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Summary: This paper presents the possibilities of application of a new method of
programming based on STEP-NC standard, which was developed as an alternative to
the G code. This paper discusses the possibilities of application in the field of
simulation and verification of the program before machining and machining on the
available machines. The paper shows the possible methodology for simulation and
verification of programs based on the STEP-NC using IDEFQ diagrams, as well as links
between softwares STEP-NC Machine, CAD/CAM systems and CNC simulator. The
presented methodology is verified by machining of the test workpiece NAS979, based
on STEP-NC program.
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1. INTRODUCTION

At present, in order to survive and develop in the drastically competitive global
market, manufacturing enterprises need to meet the requirements of the shortest
product development cycles, the best product quality, the lowest manufacturing cost,
and the best technical support and after-sales service. In achieving these
requirements, numerical control (NC) machining simulation technology plays an
important role [1].

For more than half a century machine tool programming was based on the G
code, (ISO 6983). Further developments, however, are now being significantly limited
by the current programming language. Machine tools have evolved from simple
machines with controllers that had no memory, driven by punched tape to today’s
highly sophisticated Computer Numerically Controlled (CNC) machine tools. There are
contemporary softwares for high-quality machining simulation such as: (i) tool path
simulation, (ii) simulation of material removal, (iii) simulation of the kinematics of
machines during machining process and spotting the potential collisions, (iv) simulation
of the kinematics of machines during machining process including the simulation of the
cutting process. In this way it is possible to verify program before machining process.
Machine tool programming using G code is characterized by a low level of information

' dr Sasa Zivanovié, assistant professor, University of Belgrade, Faculty of Mechanical Engineering,
(szivanovic@mas.bg.ac.rs)

2 dr Milo$ Glavonji¢, full professor, University of Belgrade, Faculty of Mechanical Engineering,
(mglavonjic@mas.bg.ac.rs)

513



Sasa Zivanovié, Milos Glavonji¢

content. These low level information describe elementary actions and tools trajectories,
strongly reducing possibilities at the CNC level. It also breaks the CAD—-CAM—CNC
numerical chain, and obtaining feedback from the shop floor is hardly possible [2]. It is
necessary to prepare the tool path for each type of CNC machine tools individually
using appropriate postprocessor.

Nowadays a new standard, informally known as STEP-NC (Standard for
Product Model Data Exchange for Numerical Control) [3, 4], is being used as the basis
for development of the next generation of CNC controller for new generation of
machine tools. This new standard is ISO 14649 and ISO 10303 AP 238. In the field of
machine tool programming an open challenge is the new programming method using
standard known as STEP-NC. The development of a new method of programming has
started [5-9], but it is still an unfinished work. The subject of this paper is machining
simulation based on STEP-NC program, using software to verify the program before
machining on CNC machine tool. This is discussed in three environments: STEP-NC
Machine, CAD/CAM system (Pro/Engineer and Creo2), and CNC simulator.

NC machining simulations are divided into two categories: geometric simulation
and physical simulation. Geometric simulation is used to graphically check whether the
cutters interfere with fixture, workpiece and machine tools, damage the part, or leave
excess material behind. As the name implies, physical simulation of an NC machining
process aims to reveal the physical aspects of a machining process, such as cutting
forces, vibration, surface roughness, machining temperature and tool wear [1]. The
subject of this paper refers to the geometric simulation only.

2. STEP-NC

The STEP-NC AP238 standard is the result of a more than ten years long
international effort to replace G code ISO6983 standard with a modern associative
language that connects the CAD design data used to determine the machining require-
ments for an operation with the CAM process data that solve those requirements [8].
The STEP-NC provides new opportunities to support high level information from design
to CNC controller. It allows bi-directional data flow between CAD/CAM and CNC
without any information loose. STEP-NC does not describe the tool trajectories for
specific CNC machine tool as G code does, but it provides a feature based data model
(Fig.1). A STEP-NC file is not machine tool specific and can be used on various
machine tool controllers [2]. Figure 1 show the comparison of current G-code
programming method (ISO 6983) and new STEP-NC high level programming method
(ISO 14649).

The method of programming using the STEP-NC is object-oriented view of
programming in terms of manufacturing features, instead of direct coding of sequences
of axis motions and tool functions as defined in ISO 6983 [9]. The fundamental
principle of the new Data Model is programming in terms of manufacturing features
(hole, pocket,...), instead of direct coding of sequences of axis motions and tool
functions. The combination of manufacturing features and technological information is
referred to as a “working step”. Working steps represent the essential building blocks
of the machining process. Each working step describes a single manufacturing
operation using one tool and one strategy [4].
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Fig. 1 Comparison of current ISO 6983 and new interface ISO 14649 for programming
CNC machine tools [9, 10]

However, classical programming is still there and object-oriented programming
has not been introduced to the full extent. These two methods exist simultaneously as
illustrated in Fig. 1.

3. MODEL OF STEP-NC BASED MACHINING SIMULATIONS

IDEFO is a method designed to model the decisions, actions, and activities of
an organization or system. It is useful in establishing the scope of an analysis,
especially for a functional analysis [10]. IDEFO is used to produce a "function model". A
function model is a structured representation of the functions, activities or processes
within the modeled system or subject area.
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Fig. 2 Top-level IDEFO diagram for STEP-NC based machining simulation

In this paper, function STEP-NC based machining simulations and machining,
are described by using the IDEFO diagram. The special case of one-box IDEFO0 context
diagram, containing the top level function being modeled along with its inputs, controls,
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outputs and mechanisms, is shown in Fig. 2. The single function represented on the top-
level context diagram may be decomposed into its major sub-functions by creating its
child diagrams. Each child diagram contains the child boxes and arrows that provide
additional detail about the parent box. The child diagram that results from the
decomposition of a function covers the same scope as the parent box it details. Top level
child diagram AO describes basic flow of activities and it is illustrated in Fig.3. According
to the IDEFO methodology, by analyzing diagram AO, we get the basic flow of activities
shown in Fig. 3 The basic activities are: A1 - CAD/CAM NC simulations, A2 - STEP-NC
machining simulations, A3 - Postprocessors, A4 - CNC simulator and A5 - Machining.
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Fig. 3 The basic flow of activities for STEP-NC based machining simulations

The activity A1 is performed by machining simulation in CAD/CAM system.
Input into the activity A1 can be CAD models of workpieces, tools in STEP format and
programs in the APT format or G code obtained from the software STEP-NC Machine.
Output from the activity A1 can be CAD model of the workpiece, tools in STEP format,
APT program (CL file), G code or STEP-NC file if CAD/CAM system can generate it.
These outputs are all inputs for activity A2. The activity A2 is performed by machining
simulation in software STEP-NC Machine. Input into the activity A2 can be an original
STEP-NC program in *.stpnc, *.238, *.p21, *.p28 formats. The activity A2 allows the
machining simulation of the available CNC machine tools and generation of STEP-NC
program according to 1ISO10303 as output. Software STEP-NC Machine implements
the activity A3, that allows translation of STEP-NC program into G code for machining
on the existing CNC machine tools. Thus obtained G code can be directed to additional
verification in the CAD/CAM system or in some of the CNC simulators (activity A4).
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Some of used simulators are VeriCUT [11] and CNC Simulator [12]. After verification
of the program in G code, one can safely pass over to the activity A5, where the
machining is realized on CNC machine tools. The application of this methodology is
presented in Chapter 4 using an example of machining test workpiece NAS979.

4. MACHINING SIMULATIONS IN STEP-NC MACHINE, CAD/CAM SYSTEM AND
CNC SIMULATOR

For the analysis of the machining simulation and experiment on the machining
test workpiece based on STEP-NC program, we have used the source program in
STEP-NC format for a test workpiece NAS979 [3]. Test workpiece NAS979 was first
machined during a presentation in Orlando (Florida, USA) [13]. Test workpiece
NAS979 is oftenly used as an example in promotions of STEP-NC. The source
program in STEP-NC format without any corrections can be used for simulation of the
different CNC machine tools, which are available in the software STEP-NC Machine,
activity A2 from the Fig. 3. Examples of some machining simulation on the different
available CNC machine tools, in software STEP-NC Machine, are shown in Fig. 4.

STEP-NC
AP-238 files
(*stpnc., *.238,* p21)
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F
STEP files

(*.stp, *.step,)
APT (*.ncl)

STEP-NC Machine

%
- G code
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N2YO.

N3 52500 M03
X G-code
M30 (*. fanuc, ...)

Machine Tool
simulation in

E ' STEP_NC
P— @l

Fig. 4 Machining simulation in software STEP-NC Machine

For now, machining process using STEP-NC programs is possible in an
indirect way by translating into the G code. This experiment was carried out using
available equipment at the Laboratory for Machine Tools - industrial prototype of 3-axis
vertical parallel kinemtic milling machine LOLA pn101_4 V2 [14].

The application of STEP-NC which is described by IDEFO methodology is
experimentaly verified using two examples. In the first example, the format of STEP-NC
program is translated into APT using the Export option of software STEP-NC Machine.
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Utilizing APT program, the machining technology is reconstructed in CAD/CAM system
Pro/Engineer Wildfire 4 (or Creo) as described in activity A1, Fig.3. Tool path is verified
by simulation of material removal in module NC Check, Fig.5 a, b). In the final part of the
experimental verification, postprocessing into G code has been carried out. In the second
experiment, the format of STEP-NC program for test workpiece NAS979 was directly
translated into Fanuc G code, using the Export option of software STEP-NC Machine,
the activity A3, from Fig. 3. The obtained G-codes were further verified in the activity A4 -
CNC simulator, Fig. 5c, d). Verified G codes were used for the machining of test
workpiece, on the industrial prototype of 3-axis vertical parallel kinemtic milling machine
LOLA pn101_4 V2. Machined test workpiece is shown in Fig. 5e, f). Besides the
simulation of machining in the software STEP-NC Machine which is based on the source
STEP-NC programs on different CNC machines tools, the simulation of machining is
carried out in softwares VERICUT and CNC Simulator, as well.

Fig. 5 Machining simulation and machined workpiece NAS979: a, b) simulation in
Vericut, c,d) simulation in CNC simulator, e,f) machined workpiece)

Vericut software is developed by CGTech. This software operates with NC
programs regardless the software type they were created by. It allows checking them,
taking into consideration specific features of CNC Systems and G-codes. Vericut is
efficient together with Pro/Engineer: this allows using capabilities of both softwares'
advantages to the fullest extent. Vericut can be directly called from Pro/Engineer menu
and one can work with it either interactively or in the mode of batch processing of NC
program files. Machine simulation solution allows you to realize realistic simulation of
any CNC machine tool or its separate components, to use ready-made models from
the extensive library (including lots of machines of the most well-known suppliers), as
well as to import models in IGES, STL and VERICUT formats.

In this paper machining simulation in software Vericut is conducted based on G
code, which is derived from the source STEP-NC program. An example of machining
simulation In Vericut software for a given test workpiece is shown in Fig. 6a. The CNC
machine in this simulation was included from the extensive library of machine tools.
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Besides Vericut software, in this paper we also used the software CNC simulator
for machining simulation on the 3-axis CNC vertical milling machine tool with serial
kinematics. In software CNC simulator, for machining simulation, one can chose the
available CNC machine tools, tools, workpieces and achieve faithful simulation of material
removal, based on G code, which is derived from the source STEP-NC program.

Application of CNC simulators is important to verify the obtained G codes, and it is
also important for the education of students and training operators to work on CNC
machine tools. In this way the possibilities of application of the new format for programming
such as the STEP-NC are demonstrated, using examples of the machining simulation on
different machines and in different environments, such as softwares: STEP-NC Machine,
CAD/CAM system Pro / Engineer (or Creo), Vericut and CNC simulator. The final
verification is carried out, by machining test workpiece shown in Fig. 5e, f.
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5. CONCLUSION

Nowadays, machining simulation plays an important role in modern
manufacturing, and this paper presented integration of STEP-NC based machining
simulation with CAD/CAM systems and CNC Simulator.

The paper presents the possibility of application of the new method of
programming based on 1SO14649 and 1SO10303 standards, known as STEP-NC.
Since there is still no sufficient available CNC machines that can directly interpret the
STEP-NC program, preparing for this method of programming is reduced to the
machining simulation and translation into G code, which can be realized on the
available CNC machine tools.

STEP-NC standard is almost finalized, and in the future we can expect the first
shop-floor application of STEP-NC program. Existing CNC machine tools in the future
will be replaced by machines, whose control systems can receive and execute
programs in the STEP-NC format.

Our future research will be focused on the building of CNC machine tool with
open architecture control system, which can download and directly execute programs
in some of the STEP-NC formats.
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