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INTERACTIVE 3D PRESENTATION AS A TOOL IN LEARNING  
OF THE TECHNOLOGICAL PROCESSES DESIGN 

Abstract:  Paper describes 3D interactive e-learning application developed for teaching the 
design of technological processes. This application is a part of project ”INTEREDU – 
Interactive Education of Engineer”, intended to provide applications supporting different 
aspects of engineering education. Applications are presented in 3D environment and should 
allow full or partial interactivity.  

1. Introduction 

Education of engineers in conditions of dynamic progress in many fields of knowledge 
becomes more difficult task because of growing number of issues to teach and its growing 
complication level. The number of subjects is growing, while number of lessons is fixed, 
consequently there is less time for teaching specific subjects. In this situation there is a need 
to develop more effective and attractive methods of teaching. 

Distant learning and e-learning are examples of solutions of modern education. E-learning 
term covers many aspects and methods of learning with use of electronic media, used in 
different situations. In some cases it can completely replace classical forms of learning.  One 
of the most important advantages of e-learning is that it allows to provide education for 
disabled people, unable to take part in classical forms of education [1]. It can also provide 
education to people living in remote locations, without easy access to classical education.  

Generally its application is limited because of inability to cover all aspects of education 
and other limitations. Especially application of e-learning in technical education is difficult 
because of need to provide laboratory experiments. 

Practically nowadays more often used method is blended learning, combining classical 
learning with a support of some e-learning techniques in form of multimedia materials and 
courses [2].  

Development of modern multimedia technologies and the growing popularity of 3D 
images presentation, combined with decreasing prices of this technology (hardware and 
software) allows the use of virtual reality 3D technology in education, especially engineering 
education. Application of 3D image allows clear and understandable presentation of complex 
issues, requiring expensive laboratory equipment and materials. 3D virtual reality applications 
can be interactive, allowing presentation of tasks that are very difficult or expensive to 
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provide in reality. It also allows to present modern and expensive equipment without need to 
buy it. Presentation of processes taking place in inaccessible places, micro-scale, macro-scale 
or extreme temperature, radiation or pressure conditions is also possible.  

Scientists of Faculty of Mechanical Engineering, Silesian University of Technology took 
part in development of project ”INTEREDU – Interactive Education of Engineer” as authors 
of content, together with i3d company, responsible for 3D modeling and programming. 
Project has been funded by European Union, European Social Fund – Human Capital.  

Paper presents one of applications developed in “Interedu” project, intended to support 
learning of technological processes design.  

2. Interactive engineer education support with the use of virtual reality and 
3D technology 

Distant education methods are difficult to apply in technical education because of need to 
use laboratories and special equipment [3]. Therefore, there are many attempts to omit this 
limitations, resulting in different applications using virtual reality, virtual and remote 
laboratories [4, 5, 6, 7, 8, 9].  

Technical sciences belongs to group of sciences difficult to be completely learned using e-
learning techniques, furthermore there is a need to make lectures more attractive and better 
explaining technical issues, more understandable for members of modern information society. 
These reasons resulted in realization of ”INTEREDU – Interactive Education of Engineer” 
project. Interactive educational materials provided in the project has been designed for 3D 
presentation. The primary method of presentation requires 3D projector and special glasses 
allowing 3D picture reception. 3D projection set can be provided in portable or stationary 
version, installed in classroom. Stationary version is based on twin 3D projector and requires 
polarised passive glasses, allowing participation of up to 120 students. Portable 3D 
presentation set designated for use in smaller classrooms, consists of a laptop computer and a 
portable 3D projector, requiring active shutter glasses for 3D picture reception. In both cases 
picture is displayed on typical projection screen.  

3. Application supporting learning “The technology of machines” subject 

During the Interedu project realisation many applications supporting learning of different 
subjects has been developed. Most of applications are prepared for learning technical subjects 
that require access to specialised laboratories or production plants, are difficult to present in 
normal conditions or very expansive. Application described in paper is designed for support 
learning the technology of machines. It should allow to show issues of designing 
technological processes without the need to visit actual production plant. The main part of 
application is presenting exemplary technological processes of machining. The design of 
technological process is shown from the beginning – firstly presentation of basic possibilities 
of machining using different types of machines, secondly preparation of technological process 
documentation, in the last stage simulation of machining using specific machines is available.  

The exemplary technological process available in the application is presented in a few 
variants, using different types of machines (conventional, CNC) and a different stock. 
Application is focused on machining, other technologies like thermal treatment or incremental 
technologies are presented in other applications, as well as many other aspects of machining.  
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Rules of technological processes organisation, typical technological operations, tools, 
machines  and structure of technological processes [10] are also presented in the application.  

The main scene of 3D presentation is production engineer office – a room with desk and 
shelves, technological documentation and education materials are collected in file binders. 
The simulation of machining takes place in a workshop equipped with required machines.  

Issues presented in application can be divided into two main groups: exemplary 
technological processes and additional materials explaining the rules of technological 
processes design. 

 
Technological processes 
There are three technological processes modelled in the application, each represented as a 

file binder on the desktop in the technological office. File binders contains a complete set of 
technological documentation.  

The main document of the technological process is a technology card, containing list of 
technological operations necessary to manufacture required part. The operation is a primary 
part of process, executed continuously on selected machine. Picking the one of operations 
user of application can move to one of instruction cards, containing detailed description of the 
operation and technical drawing showing surfaces to be machined, its shape, surface quality 
and dimensions after machining (Fig. 1). By clicking description of cuts user can move 
further to simulation of operation. The simulation is presented on 3D model of machine. 
Simulation shows how machine is working during operation, starting from fixing a stock on 
the machine presentation, then basic cuts and tools changes (if necessary) are presented.  

Technological processes presented in application: 
• machining of the shaft - rod type stock, 
• machining of the shaft - forged stock, 
• machining of the shaft with use of CNC lathe. 
 
Available simulations of technological operations are as follows: 
• cutting off rod piece on metal cutting band saw, 
• milling the faces of stock and centering – drilling the centre holes, 
• roughing of shaft using universal lathe (Fig. 2), 
• shaping of shaft using universal lathe, 
• roughing and shaping using CNC lathe, 
• milling of keyway using universal miller, 
• milling of gear using gear hobbing machine (Fig. 3), 
• finishing of surfaces – grinding. 
 
Each machine can be viewed from different angle and zoomed, some parts of machines are 

linked – moving of lathe support causes rotation of knob or handwheel. Machining simulation 
can be replayed. 
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Fig.1. Instruction card of roughing 

 

 
Fig.2. Roughing of shaft using universal lathe 
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Fig.3. Gear milling using gear hobbing machine 

 
Additional materials 
There are additional materials and simulations showing some important issues helpful 

when learning the technological processes design available in the application: 
- the production plan and its impact on design of the technological process –charts, 
- the technological processes – fundamentals - informational chart, 
- the interactive exercise - setting a proper order of the technological operations, 
- machines – presentation of typical machines (universal lathe, universal milling machine, 

metal cutting band saw, cylindrical grinder, milling-centering machine, gear hobbing 
machine), each machine can be viewed from different angle and zoomed; a control panel 
window is available, allowing to move main modules of machine, switch on spindle rotation 
etc,  

- typical operations carried out with milling machines (cylindrical milling, frontal milling, 
keyway milling), 

- typical operations carried out with lathes (sliding, facing, conical turning, cutting and 
grooving, threading, boring, drilling), 

- tools used in turning, milling and other operations - 3D models of tools: turning (ISO 1-
13), milling (face cutter, modular cutter, hobbing cutter etc.) and other tools. 

4. Conclusion 

Application presented in article is used as a support during the technological processes 
design lectures, being a kind of virtual laboratory. Students taking part in lectures with 3D 
interactive presentation support confirmed that this form of lectures support it is a significant 
facilitation and allows to see thing difficult to show and explain in conventional laboratory or 
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production plant. The application allows to show details of technological process without the 
need to visit a production plant and expose to production plant conditions – loud noise, coolant 
spattering around during metal cutting and obscuring the view of machining. It is also possible 
to show processes taking place under covers of machines, in high temperatures or under high 
pressure.  

Probably virtual reality simulation will not eliminate entirely need to visit actual production 
plants and contact with real machines, but it allows to shorten process of learning. This form of 
presentation is also attractive for students used to modern forms of communication and 
expecting contact with contemporary technology. Important advantage of 3D interactive 
presentation for university is that it can be easily upgraded when new technologies and 
machines are introduced, it is also much cheaper than buying machines as a laboratory 
equipment.  
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