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Abstract This paper presents a method for applying the ISO 10303 238 (AP 238) standard for programming
CNC machine tools and robots for machining operations. The method encompasses programming,
simulation, and machining by machine tools and industrial robots as part of current and future
research at the University of Belgrade Faculty of Mechanical Engineering. Application and
validation of methodology for programming according to STEP NC protocol are performed using
available CNC machine tools and industrial robots, with the following tools: (a) commercial
CAD/CAM software, (b) STEP NC Machine software with configured virtual machine tools and
virtual robots, as well as (c) developed translators for generation of G code and/or robotic
programming language. STEP NC provides new opportunities to support high level information
from design to CNC controller. This implies further evolution of the CNC system they will act using
STEP NC standards as an interface between CAD and CNC in the era of Industry 4.0.
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Fig. 1.

2. STEP NC LITERATURE REVIEW
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Fig. 2.
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2.1 Research project overview
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2.2 Levels of research strategies related to
STEP NC

Fig. 3.
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2.3 STEP NC based platforms for robotic
machining
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3. METHODOLOGY FOR THE APPLICATION
OF PROGRAMMING BASED ON THE STEP
NC PROTOCOL
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Fig. 4.

3.1 Scenarios for STEP NC based
programming
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Fig. 5.
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4. CONFIGURING OF VIRTUAL MACHINE
TOOLS AND ROBOTS IN STEP NC
ENVIRONEMNT
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Fig. 6.

4.1Configured virtual machine tools
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Fig. 7.

4.2 Configured virtual robots

Fig. 8.
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4.3Web interface for the virtual machine
tools and robots for machining

Fig. 9.
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Fig. 10.

5. PROGRAMMING ROBOT FORMACHINING
BASED ON STEP NC

Fig. 11.
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Fig. 12.

6. DEVELOPED CONVERTORS FORMACHINE
TOOLS AND ROBOTS FORMACHINING

Fig. 13.
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7. DIGITAL THREAD FORMANUFACTURING
CAD CAM STEP NC CNC

Fig. 14.
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8. EXPERIMENTAL VERIFICATION OF STEP
NC PROGRAMING IN ACTUAL
PRODUCTION CONDITIONS

8.1 Benchmark test

Fig. 16.
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Fig. 17.

8.2 Mill machining experiments

Fig. 18.

Fig. 19.
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8.3 Machining experiments on lathe

Fig. 20.

8.4 Robot machining experiments
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Fig. 20. Fig. 21.
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Fig.22.

9. CONCLUSION
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