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3.1 Publishable summary 

 

Project context and objectives 
 

HEPHESTOS' main objective is to develop novel technologies for the robotic hard material 

removal that will provide standard industrial robots with advanced techniques in machining 

planning, programming and real-time control, and make available a promising and practical 

use of industrial robots for machining applications that is not possible at present. 

 

Hard materials machining has recently attracted great attentions from the advanced industries, 

in particular, the European automotive, the aerospace and the biomedical industries. 

However, the existing technology failed to provide these industries with a cost efficient 

solution to cope with small-batch production of large and complex-shaped products. The 

project HEPHESTOS, with its focus on developing sophisticated methods in robotic 

manufacturing, shall give rise to a cost-efficient solution in hard materials machining for this 

small-batch production of highly customized products through the application of industrial 

robots. 

 

HEPHESTOS is developing a novel paradigm that shall provide standard industrial robots 

with break-through techniques in machining planning, programming and real-time control. 

Based on established computer-aided-manufacturing frameworks, HEPHESTOS will 

optimize machining planning through the automatic generation of robotic program, taking 

into account specific robot signature i.e. robot system kinematic and dynamic characteristics, 

as well as models of processes (milling, grinding, polishing etc.), that are essential for the 

robotic application in hard material machining. To cope with small batch production time 

scales, real system data obtained by means of advanced sensor techniques will be integrated 

in the planning to improve efficiency. Human experience and expertise will also be involved 

in the entire planning process. Real-time control strategies based on impedance and force 

control for the interactions between robot and the cutting of material, will take into account 

uncertainties and critical chattering effects in hard metal machining. Force-feed control 

should ensure high quality and precision in grinding and polishing operations and thus, 

extends the accuracy limits of the robot. Subsequent re-planning and re-programming will 

enhance the iterative machining process through existing sensor technology. 

 

Through this methodology, HEPHESTOS will combine robotic advantages with the 

flexibility of human-like strategies of dexterous artisans and workmen to develop a plug-and-

play flexible robotic metal removal system. In addition, HEPHESTOS would utilize and 

further develop flexible and truly open robot control and planning platforms. The key 

innovations of the HEPHESTOS will ensure substantial improvements of industrial robots 

technology in hard material machining and establish cost-efficient robotic applications in 

industry that are of considerable commercial benefits for the European machining sectors, 

pertinent and affordable to both small-and-medium enterprises and large scale producers. 
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Work performed since the beginning of the project and main results 

 

The work performed in the first 12 month period of the project has mainly been focussed on 

the definition of the project development requirements, specifications and conceptional 

design of the target prototype modules and systems. The specification of industrial and 

development requirements on hard metal robot machining system have been collected and 

summarized in technical deliverables. These deliverables have presented the preliminary 

analysis and experience with robot applications for manufacturing including the following:  

 

 shortcoming and limitations of the state of the art robotic systems (considering also 

recent hybrid CNC/robotic control systems);  

 technical and economic issues with special emphasis on critical points as efficiency of 

the planning and programming for small-batch products,  

 robustness and performance of robot control for the hard metal machining 

 tools and robot life-cycles issues,  

 human-robot interaction and  

 utilisation of apriori knowledge.  

The specific requirements on elemental system modules: planning and programming, sensory 

and control systems, human-robot interaction, have also been specified. 

Based on these specifications, a global prototype systems conception and architecture design, 

including all relevant parts and use-case scenarios, has been described. The guidelines and 

criteria for the evaluation of the novel system technologies to be developed in the projects 

have been defined. The achieved results presented in the document provide a guide for the 

further project development in subsequent work packages. 

 

An international HEPHESTOS Workshop has also been organized with the aim to present the 

latest developments of robot machining in the industry and research: the development of 

novel industrial robotic systems for machining, the results of EU FP7 project COMET, as 

well as various recent theoretical and experimental results. The goal was to initiate an open 

discussion among potential end-users from numerous industry sectors, industrial robot 

developers and integrators, as well as researchers concerning actual requirements, transfer of 

novel techniques and the future developments. A panel/roundtable discussion during the 

Workshop entitled “How the Industrial Robots Meet the Machining Requirements” has been 

organized with the goal to examine the practical actual problems in robotic machining, 

especially considering end-user needs and requirements, and to gather specific requirements 

on HEPHESTOS project developments.  

Based on the elaborated requirements and specifications, a global prototype system 

conception and architecture design, including all relevant parts and use-case scenarios, have 
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been specified as a guide for the further project development. A project picture has been 

elaborated that illustrates main project modules and developments. 

 

 

Project picture presenting key HEPHESTOS developments 

 

The main goal of the work in the second project phase was to develop concepts and 

architectures for basic HEPPHESTOS modules: 

 Sensory system 

 Planning and programming 

 Machining control 

 Human-machine interfaces 

From different points of view, such as 

 Functions, 

 Implementation, 

 Operation, and  

 Integration. 

The main goals were to define clear concepts and specify involved functions taking into 

account all components, environments, interfaces, etc. Nevertheless commissioning and 

system integration issues have been also specified. The preliminary design goals have been 

completely achieved in a way that will considerably facilitate modules developments, 

implementation and integration in the next project phase.  
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Based on the requirements analysis, the essential systems developments that should/can be 

realized in the second project year have been identified and specified. The available off-the-

shelf components, sensors, SW etc. that can be employed in the project, have been clearly 

identified and development has been focused on really novel and inevitable components.  

To facilitate those relatively complex developments, the available resources have been also 

analysed and optimally employed. A big support for the developments will provide:  

 Available setup systems (C4GOpen robots at IPK, UPM, standard robots and 

measuring techniques at UiA, robotic machining tools and peripheries, as well 

peripheral systems at integrator premises G-Robot and MAG), which will allow 

continuous system development and testing; 

 Use-case robot COMAU NH3 and C4GOPEN system which is provided by COMAU 

to support system integrations and testing at MAG premises 

 Realistic robot models libraries also provided by COMAU including novel open robot 

ORL libraries 

 Licences of Easy-Rob tool that are distributed to all partners involved in the 

reprogramming system developments. 

Last but not least, a very good teamwork and established cooperation shall provide good 

background to complete all planned work with good success. 

 

Expected final results and their potential impact 

 

The long term vision of the HEPHESTOS project is to enable the application of advanced 

machining robots for small-batch production in a wide range of small scale and craft 

manufacturing industries. The HEPHESTOS modules (planning and programming, user-

interfaces, control and sensory systems) and its open interface approach will provide an 

enabling technology for the implementation of flexible robotic machining cells for hard 

materials. Moreover, the capability of reconfiguring and reusing available equipment in the 

case of product changes, and thus saving investments, is widely recognized as the best 

practice strategy to improve manufacturing efficiency and competitiveness, especially in the 

SME sector. 

 

In utilizing the new technology equipment, end-users will have a substantial commercial 

advantage to cut and control production costs, while improving competitiveness. From this 

point of view, the HEPHESTOS project is in the line with the European policy to improve the 

competitiveness of SMEs so that they may be more effective in the market, creating both jobs 

and wealth. 
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Project partners and contact 

 

1 Fraunhofer-Gesellschaft zur Foerderung der angewandten Forschung e.V. Germany 

2 Comau Spa Italy 

3 JOT Automation Oy Finland 

4 Universidad Politecnica de Madrid Spain 

5 Universitet i Agder Norway 

6 Teknologian Tutkimuskeskus VTT Finland 

7 ME Messsysteme GmbH Germany 

8 Anton Stefan Thomas Michael - Easy Rob Germany 

9 G-Robots Szolgaltato es Kereskedelmi Kft 

 

Hungary 

 

 

Coordinator Contact:  Mr. Gerhard Schreck 

Fraunhofer IPK 

Pascalstrasse 8-9 

10587 Berlin  

   

Phone: +49 30 39006-152 

Fax: +49 30 3917517 

gerhard.schreck@ipk.fraunhofer.de 

 

Project website 

http://www.hephestosproject.eu 
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