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Abstract— Computer Aided Process Planning (CAPP) is an 
essential component of Computer Integrated manufacturing 
(CIM) environment and it is an important interface between 
Computer Aided Design (CAD) and Computer Aided 
Manufacturing (CAM). The purpose of the CAPP is to automate 
the process planning tasks so that process plans are generated 
consistently. This paper presents an object-oriented approach to 
the definition of product model for use in supporting the task of 
CAPP. The product model is based on AP 203 and AP 224. This 
paper also presents the description of EXPRESS entities which 
are used to represents the STEP part21 file. Mapping of Design 
attributes i.e. AP 203 to feature attributes i.e. AP 224 has been 
presented. The object class hierarchy used in implementation of 
product model is also presented with an example to demonstrate 
the application of model. 

Keywords- STEP AP-224, part21 file CAPP, EXPRESS 
Language 

I. INTRODUCTION 
The purpose of a product model is to provide a means for 

representing and storing information about a product gathered 
during, and used in, the design and manufacture of that 
product. Therefore, the contents of this product model must be 
able to support the information needs of a large variety of 
computerized manufacturing applications (i.e., CAPP, CAE, 
part programming, etc.). The popularity of using CAD systems 
as a means for creating, representing, and storing product 
designs has created a vast storehouse of part data. However, 
two barriers to using this design data to support these 
automated applications are: (1) due to the difference in the 
objectives of the various application systems, different views 
of the product data are required, and (2) current CAD systems 
are not able to supply all the information concerning a part 
that is needed to support the activities of these applications.   

Most initiatives for data exchange standards came from 
CAD users, particularly the aerospace and automotive 
industries. Aerospace and automobile companies were among 
the first serious users of CAD. Several of them were 
sufficiently advanced in their need for CAD that they 
developed their own CAD systems. They also bought 
commercial CAD/CAM systems. It was soon apparent that 
they needed to exchange data between different systems. 

Several formats such as IGES, PDES, and DXF have been 
developed [1]. However, none of them solved the problems, 
especially related to the exchange of full product data 
including technological information as well. To solve this 
problem, more recently, available standards and their 
backgrounds have been drawn together by the ISO into a 
unified standard called the STEP (Standard for Exchange of 
Product Data) [2]. 

A.  STEP (Standard for Exchange of Product Data) Standard 

The Standard for Exchange of Product Model Data (STEP) 
defines specifications for the representation and exchange of 
digital product information. STEP was born in December of 
1983, when the International Standards Organization (ISO) 
formed the TC184/SC4 committee. The origins of the STEP 
effort are documented in [Wils93], and a history of the early 
national efforts can be found in [Wils87]. Many portions of 
STEP have been published as international standards, but 
many more are still under development [3]. 

B.  STEP Application Protocols 

The STEP standard defines an open-ended number of 
Application Protocols (APs) for industry-specific product data 
exchange. These APs are formal documents that cover a set of 
activities in the life cycle of a product. Every AP defines a set 
of activities, information requirements within this scope, and a 
formal schema for these requirements that is tied to an 
integrated product model shared between all APs. The STEP 
application protocols are designated as the 200-series 
documents and the important STEP APs in design and 
manufacturing are AP-203, AP-214, AP-224 and AP-238 [4]. 
The new methodology of data transfer via STEP APs is shown 
in figure.1. 

 
Fig.1 New Methodology of Data transfer 
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The STEP Application Protocol of interest for this work is 
Application Protocol 224 (Mechanical product definition for 
process planning using machining features) [4]. AP224 
contains all the information needed to manufacture the required 
part including the materials, part geometry, dimensions and 
tolerances. The product definition in AP224 contains the shape 
representation as well as definition of the machining features. 
The definition also contains the initial shape of the material 
before machining. This is very important for production of 
valid process plans. The digital STEP definition AP224, used 
for individual mechanical components, carries all the necessary 
information to enable modern Computer Aided Manufacturing 
Planning systems to determine the optimum manufacturing 
route and machining process needed for both cost estimating 
and actual manufacturing with a high degree of automation. 

II. SYSTEM DESIGN 
The use of an object-oriented paradigm for the 

implementation of a product model was chosen since it 
represents a logical means for representing real-worlds objects 
like machined parts. Compared with traditional approaches to 
the design and implementation of software systems, this 
approach offers advantages of increased flexibility, 
incremental system development, and reusability [5]. Flow 
diagram for developing STEP AP-224 is represented in 
figure.2. 

 
Fig.2 Objective Flow Diagram 

The design of the product model is based on the 
application objects defined within AP 224 of STEP. These 
objects pertain to a wide spectrum of information covering 
such areas as: manufacturing process control documentation, 
process requirements documents, part administration data, 
requisitions, etc.  The main steps in product modeling are (i) 
Part modeling (ii) Shape aspect modeling and (iii) Machining 
feature modeling.  

A. Part Modeling 
The product model also describes a part in terms of its 

properties and material. These properties are classified as 
shown in figure.3 permitting a designer to provide additional 
information, as needed, concerning the part [6]. The ordered 
part class inherits all the characteristics of the part object, but 
adds the capability to specify the quantity of parts needed, as 
well as, associate itself with an actual customer order.  The 
customer order class permits the designation of such 
information as delivery date, order number, order status, 
material disposition, and the capability to specify special 
instructions. A solid-line represents a composition relationship 

between the two object classes (that is that the parent object is 
composed of the child object), whereas, a dotted line 
represents an inheritance relationship between objects. 

 
Fig.3 Part object class hierarchy. 

B. Shape aspects Modeling 
The details of a part's shape are represented as shape 

aspect objects which define a part's geometric and 
technological characteristics that are the basis for generating a 
process plan. As shown in figure.4, the shape aspect class is 
defined such that a designer can specify one or more 
properties for each aspect of a part's shape as well as label 
each aspect as a datum if necessary. Part object class hierarchy 
aspects that exist are referred to as shape elements of which 
there are five types. A direction element object can be used to 
indicate a direction for the orientation of a part feature. A path 
element represents a path as a continuous series of points 
defining a course of travel for a general sweep to cut a slot. 
The face-shape element is used to represent faces and is an 
important part of defining the adjoining surfaces for transition 
features. Location elements provide a means for defining 
reference points, and manufacturing features specify those 
features to be machined. 

 
Fig.4 Shape aspect class hierarchy 
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A manufacturing feature is further classified as being one 
of three types. (i) A replicate feature provides a means for 
specifying an arrangement of multiple machining features of 
the same type (i.e., hole in a bolt circle). (ii) A transition 
feature is a transition area between two surfaces (i.e., round, 
fillet, and chamfer) defined by face shape elements. (iii) A 
manufacturing feature is a machining feature which represents 
a volume of material that will be removed by machining. 

C. Machining Feature Modeling 
The machining features are defined parametrically, the 

hierarchy of machining features is shown in figure.5. As 
shown for both the hole and outer round classes, it is also 
possible to extend these definitions to further distinguish 
between existing features [7]. Consider the outer diameter 
feature class and its relationship to the part as a whole is 
defined by the parameters: length, diameter, placement, and 
possibly some associated geometric tolerances. Note that the 
parameters, length and diameter, are both declared to be 
dimensional tolerances. This means that these parameters are 
actually objects themselves whose value is defined by the 
dimensional tolerance class  

 
Fig.5 Machining feature class hierarchy. 

Each machining feature contains multiple geometric 
tolerances that are inherited from the machining feature class. 
This design permits the specification and association of one or 
more geometric tolerances with each feature. As with 
dimensional tolerances, each geometric tolerance for a feature 
can be one of several types (i.e., straightness, cylindricity, 
angularity, etc.) sharing common parameters defined in the 
geometric tolerance class (value, unit of measure, and number 
of significant digits). Some of the tolerances require a datum 
reference which links the value by pointer to a datum object 
contained within another feature of the part. 

III. TOOLS FOR IMPLEMENTING STEP 

A. ST-Developer 
ST-Developer is a set of software tools for working with 

EXPRESS information models and EXPRESS-defined data 
sets in a variety of database and programming environments. 
The components of ST-Developer [8] are shown in figure.6. 

 
Fig.6  ST-Developer Environment. 

ST-Developer contains programming environments that 
can be used to build software that works with STEP and 
EXPRESS-defined data sets. 

 ROSE C++ Library — For demanding CAD and data 
exchange applications. C++ classes generated from 
EXPRESS schemas mean fast access, and strong compiler 
type checking helps to build reliable applications. The 
ROSE library provides many advanced object search and 
traversal features such as USEDIN, early and late-bound 
access, greater control over STEP physical file handling, 
and AP interoperability extensions. Refer to the ROSE 
Library Reference Manual for more information. 

 SDAI C Library — Build applications using a small set 
of straightforward C functions to manipulate STEP data. 
No application protocol-specific structures or classes are 
used. Refer to the SDAI C Library Reference Manual for 
more information on SDAI C applications. 

 ST-Developer for Java Library — Using the EXPRESS 
compiler, you can build applications using Java classes. 
Strong compiler type checking helps to build reliable 
applications. Refer to the ST-Developer Java Library 
Reference Manual for more information. 

o STEP AP Class Libraries — ST-Developer ships with 
pre-built ROSE C++ and Java class libraries for many 
STEP APs and other information models like CIS/2 and 
IFC. You can start programming immediately, just by 
linking against the appropriate library. 

ST-Developer also includes a set of related tools, to perform 
various tasks on STEP data and EXPRESS definitions.  

B. EXPRESS Compiler 
It produces C++ definitions from EXPRESS information 

models, and then uses these classes with the ROSE library to 
build application software or object-oriented databases. The 
EXPRESS compiler parses and checks information models 
defined in the EXPRESS language [8], then generates output 
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that you can use with your programs. The EXPRESS 
compilation can be shown in figure.7. 

 
Fig.7 EXPRESS Compilation 

IV. IMPLEMENTATION OF PROPOSED SYSTEM WITH 
EXAMPLE 

For the representation of geometry we have to use 
EXPESS entities and object-oriented approaches by using 
these we have to develop the geometry in the object-oriented 
classes. Predefined library entities of ST-Developer will 
convert the object-oriented classes of EXESS entities into P21 
file format. 

A. Geometry Representation in Visual C++ using EXPRESS 
An object-oriented approach i.e. VC++ has been used for 

modeling geometry of a 3D model in ST-Developer 
environment [8]. In ST-Developer it is necessary to represent 
the express entities in Visual C++ then pre-defined libraries 
will convert these express entities in to P21 file. 

 
Fig.8 Geometry representation in Visual C++ 

Figure.8 shows the snap shot of the VC++ program, 
figure.9 shows the output file i.e. part 21 file in ‘.stp’ format 
and figure.10 shows the output of P21 file in ST-Viewer 
environment. 

 
Fig.9 P21 file for the Geometry represented in VC++ 

 
Fig.10 3D modal in ST-Viewer Environment 

The different features along with the sequence of operations 
are generated automatically and it can be seen in the figure 10. 
The STEP AP-238 file can be generated based on the process 
plan generated in this module can be given to ay STEP-NC 
compatible machine to manufacture the component [9]. 

V. CONCLUSION 
The resulting product model is compatible with the STEP 

AP 224 standard; this means that those CAPP systems which 
make use of this product model will be able to read data files 
from those CAD vendors who adopt the STEP standard. This 
approach results in the creation of a product model at the 
application level that can interact with the data of the global 
product model. Such an approach is needed if automated 
planning is to become a reality. Since the resulting product 
model compatible with STEP APs, this means that those 
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CAPP/CAM system make use of this product model will be 
able to read data files from CAD vendors who adopt the STEP 
standard on a broad scale. 
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