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Abstract: This paper presents our experience in developing a virtual foundry within a web based 
framework called WebICE (Web based Integrated Casting Engineering) based on XML standard. The 
framework uses a two-tier distributed client-server architecture, in which the clients interact with a 
central server through standard web browsers. The virtual foundry contains a manufacturing resource 
model and product model. In enables many engineering activities such as casting material and process 
selection, process planning, cost estimation and performance evaluation. These applications have been 
implemented and tested to study their applications and benefits.  
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1. Introduction 
 
With the onset of global manufacturing, 
engineering activities are being performed 
across organizational boundaries. A major issue 
is the integration of design and manufacturing 
activities. This requires a common model that 
covers the relevant engineering functions, 
information flow between team members and 
behavior of the manufacturing system. This has 
led to the concept of virtual factory.  The 
Internet and world wide web provide a means 
for geographically dispersed companies to 
collaborate for new product development and 
manufacturing. The web can connect the 
members of a virtual enterprise, including 
customers and suppliers, enabling rapid 
information flow and thereby faster and better 
decision-making.  

 

This paper reports the development of a 
web based virtual foundry environment and its 
engineering applications. Previous work, 
mainly the concept of virtual factory, its 
application to foundry domain and a framework 
for web-based casting engineering is reviewed. 
This is followed by a description of the virtual 
foundry and its application to collaborative 
engineering of cast products. 
 
2. Previous Work 

 
A virtual manufacturing system or a virtual 
factory is an integrated computer based model 
that represents the physical and logical schema 
and the behavior of the real system (Onosato et 
al 1993). While several definitions of virtual 
factory are available in technical literature, 
three broad perceptions and applications of 
virtual factory emerge, as follows. 
 



1) Representation of major aspects of a factory: 
In this virtual factory is a metaphor for 
integration of a variety of software, modeling 
tools and methodologies to support solutions 
to a range of problems in the manufacturing 
domains (Georgia Tech., 1998).  

 
2) Virtual organization: A collaborative, inter 

networked environment in which several 
partners electronically share information and 
MIS tools around a product, process or 
project (Uptone et al, 1996). 

 
3) Emulation facility for production activity: 

Modeling the production activity in a factory 
using simulation and emulation tools 
(University at Buffalo, 2002).  

 
In foundry domain, Weinbender proposed 

the use of simulation techniques and suggested 
modeling a virtual foundry to adjust and 
optimize the products and processes prior to 
actual production (Weinbender, 1997). In an 
informative article Ruff proposed a virtual 
environment in which product model can be 
modified early to optimize it thereby reducing 
the development time and cost (Ruff, 1998). 
Assarsson developed a production simulation 
model for foundry that gives an animated 3D 
visualization of production equipment and 
operators needed to analyze the material flow 
(Assarsson, 1999). 

 
3. WebICE Framework  

 
Our work on virtual foundry modeling is based 
on a XML-based schema for modeling casting 
related information (Akarte, 2002) and a 
framework for web-based integrated casting 
engineering (B. Ravi, 2002). These are briefly 
described here.  
 

The Casting Data Markup Language 
(CDML) is based on XML – a meta-language 
to define domain-specific tags suitable for web-
based databases. The CDML consists of two 
parts: CDML tree and data blocks. The CDML 
tree represents the hierarchical relationship 
between different types of information essential 

for collaboration between the product, tooling 
and foundry engineer, whereas the data blocks 
are used for storing the actual project data. The 
CDML tree has been created as a parent-child-
grandchild structure for easy location of the 
desired information corresponding to each node 
and its child nodes. Each node in the tree has a 
specific name and an index number. 

 
The framework for Web-based Integrated 

Casting Engineering (WebICE) has two-tier 
client-sever architecture. The server side 
components include project database template, 
library database, projects and functions. The 
project database template consists of default 
CDML tree and data blocks that can be 
automatically copied into a new folder while 
initiating a project. Each project is assigned a 
separate folder with a unique login and 
password. Functions have been developed for 
retrieving, displaying and updating data blocks; 
cloning and deleting a sibling block; displaying 
and copying library options; and linking, 
uploading and displaying images/models.  
 

 
 

Fig1: Foundry Resource Information 
 

The WebICE system mainly demonstrated 
collaborative engineering of cast products by 
enabling product, tooling and manufacturing 
engineers to access the project data irrespective 
of their physical location. In this work, we 
extend the framework to create a virtual 
foundry and demonstrate its applications, 
especially for casting process planning.  



4. Virtual Foundry Modeling 
 
The virtual foundry comprises of information 
related to manufacturing resources and 
processes in a foundry. The resources are 
machines and tools used to cast a product. The 
manufacturing resource information modeled in 
our framework captures the static information, 
that is, machine specifications and operating 
parameters of machine for a particular product 
(Fig 1). This is captured under the node 
EQUIPMNET which in turn has different child 
nodes: SAND_PREP, CORE_PREP, MOLDING, 
MELTING, POURING, TREATMENT, MACHINIG, 
TESTING and OTHERS. Corresponding libraries 
have been developed for selecting appropriate 
equipment for virtual foundry modeling. For 
example, a library corresponding to SAND_PREP 
contains the options: Continuous Sand Mixer, 
Batch Type Mixer (Muller), etc. The user can 
progressively select the options for all nodes to 
build the virtual foundry. One such virtual 
foundry shop floor is shown in fig.2. 
 

 
 

Fig 2: Virtual Foundry Layout 
 

The information related to the process is 
modeled under PROCESS node which in turn has 
several sub nodes: TOOL_MAKING, PRE_CASTING 
(CORE_SAND_PREP, MOLD_SAND_PREP 
CORE_MAKING and MOLD_MAKING), CASTING 
(MELTING, HOLDING, POURING and COOLING), 
POST_CASTING (SHAKEOUT, CLEANING and 
FETTLING), TREATEMENT, MACHINING and 
SHIPPING.  

Different methods of carrying out each of 
the above activities are stored in a library 
developed in this work. Each method stores the 
steps required to perform the activity. The 
library also includes data regarding the time 
and frequency for each step.  
 

The virtual foundry environment enables 
integrated planning of cast product and process 
parameters. The overall architecture of the 
system, including functions and libraries, is 
summarized in fig.3.  
 

 
Fig 3: System architecture 

 
5. Applications  
 
Selection of the most appropriate material and 
manufacturing process is an essential part of 
product design. There are however, a large 
number of materials and processes, and design 
engineers have limited knowledge of their 
properties and characteristics. Four major 
applications have been developed in the virtual 
foundry environment to assist the designers: 
 

1) Casting model viewing 
2) Casting material and process selection  
3) Preliminary casting process planning 
4) Performance evaluation 

 
These are briefly described next.  
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5.1 Casting model viewing 
 
This function facilitates viewing the casting 
model via Internet, useful for sharing the 
information among the project team members 
(supplier, customer, partner, tool manufacturer, 
consultant etc). The user can upload and link the 
part model using the Link function. Any team 
member can then view the part model by the 
Display_Model function. This automatically 
downloads the part model and displays it in the 
main window as shown in fig 4. The user can 
zoom, rotate and pan the part model. Algorithms 
have been developed for compressing, uploading 
downloading, decompressing and displaying the 
model file through Internet. 
 

 
 

Fig 4: Casting model viewing 
 
5.2 Material and process selection 
 
Material selection is an important step in product 
design activity influencing functionality as well 
as manufacturability of the product. For this a 
database of cast materials has been developed in 
XML to store and exchange the materials data in 
web environment. Two functions have been 
developed for the selection of material; the first 
one finds equivalent standards for a particular 
material. The second function involves 
specifying the properties desired in the product. 
This include physical properties (density, 
melting point, specific heat, thermal conductivity 
etc), mechanical properties (hardness, tensile 
strength, shear strength) and casting properties 

(solidus temperature, liquidus temperature and 
pouring temperature) along with relative 
importance for each property. Then the database 
is screened for these properties and suitable 
materials are displayed in decreasing order of 
suitability.  

Process selection is the first decision-
making activity regarding manufacturing. The 
process selection function developed in this work 
involves specifying different product attributes 
including geometric (wall thickness, size, shape 
complexity etc.), production (order quantity, 
batch size, etc.) and quality (surface finish, 
tolerance, etc.). These attributes are compared 
with the characteristics of different processes 
stored in the database to screen and select the 
most appropriate process.  

  
5.3 Preliminary casting process planning 

 
For preliminary process planning of cast 
components a semi-generative approach has been 
developed. It employs a case based reasoning 
methodology based on the nearest neighbor 
algorithm. A similar (previous) case is retrieved 
from the case base depending on part attributes 
and weights specified for the attributes. The 
attributes are related to casting material, 
geometry (minimum section thickness, casting 
weight, casting size, core size), quality 
(tolerance, roughness, maximum void size) and 
production (production quantity, production lead 
time, sample lead time) as shown in fig 5.  

 

 
 

Fig 5: Attributes for process planning 



For convenient handling of process planning 
information of an individual casting, it is divided 
hierarchically into activities, methods and steps. 
These include: 
 
1) Pre-casting activities involving core sand 

preparation, core making, mold sand 
preparation and mold making. 

2) Casting activities involving actual casting 
operation in terms of melting, holding and 
pouring.  

3) Post-casting activities involving shakeout, 
cleaning and fettling. 

 
Each activity consists of different steps. 

These steps depend upon the method employed. 
For example, cores can be prepared by Hot box 
or Cold box method, each involving different 
steps. This information can be easily browsed by 
clicking the corresponding node of the CDML 
tree followed by the Library function. An 
interactive facility to develop the process plan is 
also provided (besides case based reasoning). 
This is useful for handling new cases, which do 
not have matching cases in the database. A 
process plan being developed using the 
interactive approach is shown in fig.6. 
 

 
 

Fig. 6:  Casting process planning  
 
5.4 Performance Evaluation  
 
Performance evaluation of a given casting design 
in terms of foundry performance measures is 

another interesting application being developed. 
The different performance measures include:  

• Manufacturing cost of the casting 
• Total manufacturing cycle time 
• Environmental impact (pollution and 

energy consumption)  
• Material utilization 
• Quality 

 
The above will enable design engineers to 

carry out process planning for a new casting, and 
evaluate the product and process deign using the 
above measures. This will provide the feedback 
to improve the design parameters early. The 
benefit to cost ratio of such early changes to 
optimize the design is known to be very high.  
 
6. Conclusion 
 
Design is an iterative process. Particularly for the 
complicated process like casting, changes are 
often done at late stages. However, it involves 
wastage of resource. In the virtual foundry 
environment presented in the paper, design 
changes can be done in initial design stage by 
predicting the future consequences. Thus time 
and cost involved in the product development 
reduces to great extent. The different DFM 
checks can be provided for the casting design 
guideline that assists the designer trying the 
various alternatives.    
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