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ABSTRACT

STEP file is known as a CAD neutral file which stands for Standard for the Exchange of Product model data for the next generation
of data model between CAD/CAM and CNC system. It contains three-dimensional data in ISO 10303-21 format which ultimately all
CNC programs can recognize. Now however, not all documents in the STEP file are appropriate for programming CNC G-Code. This
paper explicates the design, development and testing of an Integrated Interface System (12S) using knowledge discovery approach.
The objective of this study is to provide helps for understanding the STEP-NC machining operation protocol. The system provides
function of reading and extracting applicable data related with the machining functions from STEP file, that eventually write file
format Geometrical Code (G-Code — ISO 6983) as an output file. G-Code is known as one of the low-level programming languages
in CNC system. The sample of machined block designs from 3D CAD modeler where the features need to be machined from a blank
workpiece and saved in the STEP neutral file format. In this work, the simulation in the Mach3 software and physical machining
using 3-axis CNC milling machine installed with PC-based CNC controller has been validated.
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1. Introduction

In 1952, the Massachusetts Institute of Technology (MIT) was the first pioneer demonstrating the
numerical control (NC) machine tool. NC started when the manually operated machine transformed
into the automatic form of machine tools that first introduced principles of abstractly programmable
logic, and today it continues with the incorporation of computer technology into the idea of
numerical control leading to what we now know as computer numerical control (CNC). CNC is a
cutting-edge idea in the manufacturing and machining industries. Such production machines relied
on existing tools, which are equipped with motors designed to move and control the axes of the
machine. CNC machine is managing the language of low-level programming known as G and M-codes
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(ISO 6983). G and M-codes are the basic building block of CNC machines [1]. The low-level G and M-
codes contains a very limited amount of information or data regarding the machine capabilities and
the work piece characteristic which results in no information available on manufacturing process and
machining functions [2-3]. G and M-code serves as a language of the computer between controller
and machine itself. All the movements the system makes are guided using G and M-codes. Ultimately
G and M-codes worked using the coordinates and points that ultimately led to the creation of paths
for the devices. The G and M-code language is designed in the era when the paper tape is the medium
for moving data between computers and CNC systems. Nowadays the G and M-code programs are
generated using the computer aided manufacturing (CAM) tools by using the geometrical design data
from computer aided design (CAD) tools as the input [4].

According to the machine brands and the manufacturing business enterprise there are many
kinds of G and M-code structure and they have their own unique G and M-code format. This type of
proprietary environment will result in incompatibility between the data format which limits further
improvement of CNC-based machining [5]. CAD/CAM software program is used for designing and
operating machineries, however the machines themselves require a final process. The process is
known as the post-processing process, which guarantees that the code transmitted to them is
readable in order to optimize the operation of the machine. Based on the CAD model, the CAM
software will analyse and determine the type of tooling and create the tool paths based on the
desired features. Therefore, to be able to do so, this process requires a CAM post-processor that
produces the exact G and M-code dialect used by the machine that is being targeted. For the CNC’s
case, it limited only for the programs within their own versions of G and M-code. Apart from that,
the shortcoming for the conventional NC programming are limited NC-programming interfaces, no
connection to CAD data and technology, lack of shop-floor knowledge, lack of control and machine
tools, and the need for a post-processor interface [6].

Surprisingly, with the rapid development of information technology associated with the CNC
technology, a new approach of manufacturing system has been introduced, known as DABA (Design-
Anywhere-Build-Anywhere) e-manufacturing system. The smooth data flow in the CAD-CAM-CNC
chainis a very important aspect of the process in order to make e-manufacturing a success. The STEP
(ISO 10303: Standard for the Exchange of the Product data) developed since the 1980s is the data
standard for exchanging product data between CAD/CAM systems. To overcome the limitations of
data flow among CAD/CAM to CNC [7-8], the STEP data structure has been introduced. The STEP data
structure will provide a new data exchange interface between the CAD/CAM/CNC by using the term
of open architecture environment.

Open architecture environment software which allows the bidirectional data flow from starting
from the design stage until the machining stage. Then, the data flow is saved in a STEP data file using
Part 21 data file. Part 21 data file is an interpretation from the solid model that contains relevant
information and represent the information in an internal format that allows simple editing and
viewing from the file of Part 21 itself [9-11]. STEP file is an international standard which consisting of
the design features of the CAD model, which provides general support for the sharing of the data
model in a standard CAD form between the CAD system or the software [12]. STEP is a standardized
data structure that can be accessed, edited and stored only in a text format in any open source
software. By using the STEP data structure, the post processor will no longer be used because the
mechanism will bypass the post processor. This is because the information in the data structure file
is sufficient to perform the machining without the need for a post processor.

The most breakthrough in the CNC field is that these STEP files bypass the post-processor and
save more time for the manufacturing processes.
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2. STEP Data Structure

STEP promotes representation and exchange between all phases of the product life cycle, for
example design, prototyping, process planning and production. ISO 10303 defines as a new
alternative or language for the manufacturing industry, in particular for product development.

STEP can optimize the product data exchange and also provides a reference model for a complete
description of product data over the entire product life cycle [13]. STEP is a high-level programming
language, which contains the solid model features creating by using CAD software. It allows bi-
directional data flow between CAD/CAM and CNC without any redundancy and loss of information
[14]. In the bi-directional data flow, the exchange data should be defined using the object-oriented
modeling method and no data leakages are allowed on CAD/CAM/CNC data chain.

Nowadays the new generation of intelligent controllers can interpret STEP file information to
generate, simulate and optimize machining toolpaths [15]. STEP file is a universal data structure
which means it is an open source data structure and not proprietary to any specific machine or brand
and can be used on various open source machine tool controllers in the market. By using this STEP
data file as the input file, the post-processor is not needed anymore because the information within
the file is enough to generate G-code and thus execute machining.

File extension for STEP file is STEP or STP file is an open source file and can be accessed using any
standard software like Microsoft Word, Notepad, etcetera. STEP data structure consists of HEADER
and DATA section. General information is described in HEADER section. This includes file title, author
and schema information. In DATA section, the instances consist of design feature of the solid model,
which is the Cartesian coordinate, Cartesian point, lines, axis, units, and so on. By having all
information in the same file all changes are effective thus eliminating the need of post-processor.
The STEP file is a rich file in term of solid features information and that is why the STEP file alone can
be used to execute machining by generating G and M-code. This is why STEP standards appear as the
relevant solution to extend the interoperability of CAx chain to the CNC level.

3. Integrated STEP/G-code Interface

The integrated STEP/G-code interface is designed as the Graphical User Interface (GUI) between
the STEP file and G-code in order to generate G-code based on the STEP file as the input file. Within
the integrated interface environment, the programming algorithms are designed in such a way to
perform reading the input file, processing, and writing the out-put file as presented in Figure 1.

The read module performs read the input file line by line and prepare that file reachable for
further processing. Whilst, the processing algorithms tasks consists of three sub-module performing
extraction/elimination, the processing and integration activities. This process used extraction rule to
identify the geometric data and write it into a temporary file. There may be some duplication of data
exist however, it will be eliminated using elimination rule. Further, the application of processing rule
for the extracted data which is involving determination of working plane and z axis, determination of
work piece boundary, determination of feature boundary and determination of cutter movements
will be carried out.

After determining and verifying all the process and required information, the integration process
will then generate the tool path along with the required cutting parameters. Finally, the process of
generating G-Code through the transformation module, transforming the processed integration data
into a sequence of axis movement and tool functions as defined in ISO 6983. All these processes are
carried out in the coordination layer and the conceptual system architecture of 12S is shown in Figure
2.
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4. STEP File and Solid Model

The input file for this project uses only Part 21 STEP file instead of total STEP-NC file, because the
cartesian coordinates are used to generate G and M-code. A sample of 3D solid model has been
designed and properly given dimension to represent straight line linear motion of GO1 linear
interpolation using the Solid work software as shown in Figure 3. This solid model is then saved in a
STEP file. On the other hand, the solid model that is in SLDPRT file will be opened in CAM in order to
simulate and generate the G and M-code. The x-y-z coordinate from the auto-generated G and M-
code is compared with the cartesian coordinates in the STEP file that was previously saved for error
check.
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Fig. 3. Solid model in solid work design interface

5. Machining Simulation and Testing

In order to ensure the generated G and M-code from the 12S can be used prior to physical
machining; the supplementary run is performed using the Mach 3 PC-based CNC controller according
to the required setting parameters. The G and M-code shall be able to generate the tool path in as
shown in Figure 3, based on the required solid CAD design model. The tool path generated from the
tool's movement is based on the G and M-code that is created from the cartesian coordinates in the
STEP file itself. This machining process involves the operation of slot milling using the square shaped
end milling tool. The milling shape is just a simple island shape with the rectangle having depth of 5
mm, which means that the z level will be -5. The result from the simulation is shown in Figure 4.

6. Validation of Physical Machining

The 3-axis CNC milling machine is used for the physical machining testing to validate the G and
M-codes used earlier during the simulation. A piece of wood with dimension of 100mm x 200mm x
20mm is used as the work piece for the machining purpose. The machining operation took place on
a 3-axis CNC milling machine equipped with Mach 3 is open source CNC controller as shown in Figure
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5. It can be seen from the figure that the x-y-z coordinate from the auto-generated G and M-code
has a good agreement with the cartesian coordinates in the STEP file.
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Fig. 4. Mach 3 simulation result

I

Fig. 5. 3-Axis CNC milling machine in operation
7. Conclusions

Developing the integrated STEP/G-code interface successfully eliminates the need for post-
processor since machine-specific information is not required. Additionally, 1?S system developed
successfully generates the G and M-code based on the information in the STEP file. By using the
cartesian coordinates in the STEP file, it can generate the G and M-code based on the solid CAD design
that is required. This is because the G and M-code consists only of coordinates and certain
parameters for machining strategies. For CNC machining, this process is a read-write-read-write
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(RW/RW) process. Initially, when the solid model is saved as the STEP neutral file format, the software
reads and saves all the solid features as the required file. Then, the write process, is when the
information within the solid model is being summarized as a text file format which contains all the
design features for a particular model. Later, the read process again, is when the extraction of the
cartesian coordinates in the STEP file and finally, the last write process, is when the generation of the
G and M-code based on the cartesian coordinates. Extraction, elimination, processing, and
integration of the cartesian coordinates being done automatically based on the STEP file fed as an
input file.

For the future recommendations, the square solid CAD model representing a linear motion
interpolation GO1 can be changed into circular interpolation motion G02. Of course, the algorithm
involving generation of G-code for more complex tool path from STEP file would be a greater
challenge.
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