level of difficulty.  Toothed wheels with dividing attachment. Milling and drilling according to a system of co-ordinates. Lathe work to an increasing level of difficulty. Form by turning, eccentric turning, angular turning, special forms of thread, multiple-start interior and exterior threads.

CNC workshop:

Working on numerically controlled machine tools.  Lathes, milling machines, wire-cutting machines, cavity sinking EDM machines, manual and computer-aided programming.

Tools and equipment engineering:

Production of attachments, punching, injection and die-cast tools, measurement tools and cutting tools.  Fine machining; grinding
cylindrical, surface and profile grinding, lapping.

Production preparation:

Issuing of production drawings; issuing of working papers, handling of workshop instructions.

Electrical engineering workshop:

Low-voltage installations, finishing and laying of lines, production of connections.  Installation circuits.  Commissioning and maintenance of distribution, safety and switching equipment taking electrical and mechanical protective measures into account.

B.5 AIRCRAFT ENGINEERING

5.1 MECHANICS AND LIGHTWEIGHT CONSTRUCTION

Training and Teaching Aims:

The student will:

-
be acquainted with the properties, processing and use of plastics in aircraft construction, particularly compound materials, and be able to dimension them properly;

-
be able to calculate and use fibre reinforcement.

-
be able to apply special lightweight construction calculation methods as opposed to the traditional strength of materials method.

Contents:

3th Year:

Strength of materials:

Plain stress.  Buckling.

Dynamics:

Elastic and inelastic collision processes.

4th Year:

Compound materials:

Fibre-reinforced plastics, fibre materials, matrix (resins and adhesives). Calculation of compound, structural possibilities and examples.

Lightweight construction:

Lightweight construction theories, lightweight construction methods and their special application in aircraft construction.

5th Year:

Compound materials:

Characteristic values, sandwich construction method.  Optimisation theory, application examples with particular reference to aircraft construction.

Lightweight construction:

Frames, Hardy-Cross, stiffness method with and without axial forces, stability.

5.2 PRODUCTION ENGINEERING

Continuation of compulsory subject "Production Engineering" in Section A.

Contents:
3th Year:

Non-cutting production:

Punching; cutting, deep drawing. Impact and standard extrusion, production of pipes. Special processing procedures; application of laser, electron, liquid honing, ultrasound, electrical discharge processes, precision forging and fine cutting, etching, die-casting and injection moulding processes.

Materials:

Special aircraft construction and aerospace engineering materials.

4th Year:

Cutting production:

Cutting procedures, cutting geometry and cutting materials, carrier plates. Establishment of cutting forces, speeds and performance. Drilling, turning, milling, grinding and precision processing procedures and the relevant machines.  Drives, gears, guides, transport equipment for workpieces and tools.  CNC machines.

5.3 MACHINE COMPONENTS

Continuation of compulsory subject "Machine Components" in Section A.

Contents: 
3th Year:

Elements of rotational motion:

Axles, shafts, bearings, clutches, drive type fastenings.

Spring components:

Spiral springs, torsion springs, gas springs, silent components.

Elements of drive engineering:

Toothed wheels, spur wheels, bevel wheel, helical gear wheels.  Spur wheel back-gear and helical bevel gear units, worm gear units, clutches.

Construction rules:

Welding, casting and forging structures.

Hydraulic and pneumatic systems:

Hydraulic and pneumatic components and drives.

5.4 AIRCRAFT CONSTRUCTION

Training and Teaching Aims:

The student will:

-
be acquainted with the structure of aircraft and their maintenance and operating performance, and be able to perform aerodynamic and mechanical flight calculations.

Contents:

3th Year:

Development history

Development of aviation (vehicles and engines) up to the present day, limits of aviation (taking space travel into account).

Classification of aircraft:

Types and construction methods, sub-assemblies and systems, aircraft weight distribution.

Operation of aircraft:

Basic principles for the licensing, maintenance and operation of aircraft.

Atmosphere and aerodynamics:

Standard atmospheres and their properties.  Forces and moments in aerodynamic profiles.

4th Year:

Aerodynamics:

Forces and moments on the wing.  Forces and moments on the aircraft. Supersonic flight.

Flying performance:

Elements of flying performance; horizontal and vertical flight, taking off and landing, turning; range und duration of flight.  Propulsion of aircraft.

5th Year:

Basic principles of the design and operation of aircraft:

Calculation of stability of the major components and sub-assemblies.  Building regulations and design loads.

Flight performance:

Principles of stability and controllability, clutches.

Rotary-wing aircraft:

Set-up, method of operation, performance.

5.5 ENGINES

Training and Teaching Aims:

The student will:

-
be acquainted with modern combustion engines, taking particular account of combustion  and jet engines and their maintenance, repair and testing;

-
be able to calculate and design engines taking economic production into account.

Contents:

4th Year:

Gas turbines and jet engines:

Types.  Engines for supersonic and subsonic aviation; operating performance and regulations, maintenance.

combustion engines:

Spark ignition and diesel engines, two-stroke and four-stroke processes.  Calculation of main dimensions, dimensioning of the crank mechanism.  Cyclic process and performance calculations, efficiency, altitude performance of the combustion engine. Control, ignition, lubrication, cooling.

4th Year:

Combustion engines :

Dynamic problems relating to the crank mechanism.  Engine combustion; preparation of fuel mix, fuels and exhaust problems.  Propeller theory, interaction of engine and propeller.

Gas turbines and jet engines:

Calculation of real cyclic processes.  Calculation and main dimensions of engines;  selection of materials and calculation of stability.  Application of air stream and wing theory. Performance of engine inlet and propelling nozzle in subsonic and supersonic air travel.  Combustion in the combustion chamber, taking account of exhaust problems.

5.6 NAVIGATION, FLIGHT MEASURING AND AIR TRAFFIC

Training and Teaching Aims:

The student will:

-
be acquainted with the procedures and technical concepts of navigation and radar technology

-
be acquainted with the instruments and their interaction in user-specific cockpit designs and how to operate them.

Contents: 
4th Year:

Concepts;

General principles of navigation, mapreading.  Principles of avionics, distance navigation, satellite navigation.

Ground equipment:

Airport systems, airport operation, air traffic control and meteorology. Operations Research.

Regulations and standards:

Technical equipment and on-board instruments.

5th Year:

Radar technology:

Types and principles of operation.  Primary radar, secondary radar, weather radar.

Navigation systems:

Instrument landing system, microwave landing system, autolanding system, aircraft, ground and equipment devices .

5.7 MEASUREMENT TECHNOLOGY, OPEN-LOOP AND CLOSED-LOOP CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, conversion and transmission of measurements.


Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for counting units analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control technology:

Overview.   Actuators, servo components.

Process control technology and bus systems.

5.8 WORKSHOP LABORATORY

Extension and continuation of compulsory subject "Laboratory" in Section A.

Contents:

5th Year:

See Section A onwards:

Exercises and design projects relating to the compulsory subjects "Aircraft Construction", "engines" and "Navigation, Flight Measuring and Flight Operation".

5.9 WORKSHOP LABORATORY

Training and Teaching Aims:
The student will

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

-
be able to process practical projects with the instruments of planning, cost accounting, production and quality assurance.

Contents:

4th Year:

Maintenance of aircraft:

Maintenance of combustion and jet engines; heavy maintenance; maintenance and start-up services on aircraft. Application of construction and maintenance regulations. Maintenance of flight management and navigation systems.

Open-loop and closed-loop control technology:

Components and modules of open-loop and closed-loop control technology, representation of work sequences, path and time-dependent open-loop and closed-loop control technology.

Production preparation:

Computer-aided work control, issuing of work instructions, production costing. Stockholding.  CNC programming and
production.

5.10 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents: 
3th Year:

Mechanics workshop:

Milling and drilling work to an increasing level of difficulty and according to a system of coordinates.  Toothed wheels with dividing attachment. Lathe work to an increasing level of difficulty; forming by turning, eccentric turning, conical turning, special shapes of thread.  Working on numerically controlled machine tools.

Plastics processing:

Structural work on airframes, glueing metals and plastics.

Electrical engineering:

Winding of coils and armatures.  Production of surface mounted devices, simple operation of simple electrical measuring devices (digital, analogue, oscilloscopes).

Installation technology of welding:

Pipe connections, laying pipelines, detection and repair of faults, water, compressed air and hydraulic systems.  Welding metal plate and pipes on aircraft components.

Aircraft workshop:

Maintenance work on frame and structure (metal, wood), instrumentation and installation, testing operation of flight systems.

B.6 METALLURGY

6.1 TECHNOLOGY OF MATERIALS

Training and Teaching Aims::

The student will

-
be acquainted with the basic principles of the structure of metallic and non-metallic materials, their characteristics and how to test them, and their methods of processing and applications.

-
be acquainted with the ways of influencing their properties by mechanical, thermal and chemical treatment and be able to apply these processes;

-
acquire a knowledge of how to combine different material components and properties as an important method of optimising material properties.

Contents:

3th Year:

Alloying techniques:

Phase doctrine, miscibility gap, conversion to solid state, intermetallic compounds, congruent and incongruent melting phases, eutectic and peritectic systems.  Status images of technical alloys, imperfections and their effects, theory of nucleation.

Production engineering:

Theory of deformation, recrystallisation.

Ways of increasing the hardness and stability of metals. The Fe-C system and its structure.  The most important alloying elements of steel and their effects.

4th Year:

Production engineering:

Annealing and heat treatment of steels (hardening, quenching and tempering, surface tempering). Special steels, powder metallurgy, composite materials, corrosion.  Overview of types of plastic.

Material testing:

General overview of the organisation and fields of application of material testing.  Measuring tools; general introduction to static, dynamic, technological and non-destructive test procedures.  Fracture mechanics. Breaking tests; etching tests.  Non-destructive testing.  Etch tests and boiling oil penetrant inspections. Thermocolour procedures.  X-ray and ultrasound tests.  Magnetic tests.  Physical tests.  Thermal conductivity, electrical conductivity, density.

5th Year:

Metallographic tests:

Macro- and microscopic examinations.  General chemical examinations. ÷NORM and DIN material regulations.  Material testing and control in the power generation and consumption field.

Basic principles of acceptance tests.

Composite materials:

Basic principles, natural composite materials, artificial composites, fibrous composites, stratified composite materials, surface strata as components of composite material, particle composites.

6.2 THERMAL TECHNOLOGY AND ENERGY MANAGEMENT

Training and Teaching Aims::

The student will

-
be acquainted with the technical principles of the development and transfer of heat as required for the smelting and processing of metals;

-
be acquainted with the problems of limited reserves of fuel and the ecological and economic impact of exhaust gases, sewage and waste heat on the environment.

Contents:

3th Year:

Power engineering:

Energy sources, energy management, renewable and non-renewable energy.  Energy carriers, fuel technology: ways of generating liquid and gaseous fuels from crude oil, coal and biomass.  Natural gas.

Industrial furnace technology:

The electrically heated industrial furnace (resistance, electric arc and induction heating).  The fuel-heated industrial furnace (chemistry and physics of combustion, control of combustion, establishing the combustion temperature).  Combustion equipment (furnaces and burners).

4th Year:

Industrial furnace technology:

The thermal balance of the industrial furnace.  Furnace efficiency and firing efficiency and their application.  Heat transfer inside the furnace. Melting loss.  Heat recovery.  The industrial furnace and its uses.

6.3 METALLURGY

Training and Teaching Aims:

The student will:

-
be acquainted with the preparation procedures and quality criteria of raw materials;

-
have a command of the metallurgy of reduction and refining processes;

-
be acquainted with the steel and non-ferrous metals recycling processes;

-
have a knowledge of the processes involved in the ductile forming of steel and non-ferrous metals.

Contents:

3th Year:

Preparation of raw materials:

Evaluation and testing of ores and raw materials, preparation of raw materials, crushing, classification, sorting and calculation of sorting output.  Sintering, pelleting and briquetting.  Properties of substances and additives used.

Basic principles of metallurgy:

Physical/chemical principles of the process of metallurgical reactions. Slag balance. requirements in respect of slag, preparation and use of slag. Behaviour of companion elements in reduction metallurgy and impact on the quality of finished products.

4th Year:

Pyrometallurgy:

Direct reduction, carbothermal processes, oxygen- blast in the production of ferrous and non-ferrous metals.  Roast reaction process in the processing of sulphidic ores or concentrates of copper, nickel and lead.  The metallurgy of the shaft furnace process, converter metallurgy.

Hydrometallurgy:

Production of metallic salt,  lye cleaning, precipitation of metal by changing the redox potential.  Precipitation from aqueous solutions and in the smelting flux.  Demands made on electrolytes.  Electrochemical processes in recovery electrolysis.

5th Year:

Ductile forming:
Structure of cast steel, tension theories, characteristic quantity of plastic deformation, placticity conditions, basic rolling principles, deformation mechanisms.

Refining procedures:
Refining ferrous and non-ferrous metals by pyro- and hydrometallurgical means.  Basic principles and electrochemical processes of refinement electrolysis in aqueous and molten electrolytes, vacuum metallurgy.

Metal recycling:
Evaluation and properties of secondary raw materials and products.  Energetic and economic observation of secondary metallurgy.  Processing of metallic and oxidic waste materials for the purpose of recovering secondary products.

Shaping techniques:

Roll gap procedures, calibration of rollers, thermomechanical rolling, open die forging, drop forging, forging die procedures, design of drop-forged forgings, quality requirements for rolled and forged products.

6.4 MACHINERY AND SYSTEMS IN IRON AND STEEL WORKS

Training and Teaching Aims:
The student will

-
be acquainted with the most important preparation systems and machines;

-
have a knowledge of the machines required for the production and processing of crude iron, steel and non-ferrous metals;

-
have a knowledge of the machines used for transporting raw materials and products and of energy supply systems.

Contents:

3th Year:

Preparation systems:

The principle and use of the most important aggregates for comminution, classification and sorting; dewatering, pelletisation and de-dusting systems.

Reduction metallurgy systems:
Furnace construction, lining, energy supply, cooling and raw material supply in pig iron production.

Drive technology:

Lifting and conveying systems (non-continuous and continuous conveying equipment) and waste gas purification plants in iron and steel works.

4th Year:

Dead-mould casting systems:

Systems for testing and preparation of moulding materials, mould-building and core production.  Mould production machines and dead-mould casting systems.

Shaping systems:

Roll stands, rolling, cooling of rollers, auxiliary rolling mill equipment, cooling systems, cutting and edging equipment, roller tables, rolling mill and forging furnaces, forging tools, design of forging tools.

Power engineering:

Pumps, hydraulic systems, compressors, steam generation and heat exchangers.

5th Year:

Smelting and casting technology:

The most important smelting and alloying aggregates for cast metal and alloys; the cupola, the induction crucible furnace, hearth-type and drum-type furnaces. Aluminium melting, refinery and degassing systems.  Systems and smelting aggregates for smelting and alloying the main cast metals and alloys, continuous casting plant.

Forging plant and rolling mills:

Semi-finished product mills, sheet and strip mills, profile rolling mills (wire, rail, pipe works) for shaping steel and non-ferrous metals; forging machines for open-die and drop-forging.

6.5 CERAMICS AND REFRACTORY MATERIALS

Training and Teaching Aims:

The student will:

-
be acquainted with the basic principles and applications of ceramic and hydraulic construction materials;

-
be acquainted with the product development, process engineering and quality control involved in the production of these materials;

-
have an overview of building and household ceramics, construction ceramics, refractory products and cement-based construction materials.

Contents:

4th Year:

Basic principles:

The essence and structure of crystalline and vitreous ceramic materials; electrovalence, atomic bonding; thermal properties, electrical properties and stability properties; single and multi-phase ceramic systems; mechanical and thermoanalytical testing procedures; x-ray and light-optical structure and property analyses.

Construction and household ceramics:

Brick materials; tiles and sanitary ceramics; ceramic catalysers and insulators; porcelain and crockery ceramics; high-performance and construction ceramics in systems and mechanical engineering.

Refractory products:

Definition of terms and systems involved in shaped and unshaped refractory products and their natural and synthetic raw materials.

Cement-based construction materials:

Cement, lime, plaster; concrete as a building material; manufacturing principles; product properties, application and testing of materials produced in the latest material techniques, selection of raw materials.

5th Year:

Refractory products:

Product development, process and sintering technology; construction examples, use and selection of materials in thermal and smelting aggregates, especially in the iron and steel industry; wear mechanisms and strength of refractory materials under the influence of high temperatures and corrosive media explained with the use of selected examples from practical situations.

6.6 MEASUREMENT– AND CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment. Transducers, conversion and transmission of measurements.


Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for countind units, analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic conbtrol technology:
Overview.   Actuators, servo components.

Process control technology and bus systems.

6.7 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models.  Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Basic principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing.  Principles of TQM.

6.8 LABORATORY

Extension and continuation of compulsory subject "Laboratory" in Section A.

Contents:

5th Year:

See Section A onwards:

Additional exercises relating to the compulsory subjects "Technology of Materials", "Metallurgy", "Machinery and Systems in Iron and Steel Works", "Ceramics and Refractory Materials" and "Measurement Technology, Open-loop Control and Closed-loop Control Technology".

6.9 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3th Year:

Mechanics workshop:

Milling and drilling work to an increasing level of difficulty.  Toothed wheels with dividing attachment. Milling and drilling according to a system of co-ordinates. Lathe work to an increasing level of difficulty. Form by turning, eccentric turning, angular turning, special forms of thread, multiple-start interior and exterior threads, working on numerically controlled machines. Creation of CNC programs. 

Tools and equipment engineering:

Manufacture of equipment, cutting, injection and die-cast tools. Heat treatment of steel, hardness testing.  Polishing and whetting cutting tools.  Cylindrical, form and surface grinding.

Sheet metal working and structural steel engineering:

Working on metal plate processing machines and pneumatic and hydraulic working equipment.  Spot welding.  Execution of structural steel works in common welding techniques (bevel preparation, tacking and welding sequences according to welding schedule).  Application of joining and fastening systems used in structural steel engineering.  Surface techniques (protection against corrosion by painting, application of coating materials).

Production preparation:

Work planning and control.  Work assignments.  Preliminary costing and statistical cost accounting. Workshop drawings.  Acquisition.  Calculation of production costs of all assignments in the college workshop.

B.7 TECHNICAL FACILITY MANAGEMENT AND ENERGY PLANNING

7.1 STRUCTURAL ENGINEERING

Training and Teaching Aims:

The student will:

-
be acquainted with the building materials and processes relevant to his specialist field;

-
acquire an overview of construction materials and their use and be able to describe simple surveying methods.

Contents:

3th Year:

Structural engineering:

Building materials.  Building methods; structural systems, structural elements. The planning and processing of a building project.  Building regulations.

Surveying:

Site measuring, levelling instruments (set-up, application), staking-out.

Building fittings:

Technical rooms; arrangement, design (heating rooms, interceptors, fuel stores, shelters, utility rooms). Structural facilities for water, electricity and ventilation.

4th Year:

Physics of construction:

Thermal protection.  Heat storage.  Protection against humidity.  Steam diffusion.  Noise insulation (basic principles of sound, structural protective measures, noise insulation on utility and disposal facilities).

Building fittings:

Preliminary planning for the laying of utility and disposal pipes; installation shafts, frost-resistant brick work and installation plans.  Fire protection. Solar architecture.  Passive solar systems.

7.2 MECHANICS

Extension and continuation of compulsory subject "Mechanics" in Section A.

Contents:

3th Year:

See Section A onwards:

Heat generation and transfer:

Combustion.  Conduction, convection, radiation, heat transition.

7.3 BUILDING ENGINEERING MACHINERY

Training and Teaching Aims:
The student will

-
be acquainted with the set-up, method of working and operating performance of the power and working machinery applicable to his special training focus;

-
be able to calculate the main dimensions of the most important components of these machines.

Contents:
5h Year:

Applied hydromechanics.

Gyro pumps and fans:

Calculation, construction, operating performance and control.

Conveyance  technology:

Conveyor systems in building engineering, lifts.

Piston machines:

Types.  Calculation of piston and sliding vane rotary compressors.

7.4 HEATING, AIR-CONDITIONING AND REFRIGERATION ENGINEERING

Training and Teaching Aims:
The student will

-
be able to design and calculate heating, air-conditioning and refrigeration systems;

-
be acquainted with the method of operation and the operating performance of all relevant systems and system components.

Contents :
3th Year:

Calculation principles:

Meteorological, physiological, hygienic and thermal parameters, calculation of heating loads and requirements.

Distribution of heat:

Radiators and radiant heaters, heating systems and safety equipment.

Provision of heat:

Conversion of energy and burner technology, efficiency and utilisation ratios, heating boilers.

4th Year:

Provision of heat:

Gas appliances and supply.  Large boilers, hot water and steam boilers. Heat exchangers.  Steam boilers.  Combined heat and power generation. Exhaust gas cleaning.

System concepts:

Design and calculation of systems (oil and gas fired systems, distant heating systems, steam heating systems); statutory regulations, standards and guidelines.

Design of renewable energy systems:

Basic principles; systems (solar, thermal pump and biomass systems); dimensioning.

5th Year:

Ventilation and air-conditioning engineering:

Calculation of cooling load and energy requirement, systems and components.  Design and calculation of ventilation and air-conditioning systems, heat recovery.

Refrigeration technology:

Set-up and method of operation of cold and hot pumping systems, design of air-conditioning systems.

7.5 SANITARY ENGINEERING AND WATER SUPPLIES

Training and Teaching Aims:

The student will:

-
have a thorough knowledge of the requirements, procedures and systems of water supply and drainage, especially in residential and industrial buildings.

Contents:

3th Year:

Use of water:

Water quality, water protection.

Planning of sanitary systems:

Principles, illustration in drawings; schematic drawings, assembly drawings.

Water supply in buildings:

Facilities, water requirement variables, supply systems, determination of pipe diameters.

4th Year:

Drinking water and the heating of water for industrial use:

Systems, heat loss, requirement variables, design.

Disposal of water from sites:

Systems, components, requirement variables, design, indication of elevation of drainage systems.  
Development of water sources:

Sources, springs.

On-site water supply:

Systems and components.

5th Year:

Firefighting pipework and systems.

Pressure increase systems:

Systems, components.

Rainwater storage and use:

Systems, components, calculation.

Public water supplies:

System parts, water distribution.

Pumping systems in the local area:

Systems, components, design.

Basic principles of the storage of water.

Public drainage:

Systems, components.

7.6 ENERGY PLANNING

Training and Teaching Aims:
The student will

-
be able to develop an energy concept oriented towards technical and economic aspects for a given problem relating to his special training focus;

-
be able to make optimum use of regenerative energy technologies both from a technical and economic point of view.

Contents:
5th Year:

Optimisation of the energy concept:

Selection of building system, heat protection measures, energy carriers and the heating system.  Energetic assessment, key energy figures, energy requirements, energy supply systems.

Public subsidies.  Ways of recovering heat in residential homes, commercial property and in agriculture; energy accounting.

Energy advice:

Case studies.

7.7 MEASUREMENT- AND  CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, conversion and transmission of measurements.


Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for Counting units, analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control technology:

Overview.   Actuators, servo components.

Process control technology and bus systems.

7.8 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models. Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing.  Principles of TQM.

7.9 CONSTRUCTION EXERCISES

Extension and continuation of the compulsory subject "Construction Exercises and Product Development" in Section A.

Contents:

5th Year:

See Section A onwards:

Projects relating to the compulsory subjects "Building Engineering Machinery", "Heating, Air-Conditioning and Refrigeration Engineering" or "Sanitary Engineering and Water Supplies".

7.10 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

Contents:

4th Year:

Program-controlled machine tools:

 CNC programs.

Electrical engineering:

Connecting electrical machines.  Commissioning power consumers, measurement, switching and control devices.

Open-loop and closed-loop control technology:

Elements of open-loop control technology, modules, basic logical functions, designing circuit diagrams, time-dependent control systems.  Heating engineering control systems.

Production preparation:

Computer-aided work planning, work control and work assignments, production costing, statistical analysis.  Keeping of practice-related files; storage.

Technical building fittings:

Commissioning of sanitary engineering and water supply systems, heating systems, thermal pumps and gas appliances.  Working on refrigeration circuits. Maintenance and servicing of measurement devices.

5th Year:

Program-controlled machine tools:

Manual and computer-aided programming; use of various tools on machines.

Open-loop and closed-loop control technology:

Recording and processing of signals, permanently wired and freely programmable open-loop control systems. Working out of possible solutions for complex industrial control tasks.  Typical applications relating to technical building fittings.

Production measurement technology and quality assurance:

Measuring with mechanical and electrical length meters and calibres, preparation of quality data; , sequence of testing, repair and prevention of faults; quality reporting.

Technical building fittings:

Settings and fault repairs on pumps, heating, ventilation, refrigeration and air-conditioning systems.

7.11 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3th Year:

Mechanics workshop:

Milling and drilling work to an increasing level of difficulty.  Milling and drilling according to a system of co-ordinates. Heat treatment of steel, hardness testing. Grinding.  Manual programming of numerically controlled milling machines and lathes.   CNC programs.  NC production.

Production preparation:

Production planning and control.  Work assignments.  Preliminary costing and statistical cost accounting. Acquisition.  Maintenance of standard files; storage.  Logistics of waste management (waste management concept).

Electrical engineering workshop:

Low-voltage installation. Commissioning and maintenance of distribution, safety and switching equipment taking electrical and mechanical protective measures into account. Connecting electrical machines. Commissioning of electrical equipment. Fault analysis in electrical and electronic devices and systems.

Installation technology:

Installation work on local water supply systems and pipe networks. Installation and commissioning of pumping systems.  Drinking water and industrial water pipe systems, heating and provision of service water with supplementary fittings and components.  Assembly of sanitary objects and precision fittings. Laying drainage pipes.  Laying gas pipes; leak tests. Gas appliances, exhaust gas systems.

Heating, air-conditioning and refrigeration engineering:

Heating systems (selection and laying of pipes, fittings), connection of heat generators (heating boilers, collectors), heat distributors and water consumers (radiators, underfloor heating, wall heating, convectors, water heaters).  Connection and commissioning of ventilation systems.  Structure of a refrigerant circuit.

B.8 ENVIRONMENTAL TECHNOLOGY

8.1 APPLIED CHEMISTRY, BIOLOGY AND ECOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the regularities and methods of chemistry relevant to our daily lives and to professional practice and of relevant chemical production and disposal techniques;

-
be able to recognise the possibilities and limits of technical, economic and ecological assessments of products;

-
have a basic knowledge of micro- and macrobiology;

-
have a knowledge of the necessary scientific methods used for observing and examining organisms and understand the process of evolution.

Contents:

3th Year:

Biology:

Cell (structure, functions), metabolism.  Microorganisms (bacteria, viruses, fungi).

Ecology:

Systems.  Adaptation of organisms to the environment.  Eco-systems (balances, mutual reactions, anthropogenous invluences; natural landscapes, cultural landscapes).

Bio-chemistry:

Carbohydrates, fats, proteins, hormones, enzymes, photosynthesis. Nucleic acids; genetics and the genetic code; transcription, translation; reproduction.  Bio-technology; genetic engineering.

8.2 PRODUCTION ENGINEERING AND MACHINE COMPONENTS

Supplement to or continuation of the compulsory subjects Production Engineering and Machine Components in Section†A.

Contents:

3th Year:

See Section A onwards:

Sheet metal working:

Cutting; bending, deep drawing.  Tools, machinery.

Separating and cutting:

Cutting procedures; the geometry of cutting.  Cutting forces, materials.

Materials:

Special materials (metallic and non-metallic) and composite materials.

Hydraulics and pneumatics:

Pressure; operating resources.  Hydraulic and pneumatic drives.  Components.

8.3 BUILDING AND DOMESTIC INSTALLATION

Training and Teaching Aims:

The student will:

-
be acquainted with the mechanical components of an industrial plant  and of domestic installations and utility technology and be able to solve simple tasks.

Contents:

4th Year:

Components of industrial plant:

Pipeline construction (characteristic curves, pipeline networks).  Apparatus building (heat exchangers, tanks).  Machinery (pumps, compressors, continuous mechanical handling equipment). Corrosion, corrosion protection.

5th Year:

Heating technology:

Basic principles, heating loads in buildings, annual energy consumption.  Conventional and alternative heating systems, design and calculation.

Ventilation, air-conditioning and refrigeration technology:

Principles of hygiene, ventilation regulations, cooling load calculation, systems and components of ventilation and air-conditioning systems, heat recovery, optimisation of domestic systems and buildings as overall systems.

8.4 PROCESS ENGINEERING

Training and Teaching Aims:

The student will:

-
have a knowledge of the basic principles of process engineering and the main apparatus and machinery for mechanical, thermal and chemical conversion of substances;

-
be acquainted with systems for reducing emissions of hazardous substances and recovering valuable materials.

Contents:

4th Year:

Basic operations in mechanical process engineering:

Treatment of solids (comminution, sorting, compacting). Mechanical separation of particles from liquids and gases (filters, separators, centrifuging, cyclones).

Basic thermal process engineering operations:

Treatment of liquid and gaseous substances and mixtures of substances. Physical ways of separating fluid substances (adsorption, absorption, distillation, extraction), calculation processes.

5th Year:

Chemical and bio-chemical reactors:

Reaction kinetics, thermodynamics of chemical processes, combustion, material and thermal balances.  Structure of apparatus.  Biotechnological processes. Combination of process engineering operations and their reproduction in flow diagrams.

Special process engineering systems.

8.5 POWER ENGINEERING AND ENVIRONMENTAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
acquire a basic knowledge of the set-up, method of operation and operating performance of modern energy conversion and supply systems and their effect on the environment;


-
be acquainted with environmental engineering processes and be able to draw up simple system concepts himself.

Contents:

3th Year:

Waste management:

Domestic, trade and industrial refuse, special waste, occurrence of refuse, avoidance, recycling, incineration, composting, dumping of refuse, refuse as a raw material, treatment of special waste.  Plant and transportation systems. Economic feasibility of the various technologies, technical aspects of emissions.  Preparation of contaminated ground.

Noise:

Physical principles, calculation processes.   Noise (origin, dispersion, measurement and calculation).  Noise abatement measures.

4th Year:

Prevention of air pollution:

Meteorological principles, meteorological measurements; gaseous, liquid, powdery air pollution.  Olfactory substances (elaboration and evaluation).  Emission/immission cadastre from a national and international perspective; separation of impurities (filters, cyclones, adsorbers, washers).

Service and waste water:

Occurrence, composition, preparation technology.  Treatment of communal and industrial waste water, circulation systems, sewage treatment plant (design, calculation, planning).  Occurrence and treatment of sludge.  Small sewage treatment plant, biological sewage treatment plant.  System comparison and projectors from a functional and economic point of view.  Technical aspects of emissions.

5th Year:

Power engineering:

Power stations; combined heat and power generation; distant heating systems.  Alternative and additive energies from the sun, wind, hydrogen, biogas, biomass, geothermics, tides, fuel cells.  Measures for saving energy. Thermal insulation, heat recovery, thermal pumps.

Energy planning:

Energy requirement, energy distribution, energy transportation, energy storage, energy costs, Energiekosten, business administration and economic aspects of individual consumers and the economy.  Organisation of energy management.  Power engineering from an economic and ecological point of view (feasibility comparisons).  Generation and conversion of energy, materials and energy balances.

8.6 OPERATING AND SAFETY ENGINEERING

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be acquainted with operational safety requirements and be able to apply them in planning and monitoring the systems.

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4th Year:

The science of labour organisation and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models. Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques).  Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Principles of capital budgeting (static, dynamic).

5th Year:

Controlling:

Tactical planning and control.   Formal goals (success, feasibility, liquidity).  System-oriented company management.  Strategic and operative controlling.

Quality management:

Quality systems, quality planning, quality control, quality testing. Costing and controlling.  Principles of TQM. Computer-aided quality assurance.

Safety engineering:

Legal principles of employee protection, civil protection, radiation protection, preventative fire protection, explosion protection, operating systems subject to licenses, threshold limit values, limit values, handling dangerous goods, duties of the safety officer, work-related illnesses.

8.7 MEASUREMENT- AND  CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4th Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, conversion and transmission of measurements.


Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for counting units,  analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5th Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control technology :

Overview.   Actuators, servo components.

Process control technology and bus systems.

8.8 CONSTRUCTION EXERCISES

Extension and continuation of the compulsory subject "Construction Exercises and Product Development" in Section A.

Contents:

5th Year:

See Section A onwards:

Projects relating to the compulsory subjects "Installation Building and Domestic Installations" or "Power Engineering and Environmental Technology".

8.9 LABORATORY

Extension and continuation of compulsory subject "Laboratory" in Section A.

Contents:

5th Year:

See Section A onwards:

Exercises relating to the compulsory subjects „Production Engineering and Machine Components“, „Installation Buildings and Domestic Installations“, „Process Engineering“, „Power Engineering and Environmental Technology“ and „Operational and Safety Engineering“.

8.10 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

Contents:

4th Year:

Program-controlled machine tools:

 CNC programs.

Electrical engineering and closed-loop control technology:

Connecting electrical machines. Commissioning power consumers, measurement, switching and control devices.  Elements of control technology, design of circuit diagrams, time-dependent control systems.  Heating engineering control systems.

Production preparation:

Computer-aided work planning, work control and work assignments, production costing, statistical analysis. Keeping of practice-related files; storage.

Environmental technology and building engineering

Working on heating systems, alternative energy generation systems, gas appliances and refrigeration circuits.  Settings and fault repairs on pumps, heating, ventilation, refrigeration and air-conditioning systems.

8.11 WORKSHOP

Continuation of compulsory subject "Workshop" in Section†A.

Contents:

3th Year:

Mechanics workshop:

Working on numerically controlled machine tools, programming numerically controlled milling machines and lathes.

Sheet metal working and structural steel engineering:

Working on metal plate processing machines and pneumatic and hydraulic working equipment.  Spot welding.  Execution of structural steel works in common welding techniques (bevel preparation, tacking and welding sequences according to welding schedule).  Application of joining and fastening systems used in structural steel engineering. Corrosion protection by painting; application of coating materials.  Components of ventilation technology.

Gas, water and heating installation:

Connection of utility fittings, heating systems and sanitary equipment. Leak testing.  Laying of utility, drainage and exhaust gas pipes.  Detection and repair of faults on pipes and equipment.  Alternative energy and solar systems.

Electrical installations:

Basic electrical engineering skills. Low-voltage installation. Installation, commissioning and repair of systems taking electrical and mechanical protective measures into account.  Connection, commissioning and operational testing of power consumers; measurement, switching and control devices.  Screening and switching off electrical plant and monitoring in idle state. Detection and repair of electrical faults.  Set-up, testing, commissioning and maintenance of open-loop control systems.  Fault analysis and repair.

Production preparation:

Computer-aided work planning and control.  Work assignments. CAD-CAM coupling. Preliminary costing and statistical cost accounting. Acquisition.  Maintenance of standard files; storage.

B.9 WEAPONS ENGINEERING

9.1 MECHANICS

Extension and continuation of compulsory subject "Mechanics" in Section A.

Contents:

3th Year:

See Section A onwards:

Strength of materials:

Plain stress.  Buckling.

Dynamics:

Elastic and inelastic collision processes.

9.2 PRODUCTION ENGINEERING

Continuation of compulsory subject "Production Engineering" in Section†A.

Contents:

3th Year:

Sheet metal working:

Cutting; bending, deep drawing.  Tools, machinery.

Separating:

Autogenous flame cutting, plasma cutting, laser cutting, high pressure fluid cutting .

Stripping:

Electroerosion.  Electrochemical stripping.

Cutting production:

Cutting geometry, formation and shapes of cuts, cutting forces, cutting materials. 

4th Year:

Cutting production:

Processes, areas of application.

Machinery:

Designs, mounts, guides, drives, linear axles, path measuring systems, gears, carrier plates (fixed, switchable).  Tool magazines, tool changers, clamps.

Tools:

Forms of cutting tools (turning, milling, drilling and grinding tools); process-specific characteristics (performance, stability, chip removal, cost).

Open-loop control systems:

Types of open-loop control system, programming.  Computer-aided programming methods.

Year 5:
Data entry and processing:

Machinery and operating data.  Technology, tool and machinery databases. DNC technology.

Selection of production processes:

Performance and quality optimisation.  Unit costs (influencing variables. Serial and batch sizes); tool types and number (universal, form, multiblade and active tools). Service life; repair; spares.

Treatment procedures:

Microfinishing.  Application of laser, electron and liquid honing; ultrasound; precision forging), etching. Die-casting, centrifugal casting and injection moulding.

9.3 WEAPONS ENGINEERING

Training and Teaching Aims:
The student will

-
be acquainted with the method of operation of firearms and shooting equipment;

-
be able to record and describe the work movements occurring in weapon systems.  
Contents: 
3th Year:

Hand guns:

Historical development, classification.

Drop barrel weapons:

Designs, types of action, types of lock, gun barrels, barrel devices, Morris tubes, sights.

Statutory regulations:

Weapons laws, NORM definitions, firearms actions.
Revolvers:

Classification, features and functions, designs.

4th Year:

Firearms:

Firearm with single-loader mechanism and with cylinder and block lock.  Multi loader or repeater with cylinder lock, lever action rifler,. Sports guns, firearms with compressed air or carbon dioxide as the propellant.  

Spring components:

Bending and torsion springs.

5th Year:

Firearms:

Semi-automatic firearms, handguns, firearms, fully-automatic firearms, firearms with external drive
Sub-assemblies:

Barrel, lock system, trigger system with safety catch, loading devices, housings, storage of weapons.

Spring components:

Magazine spring, gas operated spring.

9.4 MUNITIONS, BALLISTICS AND TECHNICAL FIREARMS OPTICS  
Training and Teaching Aims:
The student will

-
be acquainted with the components and structure of munitions;

-
be able to describe and calculate ballistic procedures;

-
be able to evaluate targets using statistical methods;

-
be acquainted with the set-up and function of mechanical and optical target devices :

Contents: 
3rd Year:

Exterior ballistics :

Movement of projectile without air resistance (trajectory, summit, velocity, direction angles, time of flight, Haupt's formula).  Trajectories with constant angles of departure.  Shooting at inclined surfaces.  Movement of projectile in the air (air drag, laws of air drag).  

Exterior ballistic measuring procedures.

4rd Year:

Weapon optics 

Electromagnetic waves (spectrum, interference, diffraction, polarisation). Photometry.  Terrestrial telescopes.  Light amplifiers.  Radar. Infrared appliances.

5th Year:

Munitions technology:

Structure; applications.  Noise phenomena from the shot (?).  Stabilisation of weapons.

Terminal ballistics:

Shot dispersion  (theory, probability of hitting target).  Evaluation of dispersion patterns.

9.5 MACHINERY AND SYSTEMS

Training and Teaching Aims:

The student will:

- be acquainted with the set-up, method of working and operating performance of common power engines and working machinery and with the major features involved in their economic use;

- be able to calculate their main dimensions.

Contents:

5th Year:

Lifting and conveyance machines:

Types; main dimensions, operating performance.

Hydrodynamic machines:

Types; pumps, compressors, water turbines, steam and gas turbines (main dimensions, operating performance).

Systems for the production of conventional energy and the use of alternative energy.

9.6 MEASUREMENT TECHNOLOGY, OPEN-LOOP AND CLOSED-LOOP CONTROL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be acquainted with the measurement technology and open-loop and closed-loop control technology processes relevant to his specialist field and the models and methods of operation of the devices in use in practical situations;

-
be acquainted with and be able to observe the relevant regulations and standards.

Contents:

4rd Year:

Measurement equipment:

Characteristic quantities of measurement equipment.  Transducers, conversion and transmission of measurements.


Analogue measurement procedures:

Procedures for electrical and non-electrical variables.  Sensors and transducers. Transmission of measurements. Indicator devices.

Digital engineering:

Characteristic quantities.  Logical links. Encoding.  Digital measuring processes (measuring processes for counting units, analogue/digital converters, digital/analogue converters). Microcomputer technology.

Open-loop control technology:

Distinguishing features and basic structures of open-loop control systems. Registration of control tasks in accordance with the law.  Components of open-loop control systems.

5rd Year:

Open-loop control technology:

Electromechanical, electronic, pneumatic and hydraulic control systems. Programmable control systems.

Closed-loop control technology:

Closed-loop control technology concepts.  closed-loop elements (types, time response, characteristic curves).  Stability criteria and optimisation of closed-loop control systems.

Multipoint control systems.  Fuzzy logic and fuzzy control.

Automatic control technology :

Overview.  Actuators, servo components.

Process control technology and bus systems.

9.7 OPERATIONAL TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to analyse, assess and solve individual and networked tasks relating to operational planning, decision-making and control;

-
be acquainted with the management functions of organisation, communication, motivation, staff management and the resolution of conflicts;

-
be able to co-ordinate and optimise the use of production factors;

-
be able to solve elementary commercial and operational tasks;

-
be acquainted with and be able to implement the strategies, methods and techniques of quality management.

Contents:

4rd Year:

The science of labour organisation  and human resources:

Basic principles of the science of labour organisation (REFA, MTM); workplace design, basic principles of planning and control.  Logistics. Recruitment and remuneration systems.

Company management and business organisation.

Operational human resources, operational training and further education, staff motivation and incentives, staff management, conflict management, participation schemes, working time models.  Company organisation structure and the structuring of operations. Communication systems; project organisation (project management, project planning, project network techniques). Production factors.

Accounting:

Concepts.  Expenditure.  Expense, costs, cost types, cost centres and cost unit accounting.  Absorption and direct costing.  Principles of capital budgeting (static, dynamic).

Quality management:

Quality systems, quality planning, quality control, quality testing. Principles of TQM.

9.8 CONSTRUCTION EXERCISES

Extension and continuation of the compulsory subject "Construction Exercises and Product Development" in Section A.

Contents:

4rd and 5th  Year:

See Section A onwards:

Projects relating to the compulsory subjects "Production Engineering", "Weapons Engineering" and "Munition, Ballistics and Technical Weapon Optics" . 

9.9 WORKSHOP LABORATORY

Training and Teaching Aims:

The student will:

-
be able to solve and document measurement and testing tasks and special production problems which arise in practical operations in the student's specialist field and which extend beyond the scope of normal workshop training;

-
be able to process practical projects with the instruments of planning, cost accounting, production and quality assurance.

Contents:

4rd Year:

Program-controlled machine tools:

 CNC programs. Special problems in cutting procedures.

Electrical engineering and electronics:

Connecting electrical machines. Commissioning power consumers, measurement, switching and control devices. Fault analysis in electrical and electronic devices and systems.

Open-loop control technology:

Elements of open-loop control technology, modules, basic logical functions, designing circuit diagrams, representation of work movements, path and time-dependent control systems.

Production preparation:

Computer-aided work planning, work control and work assignments , production costing, statistical analysis. Keeping of practice-related files; storage.

5rd Year:

Program-controlled machine tools:

Manual and computer-aided programming; use of various tools on machines.

Production measurement technology and quality assurance:

Measuring with mechanical and electrical length meters, calibres, measurement and profile projectors, surface roughness measurements; preparation of quality data;, testing sequences, fault repair and prevention; quality reporting.

Production preparation:

Computer-aided planning and control tasks, CAD, CAM.

Ballistics and weapons engineering:

Reloading, gas pressure and speed measurements; evaluation of dispersion patterns.

9.10 WORKSHOP

Continuation of compulsory subject "Workshop" in Section A.

Contents:

3rd Year:

Mechanics workshop:

Milling and drilling work to an increasing level of difficulty.  Toothed wheels with dividing attachment. Milling and drilling according to a system of co-ordinates. Lathe work to an increasing level of difficulty. Form by turning, eccentric turning, angular turning, special forms of thread, multiple-start interior and exterior threads.

CNC workshop:

Working on numerically controlled machine tools.

Hunting and sports weapons:

Fitting of breech and barrel, manufacture of lock, fitting and attaching the coching, trigger and ignition system.  Regulation of weapon system. Shafts.  Treatment of interior of barrel.     

Rifle ranges:

Fitting of mechanical and optical target devices.

Production preparation:

Issuing of production drawings; issuing of working papers, handling of workshop instructions.

Electrical engineering workshop:

Low-voltage installations, finishing and laying of lines, production of connections.  Installation circuits.  Commissioning and maintenance of distribution, safety and switching equipment taking electrical and mechanical protective measures into account.

Mandatory work placement

Training and Teaching Aims:

The student will

-
be able to apply the knowledge and skills acquired in theory lessons and practical training programmes to actual business practice.

Organisation and Contents:

Mandatory work placement must last for at least eight weeks; it is advisable to split it into two four-week periods, however. The first part shall mainly comprise handicraft activities, while the second one should provide experience in engineering and business organisation. Preparation and review of mandatory work placement has to include issues on social and labour legislation.

The student has to hand in a mandatory work placement report to the head of the department documenting his activities and acquired skills.

C. Optional subjects, non-obligatory exercises, tutorials.

C.1 Optional subjects

COMMUNICATION AND PRESENTATION TECHNOLOGY

Training and Teaching Aims:

The student will:

-
be able to use language and non-verbal signals systematically, control emotions in a discussion, and hold conversations and give talks and presentations in German and English;

-
be able to effectively put across his own personality and subject matter with technical aids;

-
be able to lead and co-ordinate discussions, meetings and conferences systematically.

Contents:

1st to 4th Year:

Communication, rhetoric and speech techniques:

Preparation of speeches and talks, language formulation, presentation aids.

Presentation:

Technical and structural set-up, preparation of presentation aids, technical aids.

Chairing of discussions:

Leading discussions, summarising statements, time and conflict management.

SECOND MODERN LANGUAGE

(French, Italian, Spanish, Serbo-Croatian, Hungarian). Compulsory subject English shall apply analogously.

C.2 NON-OBLIGATORY PRACTICE

PHYSICAL EDUCATION

See Federal Law Gazette 37/1989

C.3 TUTORIALS
Training and Teaching Aims:

Students who show a contemporary performance drop, but are principally qualified and prepared to work, will be provided with knowledge and skills needed to achieve training and teaching aims.   

Contents:

Contents of the corresponding compulsory subject shall apply analogously; they are limited to repetitions and exercises.
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