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Abstract - Computer Aided Design (CAD) and Computer Aided Manufacturing (CAM) are very vital elements of a 
Computer Integrated Manufacturing (CIM) environment and linking the two is equally important in improving the 
productivity of a manufacturing system. The link between CAD and CAM through human intervention is commonly referred 
to as manufacturing Process Planning. This paper presents an approach to Computer Assisted Process Planning (CAPP) of 
asymmetrical prismatic parts. The feature volumes are developed using both the constructive solid geometry approach and 
by sweeping the boundary faces along a direction depending on the machining operation. An algorithm is developed to 
recognize machining features and also calculates the machining volume. The features are recognized using the hint based 
and volumetric decomposition approaches. The algorithm is implemented using JAVA and STEP AP-203 translator to 
communicate with various CAD systems such as Pro-Engineer and Solid Edge. A database of tool material, work material, 
speed and combination is developed using Oracle 11 G Database. The integrated system consists of several stages such as 
operation selection, tool selection, machining parameter selection and cutting tool selection. The process plans are presented 
to validate the CAPP system. 
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I. INTRODUCTION 
 
In the recent past researchers have developed 
different methods of integrating CAD and CAM. 
Niebel [1] was the first person in 1965 to use the 
computer to assist and improve the efficiency of 
planning processes. The development of the first 
CAPP system was sponsored by Computer Aided 
Manufacturing International in 1976. There have 
been several publications and the concept of CAPP 
has undergone drastic developments since then. A 
majority of the systems consider a slender variety of 
geometries and require the user to support the 
generation of the process plans. [2]A significant 
development has been achieved over the last four 
decades in the area of CAPP. The major reason for 
this development is the role of CAPP in reducing the 
cycle time of manufacturing and improved quality. 
The integration of CAD and CAM has a significant 
role in the development of digital manufacturing and 
computer integrated manufacturing. This integration 
is very crucial for mechanical manufacturing 
enterprises to be competitive and respond quickly to 
market changes. CAD/CAM/CAPP systems are used 
to generate optimized data to shorten the lead time 
between design and production and in turn reduce the 
cost by retaining the quality of the product. The main 
objective of any manufacturing enterprise is to 
manufacture high quality products in the shortest time 
at an optimum cost. There are several software’s 
spanning different disciplines to suit the above 
requirements to ensure an easier, faster and a flexible 
workflow and at the same time meet the changing 
requirements of the customers.[3.4,5] The present 
trend in CAD/CAM integration and CAPP is based 
on feature technology. The inputs to majority of the 

CAPP systems in recent times are features. The 
automatic feature recognition from solid models for 
downstream manufacturing applications like process 
planning significantly influences the integration of 
CAD and CAM.[6]. Present day manufacturing 
enterprises are spread across the globe which consists 
of machinery supplied by different manufacturers. A 
large volume of product information has to be 
processed between multiple facilities at different 
locations. This problem of transferring the 
information across the globe has been solved by 
modern digital communication technology. The 
description of product data for mechanical parts has 
been standardized by using STEP (Standards for 
Translation and Exchange of Product Management 
Data) also known as ISO 10303.This has led to the 
use of a standard data exchange through the product 
process chain in the manufacturing industry[7]. To 
accomplish these tasks the CAPP system has to 
extract and recognize manufacturing features directly 
from the 3D solid model. 
You and lin [8] addressed distributed environment for 
CAPP over a network. The Java 2 Enterprise (J2EE) 
standard is applied to implement cross-platform and 
distributed computing architecture, thus reducing the 
system loading during manufacturing process 
planning. The production oriented standard m 
standard exchange of product (STEP) model data is 
applied to define a robust model that associates 
product, shape and feature definitions and provide the 
mechanism of data exchange, sharing and integration 
with other systems such as CAD and CAPP. STEP 
AP- 224 is used to define the machining features of 
the manufactured parts of the CAPP system.  Ismail 
et.al [9]., proposed a technique called edge boundary 
classification (EBC) for feature recognition from B-
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Rep models. The technique uses the spatial 
addressability information of solid models to identify 
the solid and void sides of a boundary entity. Features 
can be interpreted from B-Rep models based on 
spatial properties of boundary entities. The purpose of 
feature recognition is to convert the CAD model into 
a set of features suitable to support manufacturing 
activities such as in process planning systems. 
Recently Amartic and Killic [10] have presented an 
automatic process planning system using STEP 
format for prismatic parts. The system maps a STEP 
AP-224 XML data file and produces the 
corresponding machining operations to generate the 
process plan. The system carries out several stages of 
process planning such as operation selection, tool 
selection, machining parameter determination, 
machine tool selection and set up planning. An object 
oriented approach was used in the definition and 
implementation of the system. Sadaiah [11] et al., 
have designed and developed a generative CAPP 
system for prismatic parts. The proposed CAPP 
system has been formed of three modules. The first 
module is concerned with feature extraction. The 
second module deals with recognition of features 
such as slots, pockets and cylindrical holes using 3 D 
hints and the third modules deal with planning the set 
up, machine selection, cutting parameter selection 
and generation of the process plan. The main feature 
of the CAPP system is its ability to handle variety of 
prismatic parts. Celik and Unuvar[12] have 
developed an object coding method for the process 
planning of prismatic parts. Features are determined 
and modeled as objects, feature coding is used ton 
develop process plans. In this approach the prismatic 
components are developed in a CAD environment 
which consists of features such as holes, layer, 
channel, level surface, cylindrical surface and 
pockets. The features from a 3D B-Rep model are 
interpreted using STEP-203 translator GAO and 
Huang [13] report the development of a frame work 
for modeling and managing engineering product data 
and manufacturing information in an integrated 
feature-based CAD/CAPP system. A feature based 
design system is developed by introducing a B-Rep 
CAD model through a commercial solid modeler with 
additional feature modeling functions. The process 
planning system is developed using a knowledge 
based system which is integrated within the feature 
based system through an information mapping 
mechanism. A mapping between the product 
requirements and the process capability of available 
manufacturing systems is done to generate a process 
planning decision system. This mapping is done by 
invoking the rules coded in an inference engine. 
Grakowick, et.al.,[14] emphasize on the integration of 
CAD/CAPP/PPC through a sequential system of 
actions. The model is constructed using a commercial 
CAD tool (IDEAS/CATIA) and the features of the 
model are extracted in the STEP neutral format and 
the recognized features are used in the integration 

with a Material Requirement Planning (MRP) and 
Enterprise Resource Planning (ERP) tool. There are 
two phases  of outputs generated In the first one the 
system designs the complete structure of the 
technological processes (machine tools, tools, 
parameters etc.) in this case the system works only 
with the CAD tool. In the other case the CAPP 
system works with in an integrated CAD/CAPP/PPC 
environment, the system generates a multi-variant 
process plan where processes are represented by 
means of a graph.  
Marchetta and Foradellas [15] presented an Artificial 
Intelligence Planning approach for CAPP which can 
be adopted easily and extended for different 
Industries and manufacturing capabilities mainly 
because of the Declarative Definition language 
supported by the expert system. The authors have 
analyzed the advantages and drawbacks of several 
other expert systems which are based on production 
rules or special purpose planning system. The 
proposed system is supported by an intelligent agent 
built with a STEP compliant interface, a 
preprocessor, a feature recognizer and a process plan. 
The Graphical approach is used by the feature 
recognition and the process planning modules. Li 
et.al. [16] presented a feature based programming 
system for NC programming technology and its 
contribution in CAD/CAPP/CAM integration in the 
manufacturing Industries. They have put forward an 
approach of rapid programming based on features of 
the part which take care of anomalies in integration 
due to repeated selection of geometry and random 
programming of NC Machines. The paper reports an 
algorithm which recognizes the features o aircraft 
parts which is integrated with an algorithm for tool 
path generation by taking XML as data transfer 
standard. The system developed has been applied for 
programming of NC machine parts in aircraft 
enterprise. Arunkumar et.al.[17] have developed a 
software which uses STEP as the translator for 
automatically extracting machining features from a 
CAD model. The software recognizes the machining 
features and also determines product attributes like 
cost, technical specification and sequence of 
operations. An attempt is made to extend the 
application of STEP AP-203 to STEP AP-208 for 
interactive querying by the users of the system  
Harik  et.al.,[18] have proposed an approach to 
identify sequence of operations in milling and the 
chain of events to optimize the machining time .This 
approach is adapted to complex parts with the 
multitude of 5-Axis orientation with a focus on 
restrictive chaining algorithm based on extracted 
machining direction. The output sequences are 
filtered which account for manufacturing fixture and 
machine tool constraints. The optimal sequence of 
milling operations helps the process planner to 
comprehend and set the optimal strategy to reduce the 
machining time of the parts In the study presented the 
authors have developed a feature recognition 
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algorithm for prismatic parts using JAVA which 
takes STEP AP-203 as an input. The part design is 
introduced through a CAD software (Solid Edge and 
Pro-Engineer) and it is represented as a solid model 
using B-Rep and CSG approaches. The hint based 
and volumetric decomposition approaches are used to 
recognize features such as blind and through holes, 
pockets, slots and cylindrical surfaces. The 
recognized features are used as inputs to a CAPP 
system. A database of work material, tool material, 
cutting speed and feed for milling and drilling 
operations is developed using JAVA database. The 
user of the CAPP system will have to select the work 
material and tool material from the database along 
with the operations and name of the machine. The 
output of the CAPP system will be the machining 
volume and the machining time and the machining 
cost.The implementation of a feature recognition 
module in a CAPP system is essential to create an 
interface between CAD and CAPP. The feature 
recognition module handles extraction, 
recognition and storing of geometric and 
topological data together. To develop an 
interface between CAD, CAPP and CAM a 
neutral format is imperative. The  
Standard for the Exchange of Product (STEP) 
model data is an internationally accepted neutral 
file format to communicate with various CAD 
systems 
 
II. RESULTS AND DISCUSSION 
 
2.1 Feature Recognition using STEP  
 The Fig.1 shows the CAD model developed using 
solid edge consisting of a square solid block with a 
slot, two pockets with a through hole and  circular 
arcs modeled using the B-Rep  Technique modeled 
using the sweep technique. 
 

 
Fig. 1 Square block 

 

The Fig.2 shows the GUI of execution.  
 

 
Fig. 2 Graphic user interface 

 
On clicking of the browse button the CAD model is 
selected and placed in the slot provided on the GUI 
and the corresponding STEP file is selected.  
On clicking of the recognize the algorithm is 
executed as follows: 
Step 1.The function process_file will check for the 
existence of the STEP file. 
Step 2.If the STEP file exists a function Store_Id will 
read the STEP file The function Store_ID will also 
search for ‘#”. 
Step 3. If ‘#’ is found a function Push_String is 
called and it stores the line in the stack as an array 
This process is continued till End of File. 
Step 4.The function Search will initialize a variable 
‘x’ to 1 if a line contains a feature. 
Step 5.The function Read_Line will read the content 
of the stack line by line.  
 Step6. The function Match_line will map the 
features and there coordinates and will store the 
recognized features with their coordinates in a file 
Result.txt. 
Step7. Steps 3 to 6 are repeatred till all lines are 
mapped. 
Step8.  A function Inter_Pt will check if any of the 
recognized features intersect based on a rule. 
Step9. The function Open_file will display all the 
recognized features from the result.txt. 
The sample of the STEP file is shown in Fig.3 
 

 
Fig.3 Sample data of the STEP file 
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The sample data of the recognized features is shown 
in fig.4 

 
Fig.4 Sample data of the recognized features 

 
On clicking of the Milling Table button on the GUI 
the work material, tool material, feed combinations 
for milling operations as per CMTI Handbook are 
displayed. The user can enter the cutting speeds 
depending on the selected feed.  
   
On clicking of the Process Plan button the process 
plan for the part shown in figure 1 is generated as 
shown in figure 5.1.to 5.6 
 

 
Fig.5.1 Process plan for rough milling the pocket 

 
Fig.5.2 Process plan for finish milling the pocket 

 
Fig.5.3 Process plan for rough milling the slot 

 
Fig.5.4 Process plan for rough milling the slot 

 
Fig.5.5 Process plan for rough milling the sides of the part 

 
Fig.5.6 Process plan for finish milling the sides of the part 

 
The figure 6 shows a bracket which is modeled using 
the CSG technique and  is manufactured in 2 separate 
setups so the features of the bracket are extracted and 
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recognized  separately as 2 individual parts .The first 
part consists of a filleted triangular pocket with 
through holes which is shown in figure 7 . The 
sample of the STEP out of the figure shown in figure 
7 is shown in figure 8. 
 

 
Fig. 6 Bracket 

 
Fig. 7: Filleted triangular pocket with two through holes 

 

 

 
Fig.8: Sample of the STEP output 

 
The figure 9 shows the sample of the features 
recognized of the part shown in figure 7. 
 

 
Fig. 9: Sample of the features recognized of the part shown in 

fig. 7 
 
The figure 10 shows the part of the bracket which is 
manufactured in the second setup. 

 
Fig. 10: Rectangular pocket 
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The figure 11 shows the sample of the STEP output 
of the part shown in figure 10. 
 

 
Fig.11: Sample of the STEP output of the part shown in Fig. 10 
 
The figure 12 shows the sample of the recognized 
features of the part shown in figure 11. 
 

 
Fig. 12: Sample of the features recognized of the part shown in 

fig. 10 
 

The features recognized using hint based and 
volumetric decomposition techniques through STEP 
are used to develop process plans using JAVA server 
pages. The features recognized are edge curves , edge 
loops, lines, circles, advance face, cylindrical surface, 
axis placement, Oblong slot, pocket, area of the 
pocket , through hole, face outer bound, triangular 
pocket , length of the sides of the triangle, its area, 
through hole ,center of the hole and the directrix. The 
work material is medium carbon steel and the tool 
material is carbide .A database of work material, tool 
material, cutting speed and feed rate is developed 
using Oracle 11 G on the basis of CMTI handbook. A 
GUI integrates the features recognized and the 
database through JAVA Database Connectivity 
(JDBC). The parts are machined on Mazac controlled 
Vertical Machining centers as the feed rates and 
cutting speeds are very high. The process plans 
generated represent the length of the cut, number of 
passes, machining times and the machining costs for 
drilling and milling operations. Some of the prismatic 
components are machined using multiple setups on 
certain vertical machining centers. Machine ability 
data is generated using crystal reports for the 
components. A cycle time sheet is generated by using 
the CADEM software for validation. 

 
CONCLUSIONS  
 
The mounting pressure to reduce cost and time has 
driven manufacturing Organisations to integrate CAD 
with downstream applications like Computer assisted 
process planning. Computer assisted process planning 
of asymmetrical parts requires feature recognition 
techniques which can encompass a broad range of 
manufacturing processes by utilizing a combination 
of algorithms to recognize the features. 
In this paper we have presented two asymmetrical 
parts modeled using the sweep and the CSG 
techniques. The features are recognized using the hint 
based and volumetric decomposition techniques 
through the use of STEP AP-203 as a translator. The 
combination of hint based and volumetric 
decomposition approach to recognize features 
overcomes the limitations of recognizing interacting 
features in a single step discussed by Yun and Lin. 
The second part is recognized in two phases to reduce 
the complexity of manufacturing and to distinguish 
the setups in which the part is manufactured. 

 

Sl..No Operation Tool 
Tool 

Diameter 
mm 

Cutting 
Speed 
M/min 

Feed Rate 
mm/min 

Length 
of the cut 

mm 
R.P.M. Machining 

Time min 
Machining 
Cost Rs. 

1. 

Rough 
milling of 
the filleted 
Triangular 

Pocket 

End mill 20 60 6876 205 11460 0.033 1.60 

2. Finish End mill 20 30 3438 205 5730 0.065 1.200 
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milling of 
the filleted 
Triangular 

Pocket 

3. Center 
Drilling 

Center 
Drill 25 12 419 3 1375 0.057 1.907 

4. Drilling Drill 25 9 559 30 1834 1.143 4.768 
5. Reaming Reamer 25 9 419 30 1375 1.191 6.358 

Total        2.489 16.013 
Table 1: Process plan for the milling the triangular pocket and drilling the two holes 

 
Sl..No Operation Tool Tool 

Diameter 
mm 

Cutting 
Speed 
M/min 

Feed 
Rate 
mm/min 

Length of the 
cut mm 

R.P.M. Machining 
Time min 

Machining 
Cost Rs. 

1. Rough milling of the 
rectangular 
Pocket 

End 
mill 

20 60 6876 120 11460 0.020 0.373 

2. Finish milling of the 
rectangular 
Pocket 

End 
mill 

20 30 3438 120 5730 0.041 0.747 

Total        0.061 1.12 
Table 2 : Process plan for the milling the rectangular pocket 
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