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Abstract Nowadays, small and medium-sized manufacturing enterprises (SMEs) 
are facing intensive competition from the global market. For these SMEs, how to 
better manage and record the previous product development knowledge has be-
come a core issue for them to improve their product development process, cut 
down development costs, and reduce lead time. In recent years, considerable effort 
has been placed on developing new enabling technologies for SMEs to achieve 
high quality and productivity, and quickly responding to changing markets to meet 
customer requirements. This chapter presents our work in developing a STEP-
compliant online product digital library for rapid development of high value-added 
customized products. The chapter focuses on how to develop the product digital 
library for digitizing various types of customized products. This library uses the 
standard for the exchange product model data (STEP) as a foundation. New meth-
ods and tools are developed to model, record, and search information such as cus-
tomer requirements and expectations, engineering responses, product design, deci-
sion making, and product machining processes, etc. The recorded product 
information and knowledge in the library can be reused for the development of 
new customized products. 
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Abbreviations 

APs Application protocols 
CAD Computer-aided design 
CAPP Computer-aided process planning 
CIM Computer integrated manufacturing 
EDM Express data model 
LCP Library of customized product 
LCR Library of customer requirements and expectations 
LEV Library of engineering voice 
LMR Library of machining resources 
PDMS Product data management system 
SME Small and medium-sized manufacturing enterprise 
STEP Standard for the exchange product modeled data 

9.1 Introduction 

Manufacturing markets have become more and more competitive and customer-
driven in recent years. To survive and thrive in this competitive environment, 
manufacturing companies must utilize state-of-the-art technologies to improve all 
aspects of product development processes. It is essential to find globally optimized 
processes that can shorten the product life-cycle, reduce cost and lead time, and 
achieve high quality and productivity. This requires product data, information, and 
knowledge to be efficiently managed and utilized in a product life-cycle. As 
a reaction to the change in the market scenario where manufacturing is more cos-
tumer oriented, emphasis on using the Web to transfer knowledge and data within 
various entities of the product development cycle is increasing. The idea of inte-
grating various users in the distributed product development process through the 
Web is a promising strategy for companies being forced to react to the growing 
individualization of demand, which has been addressed by Xie et al. (2003) and Li 
et al. (2004). 

The main theme behind mass customization is to develop products that meet 
individual customer needs. This is generally closely tied to advancements in tech-
nology and its potential capabilities. The use of a product knowledgebase, which 
is a special kind of database to support product development, is a promising ap-
proach; however, the issues are still not fully solved in terms of how to develop an 
online product knowledgebase that is compatible, expandable, and able to inte-
grate product information in various stages. There are some limitations of conven-
tional technologies to meet the requirements of mass customization. They are (1) 
the problem of integration: conventional systems have normally been used to 
support the integration of one or two systems such as a computer-aided design 
(CAD) or the computer-aided process planning (CAPP) system. However, they 
cannot be directly used in the integration of the systems that are employed in other 
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stages of product development processes such as customer interaction and engi-
neering response to customers. (2) the problem of cooperation: many customized 
products are complex and are usually developed by combining the strength of 
several manufacturing companies, hence, data exchange and sharing between 
these companies should be very efficient and effective. 

Most SMEs either do not have a product knowledgebase or structure their prod-
ucts using different modeling methods. Hence, it has become a challenge for them 
to cooperate with each other in support of the development of a particular product. 
Normally, an extra data conversion process should be carried out. This is very 
inefficient. Sometimes, conflicts about the model structures may even cause loss 
of information that cannot be converted. Therefore, a non-compatible system has 
become a barrier for collaborative development of customized products where 
cooperative efforts are required. 

This chapter tackles the abovementioned issues and focuses on solving the fol-
lowing two issues: (1) how to digitally model customized products, and (2) how to 
take into consideration customer requirements, manufacturing constraints, supplier 
capabilities, and shop floor resources at the product design stage. The main objec-
tive is to develop a STEP-compliant online product digital library that can: 

1. Record historical product data, information, and knowledge. The library will be 
used by SMEs to record their product development experiences including suc-
cesses and failures, general product information, customer information, and de-
velopment knowledge, etc. 

2. Provide online tools for supporting product development processes. Online 
tools will be developed for users to record, search, and model various types of 
products. The developed library can be used as an on-line data and information 
library for design engineers. Evidently, through these useful tools, engineers 
and managers can easily and quickly source the necessary data and information.  

3. Provide interfaces facilitating communications between customers and engi-
neers. Efficient communication between a company and its customers is always 
important in order to develop a product quickly and meet customer require-
ments. The library will develop online customer interfaces for customers to in-
teract with the company.  
This chapter presents our work in developing a STEP-compliant online product 

digital library. First, a number of recent developments are discussed. The system 
architecture and a STEP-compliant product digital library are then introduced. 
Finally, case studies are conducted to demonstrate the feasibility and the compati-
bility of the proposed methods and tools. 

9.2 Literature Review 

STEP is currently considered a promising product modeling resource since it pro-
vides a standardized mechanism for product model data representation and ex-
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change. Considerable research effort has been placed on how to develop STEP 
compliant data models, methods, and tools for supporting various product devel-
opment activities. Yang et al. (2008) gave a comprehensive review on product 
modeling. Gu and Chan (1995) introduced a STEP-based generic product model-
ing system that was designed and implemented according to the generic resources 
of STEP and could thus be used to integrate manufacturing activities, such as 
process planning and inspection planning in the concurrent engineering environ-
ment. They presented an object-oriented approach for building product models for 
supporting product design. Their focus was placed on the definition of classes and 
the design of the user interfaces with CAD software tools. However, there were no 
discussions on the definition of the schemas and the knowledge modeling method-
ologies. Li et al. (1996) developed a feature-based parametric product modeling 
system, which employed a product model based on STEP and was managed by an 
object-oriented database. This system was suitable for application in a computer 
integrated manufacturing (CIM) environment. A STEP-based object-oriented 
product model based on STEP AP 224 was proposed by Usher (1996). This model 
was proposed for supporting CAPP analysis. A STEP-based part information mo-
del was developed for process planning purpose by Ming et al. (1998). Their mod-
els included a process planning information model and a production resource in-
formation model. Tang et al. (2001) presented a STEP-based die and product 
integrated information model (DPIIM), in which integrated resources of STEP 
were utilized to model six EXPRESS schemas. These models could support the 
concurrently developing stamp and die products. Zha and Du (2002) presented 
a product data exchange using STEP (PDES)/STEP-based assembly model for the 
concurrent integrated design and assembly planning.  

It can be concluded that STEP has become the core of product modeling 
processes to organize product data in the standardized representation, which 
greatly enhances the capability of data exchanging and sharing in the integrated 
manufacturing environment. To utilize the modeling resources defined in STEP, 
various methods are integrated with STEP to form an integrated product modeling 
environment. 

Application protocols (APs) are used for building up information models for 
the integration of STEP with different geometric modeling methods, such as 
AP204 addressed by ISO 2002 and AP203 addressed by ISO 1994. AP 203 inte-
grates five types of shape representation methods that include wireframe and sur-
face without topology, wireframe geometry with topology, manifold surfaces with 
topology, faceted boundary representation, and boundary representation to support 
the configuration controlled 3D design of mechanical parts and assemblies. For 
example, Shaharoun et al. (1998) utilized STEP to describe geometric data of 
a particular plastic product. The geometrical descriptions of the product were 
transferred into a CAD system to assist the design and machining of a suitable 
mold for the plastic product. Cai et al. (2002) proposed a method to build self-
defined APs for all kinds of machine parts based on STEP. They implemented this 
method to develop two APs for presenting the geometric data model of the cone 
gear product for final driver of automobile driving axle system.  
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STEP also provides a suitable representation method for different features. For 
instance, AP224 introduced by ISO 2005 illustrates the mechanical product defini-
tion of process plans using machining features; AP224 and AP218 introduced by 
ISO 2004 also contain the STEP expressions for the specific features in the par-
ticular application areas. The entity defined in STEP can be directly utilized to 
represent the target features. Some self-defined features such as the special assem-
bly structures, machining and technique information of some particular products, 
can be structured by using EXPRESS modeling language and integrated resources. 
Both STEP-defined features and self-defined features can optimize the data ex-
change and sharing capability of feature-based product modeling method. Typical 
examples of product modeling using the feature-based methods were introduced 
by Shah and Methew (1991), Meng et al. (1997), Zhao and Ma (1999), and Xie 
and Xu (2008). 

There has been limited research work in developing STEP-based product model-
ing methods. For example, Chin et al. (2002) and Xie et al. (2008) proposed 
a multiple view methodology for integrated product modeling based on STEP. Song 
et al. (1999) utilized a STEP-based integrated product model to support the pro-
posed design for manufacturing system. The aim was to extract the design informa-
tion of parts from a CAD system for automatically evaluating the manufacturability 
of those parts. Jasnoch and Haas (1996) developed a collaborative working virtual 
prototyping environment to integrate existing CAD systems. The underlying prod-
uct model of this environment was a STEP-based integrated product model. 

The focus of this research is placed on modeling customized products, the defi-
nition of the knowledge structure, and the integration of the schemas with other 
resources defined within STEP. Schemas are defined to make sure that the pro-
posed STEP-compliant digital library is compatible and can be used in modeling 
various types of customized products. These aspects, to the best of our knowledge, 
have not been studied extensively in literature. 

9.3 System Architecture 

The STEP-compliant online digital library provides input for supporting the de-
sign of customized products. The library is aimed at accumulating product devel-
opment experience or knowledge for SMEs, and supporting collaborative, inte-
grated, and concurrent product development, and capturing and responding to 
customer requirements. This library will be used to develop interoperability stan-
dards needed by SMEs to integrate the product design, planning, and manufactur-
ing processes. The structure of the STEP-compliant online digital library is shown 
in Figure 9.1. 

The library is composed of the library of customer requirements and expecta-
tions (LCR), the library of customized products (LCP), the library of engineering 
voice (LEV), and the library of machining resources (LMR). LCR is composed of 
customers’ requirements and expectations and can be updated through an online 
customer interface. LEV records the technical attributes of a designed customer 



176 S.Q. Xie 

product in response to its requirements and expectations. LMR includes the ma-
chining and manufacturing resources available in a company. LCP records all the 
information related to a particular customized product including geometric infor-
mation, machining information, constraints, cost, lead time and knowledge, and 
issues related to the development of the product. The following are the basic mod-
ules and tools developed for interfacing with the library: (1) an Internet-based 
software platform, (2) global customer interfaces, (3) an Internet-based integrated 
product development environment, (4) an Internet-based product design environ-
ment for supporting product design, (5) an Internet-based virtual process planning/ 
assembly environment, (6) an Internet-based virtual simulation platform, (7) an 
Internet-based virtual manufacturing platform, (8) Internet-based design/manufac-
turing product data /knowledge bases and tools, and (9) a global cost estimation 
and optimization tool. The modules and tools were introduced in detail in previous 
research papers by the author (Xie et al. 2003, Zhou et al. 2007, Tu et al. 2007).  

The product digital library is developed based on the four functional compo-
nents including an EXPRESS data model, EDM, a STEP-based modeling envi-
ronment, a ‘five-phase’ modeling method, and three EDM data exchange and 
sharing methods. The EXPRESS data model (EDM) is the core of the modeling 
framework. The EDM defines a complete product data structure and uses the stan-
dardized data format. It consists of 11 defined EXPRESS schemas and STEP AP 
203, which can be found in the papers by Xie et al. (2008) and Zhou et al. (2007). 
Each schema utilizes either STEP resources or STEP-based compatible resources 
defined by our research group to model a particular type of product information. 

The STEP-based modeling environment is established for the digital library. 
Within this environment, a modeling language-EXPRESS and its graphical repre-

 

Figure 9.1 Structure of the system platform 
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sentation method EXPRESS-G are used to model product structure. STEP generic 
resources are utilized to model product information that is defined by STEP. STEP 
AP 203 is used to model product geometric information and there are also new 
modeling resources defined for modeling product information not covered in 
STEP. A ‘five-phase’ modeling method is proposed to build up the EDM. It de-
fines a formal approach to logically organize all the tasks of building up the EDM 
in the modeling processes (Xie et al. 2008). 

To develop this proposed STEP-complaint online product digital library for 
customized products, the modeling framework and product model structure are 
very important. In this chapter, instead of discussing the structure and the individ-
ual modules of the entire system, the author opts to discuss the knowledgebase 
structure, modeling framework, product models and knowledgebase implementa-
tion of EXPRESS model, and the development of the STEP-compliant online 
product digital library.  

9.4 STEP-compliant Product Digital Library 

Figure 9.2 shows our proposed data structure of the STEP-compliant online digital 
library for supporting the development of customized products. The digital library 
is made up of the following data components: a product module, a module de-
scribing its design process, a tools module, a resources module, and an operational 
data and suppliers module. The product module describes the product informa-
tion;,the design processes module models various design stages of the product, and 
the tools and the resources modules describe the information of the tools used in 
developing the product and resources used; supplier information related to the 
product is modeled in the supplier module. The relationships between these mod-
ules are represented in Figure 9.2. The proposed structure provides the basic infra-
structure for digitizing customized products and is used in the author’s research 
group to establish the product design knowledgebase. 

 

Figure 9.2 Data components in the product digital library 



178 S.Q. Xie 

9.4.1 Product Knowledge Model 

The product knowledge model as shown in Figure 9.3 is the conceptual descrip-
tion of ideas, facts, and processes that together represent the model of a custom-
ized product to be designed. The knowledge model contains four top-down infor-
mation layers, which include a knowledge layer, a parts layer, a feature layer, and 
a parametric layer. The parametric layer contains products’ geometric information. 
The feature layer contains all the feature information, which includes not only 
attributes but also relationships with other feature-level information objects and 
objects defined by users. The part layer contains all the part information that in-
cludes feature information and relationships among different part-level informa-
tion objects. The knowledge layer contains not only parts information, but also 
“knowledge related” information objects and an inference engine. The knowledge 
in the knowledge layer is extracted from part-level knowledge and feature-level 
knowledge, which are formed by information objects and relationships among 
them. The knowledge in the knowledge layer can be directly used to support intel-
ligent concurrent design and manufacturing. The management feature is used to 
manage all the information of a certain part, which can be saved and used as part 
of a company database. Application objects defined by users according to the 
requirements of the project can be put in the feature and part layer. After a new 
object is defined, its relationships will be created by either the users or automati-
cally by the optimization algorithm and existing knowledge. This object with its 
relationships can be regarded as new knowledge, which can be used in new prod-
uct design and manufacturing process. 

 

Figure 9.3 Product knowledge mode 
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9.4.2 Product Data Object  

The object created in the product knowledge model is defined based on common 
concepts. There are groups of standard elements or information constructors that 
are used by every information model, which contain elements as follows:  
1. Entity – construction that represents appearances from the real world. 
2. Property – specific characteristic of entity, it could represent the numerical 

value, constraints, and behavior. 
3. Attribute – certain property types setting restrictions on other properties or on 

whole entities. 
4. Relation – implicit or explicit respect between two constructions in the model. 
5. Cardinality – this defines the number of instances of one construction that can 

be linked with instances of the other constructions. 
The entities and relations among them are the basics of the conceptual model-

ing. Also, the information models enclose the explicit group of the interpretation 
rules. The features that imply special demands on the information model are:  
1. The uneven and variable structure of data. 
2. The web like structure of the concept that is a result of the multiply links and 

dependencies. 
3. The dynamic nature of data considering product development process. 

The basic unit of the model is called a part. Such a part can be a piece that can-
not be disassembled (called simple part) or a piece composed from two or more 
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Figure 9.4 Product data description model 



180 S.Q. Xie 

other pieces with defined relations between them. Four models are extracted from 
the product knowledge model: description model, geometric model, material defi-
nition, and feature model. The task of the description model is to define descrip-
tive, non-geometric information about a product or assembly element. The entity 
product is the basic part of the description model and its purpose is to describe 
physical objects emerging from some process. The geometric definition of the 
product is the basic definition from which follows all the necessary information 
for analysis or product realization. The feature model is a variation of the geomet-
ric modeling, but due to the specific approach it is separated into a different 
model. The material definition model contains all information about materials that 
are necessary for the modeling or the product realization. Figure 9.4 presents 
a subset of entities for product structure description model using EXPRESS-G.  

This model is very complex because it contains extremely large amounts of in-
formation about a product. The majority of information is stored in geometry and 
features models and this is the reason for simplifying the model for product struc-
ture description. 

9.5 Case Study 

Case studies are conducted to demonstrate the feasibility and the compatibility of 
the STEP-compliant online product digital library in digitalizing products from the 
different engineering applications. The rationality of the EDM and the relevant 
modeling methodologies are also tested. The clamp assembly product as shown in 
Figure 9.5 originated from a design project within the ENGINEERING tutorial 
book. Figure 9.5 shows a 3D solid model of this product, which is generated from 
Pro/ENGINEER® Wildfire® CAD system (Lamit 2004). 

 

Figure 9.5 3D Model of the clamp assembly product (Zhou et al. 2008) 
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Figure 9.6 shows a tree structure model to demonstrate how this product model is 
assembled. The clamp assembly product consists of two subassembly components: 
a clamp and a plate. These two subassembly components are connected by the arm 
part. The subassembly clamp includes six components: an arm part, a swivel part, 
a foot part, a stud part, and two ball parts. The subassembly plate includes four com-
ponents: an arm part, a plate part, a stud part, and a flange nut part. 

 

Figure 9.6 Structure of clamp assembly product (Zhou et al. 2008) 

Three EDM data exchange and sharing methods, which were introduced in Xie 
et al. (2008) and Zhou et al.( 2007) are used to model different aspects of product 
data of the sample product. 

1. Product geometric data and product general information of the sample product 
are modeled into STEP Part 21 files. These two products are utilized to test 
product geometric data module and the product_definition_schema.  

2. The product inspection data of the sample product are modeled as the 
STEP objects by an application C++ program. This is to test the inspec-
tion_information_schema defined in the EDM.  

3. A prototype online digital library is developed to represent product data. The 
manufacturing processes of the assembling data of the “clamp assembly prod-
uct” are modeled. They are utilized to test the process_planning_schema de-
fined in the EDM. 

9.5.1 Modeling Product Inspection Information 

The inspection data of the product were modeled based on the working form 
ROSE C++ library. Through the integrated developing software environment that 
consists of ST-Developer and Microsoft Visual C++, the inspection data are mod-
eled into STEP objects. This case study is carried out by following the above three 
steps. The product inspection information are modeled into STEP objects and 
presented as a STEP Part 21 file. 
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1. The inspection_information_schema is converted to C++ class definitions 
through EXPRESS Compiler in ST-Developer® as shown in Figure 9.7. 
Meanwhile, as the product_definition_schema and product_document_schema 
are referred by the inspection_information_schema, these two schemas are 
converted to C++ codes as well. The six corresponding ROSE schema files,  
inspetion_information_schema.rose,   
inspection_information_schema_EXPX.rose,   
product_definition_schema.rose,product_definition_schema_EXPX.rose,  
product_document_schema.rose, and   
product_document_schema_EXPX.rose are generated. 

2. The functions and variables in these C++ codes and the data-dictionary in the 
*.rose files are utilized to generate the application ROSE C++ program. 

3. The STEP objects are displayed in the command window and outputted in 
a STEP Part 21 file. The manipulations of these two STEP objects are realized 
by utilizing the functions ROSE.display and ROSE.saveDesign defined in the 
ROSE Library. Figure 9.7 presents the screen snapshot of ROSE.display( ) 
results.  

SCHEMA Inpsection_information_schema;

Reference FROM product_definition_schema
(.product);
......

TYPE result = SELET (pass, fail); 
END_TYPE;
TYPE pass = STRING;
END_TYPE;
TYPE fail = STRING;
END_TYPE;

ENTITY product_inspection;
of_product: product;
inspectios_list: SET [0:?] OF inspection_test;
.......
END_ENTITY;
ENTITY inspection_test;
.......
END_ENTITY;
ENTITY inspection_pass_requirement;
.......
ENd_ENTITY;
ENTITY result_value;
......
END_ENTITY;

END_SCHEMA;
C++ codes

Rose files

 

Figure 9.7 Converting inspection_information_schema into C++ classes and ROSE schema file 
(Zhou et al. 2008) 

There are 19 STEP objects created in this case study, from <0–0> to <0–18>. 
These STEP objects are built up based on the inspection_information_schema, 
product_definition_schema and product_document_schema in the EDM. 

The STEP objects <0–0> to <0–2> are the three instances of inspec-
tion_pass_requirement in the inspection_information_schema. The STEP objects 
<0–3> to <0–5> define three instances of the SetOfinspection_standard. The STEP 
objects <0–6> to <0–8> present the three instances of the inspection_standard in 
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the inspection_information_schema. The STEP object <0–9> defines the product 
data for an instance of document_type in the product_document_schema. The 
STEP objects <0–10> to <0–12> present the three instances of result_value in the 
inspection_information_schema for three inspection tests modeled in STEP objects 
<0–14>, <0–15>, and <0–16>. An instance of result in the inspection_informa-
tion_schema is modeled into STEP-object <0–13>. 

There are three instances of inspection_test in the inspection_information_ 
schema. For example, in the STEP object <0–14>, the id, name, and description 
are valued as “lid-inspection001” and “open torque test”, respectively. The 
test_product is valued by STEP object <0–17>, which stores the definition of the 
product. The frame_of_reference utilizes the STEP object <0–3> to define the 
referring standards. The other two instances inspection_test, STEP objects <0–15> 
and <0–16> are defined in the same way.  

The STEP object <0–17> is an instance of product in product_definition_ 
schema. The of_category utilizes STEP objects <0–18> to define the product cate-
gory data about the product modeled in STEP object <0–17>. 

9.5.2 Online Product Digital Library  

A prototype online digital library named product data management system (PDMS) 
is developed by using the third EDM data exchange and sharing method. All 
product data will be stored and managed by this system. The prototype library 
consists of two parts: a product data interface and a product knowledgebase. These 
parts are both developed and based on the EDM.  

9.5.2.1 Product Data Interface 

This interface has two main functions. The first is to support inputting product 
data into the product database. The second is to manipulate product data including 
data querying and data updating, which is based on the support of Microsoft Ac-
cess. These two functions are presented on two separated windows: data input 
window and data query window. Their layouts are organized according to the 
schemas structure of the EDM. Figure 9.8 shows four kinds of product data input 
windows for product general information, product inspection information, product 
manufacturing process information and product assembly information. A data 
query window is also developed to enable users to search the PDMS. The query 
field can be chosen from the pop-up menu. The query key word can be inputted 
from the blank input field and served for data query after clicking the “submit” 
button. The query results are presented using an excel table or form.  
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Figure 9.8 Product data input window and query window (Zhou et al. 2008) 

9.5.2.2 STEP-compliant Product Knowledgebase 

The main functions of the product database are: (1) storing the product data 
following the structure defined by the EDM, and (2) utilizing the Microsoft 
Access manipulate data. There are 19 tables in the proposed product database and 
they are categorized into four types: (1) the product general information, (2) the 
product inspection information, (3) the product assembly information, and (4) the 
product manufacturing process information. These tables are naturally associ-
ated with the corresponding schemas: the product_definition_schema, the assem-
bly_information_schema, the inspection_information_schema, and the manufac-
turing_process_schema.  

The structures of the above schemas are mapped into product database. There 
are two types of mappings: (1) that between EXPRESS ENTITY and the table in 
the product database, and (2) mapping the relationships between different 
EXPRESS ENTITYs to the corresponding tables in the product database. For the 
first kind of mapping, the attributes of an entity are mapped to the corresponding 
columns of a table. The name and the value type of the input field are mapped 
from the attribute definition. Figure 9.9a presents the first type mapping between 
assembly_information_schema.assembly_proudct and the table “assembly”. The 
relationships between entities are also presented in between tables. Figure 9.9b 
shows the relationship between assembly_information_schema.assembl_proudcty 
and assembly_information_schema.part, which are mapped into two tables named 
“assembly” and “part”. 
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Figure 9.9 Mapping between (a) product database and (b) the EDM (Zhou et al. 2008)  
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9.5.3 Modeling Product Manufacturing Process Data 

A lid is utilized to test the process_planning_schema through the prototype 
PDMS. This test utilizes the product manufacturing process data input interface 
and involves six access tables: action, action_property, manufacturing_process, 
manufacturing_feature, tolerance, and tolerance_type. They are built based on the 
process_planning_schema.  

In this case study, all data of the manufacturing process of a water bottle lid 
are modeled. There are seven steps to manufacturing a product such as the water 
bottle lid. The second manufacturing step, “injection”, is modeled through the 
PDMS shown in Figure 9.10. The product data of this step are inputted through 
the manufacturing action information input window (see top of Figure 9.10); they 
are stored in the product database table “action” (see bottom of Figure 9.10). The 
product data of this step are demonstrated as: (1) “step002”; (2) “injection proc-
ess”; (3) “injecting 2.4*24g melted HDPE to the cavity”; (4) “property 001” and 
“property002”, which are 210° and 840 bar, respectively; (5) 0.8 s; (6) “nozzle”, 
“24-cavity mold”, “HUSKY S160”; (7) none; and (8) 2. These eight data ele-
ments correspond to the eight attributes of manufacturing_process_action. The 
arrows show this mapping relationship. The product data of the other six steps are 
inputted into the STEP-compliant product knowledgebase as presented in the 
“action” table in the Figure 9.10. 

 

Figure 9.10 Modeling the “injection” step of the water bottle lid product (Zhou et al. 2008) 
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9.5.4 Modeling Product Assembly Information Data 

The product assembly information of the clamp assembly product is utilized to 
test assembly_information_schema through the prototype product knowledge-
base. This test utilizes the product assembly information input interface and it 
involves five Access tables: assembly table, part table, subassembly table, con-
nector table ,and connecting_method table. They are built up based on the as-
sembly_information_schema.  

Figure 9.11 shows a user interface for inputting product assembly information. 
There are five fields, which are structured based on the corresponding entities in 
the assembly_information_schema. For example, the first input field named “as-
sembly basic information” is generated by mapping the structure of the assem-
bly_product. Its input “ID”, “name”, “sub_part_list”, “sub_assembly_list” and 
“connector ID” refer to the five attributes of assembly_product: id, name, 
sub_parts, sub_assemblies, and connection_information. 

  ENTITY assembly_product
  SUBTYPE OF (product);
  INVERSE
  sub_parts: SET [0:?] OF part FOR of_assembly;
  sub_assemblies: SET [0:?] OF subassembly FOR of_assembly;
  connection_information: SET [1:?] OF connector FOR of_super_item;
  WHERE.......
  END_ENTITY;

ENTITY part

ENTITY subassembly

ENTITY connector

ENTITY connecting_method

  

Figure 9.11 Assembling information input (Zhou et al. 2008) 
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Figure 9.12 shows the detailed search results of nine instances of the product 
clamp. There are nine components of the clamp product. For example, as for the 
flange nut part, its product data are presented as: “part009”, “flange nut”, “ ”, 
(“subassembly”, “subassembly001”), 3, and 003. They are sequentially matched to 
the attributes of part, which are id, name, description, super_item, lever_in_as-
sembling_hierachy, and connection_information.  

The product data can be retrieved from the digital library. For example, as for 
the “part009” shown in Figure 9.12, the “super_item” is “subassembly” and the 
“super_item_id” is “subassebly002”. The detailed information of “subassem-
bly002” can be retrieved by querying in the subassembly table. The “part009” is 
listed in the “sub_parts” column. This example presents the relationship between 
subassembly and part. The super_item attribute of part can be valued by an in-
stance of subassembly; the sub_parts attribute of subassembly is defined by a set 
of instances of part. 

Figure 9.13 shows a summary of all the assembly data about the clamp product, 
which are stored in the five tables (assembly, subassembly, part, connector, and 
connecting_method) of the product database in the prototype PDMS. 

 

Figure 9.12 “Part” data querying results (Zhou et al. 2008) 
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Figure 9.13 Assembly data of clamp product stored in the PDMS (Zhou et al. 2008) 

9.5.5 Discussion  

Interfaces are designed for interacting with customers in real time within the de-
veloped prototype digital library. Through the interfaces, customers can directly 
input their enquiries and make changes to their requirements and expectations. 
The information will be fed into the company through the online system, and en-
gineers will start a search through the digital library. The search process will 
check whether the company has developed similar products before. The search is 
carried out using a combined method involving both customer requirements (e.g., 
keywords used) and engineer inputs (e.g., feature or geometric information). If 
a similar product is found, its relevant information can be retrieved from the digi-
tal library, the design team can then start with this product. This greatly shortens 
the product development cycle and the company can respond to its customer en-
quiries quicker. The main advantages of developing the STEP-compliant online 
digital library for developing customized products can be summarized as follow-
ing: (1) record of product development knowledge for reuse, (2) reduction of 
product development time, (3) better interaction with customers, and (4) quick 
response to customer changes. The STEP-compliant feature of the digital library 
also enables the integration of the entire product development process.  
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9.6 Conclusion and Future Work 

This chapter presented a STEP-compliant online product digital library for rapid 
development of customized products. The focus of the study was to develop 
a STEP-compliant product knowledge base for digitizing products of different 
types. This is achieved through the definition of the schemas and the proposed 
product knowledge modeling methodologies. Case studies are carried out to vali-
date the proposed modeling methods. A prototype online digital system has been 
developed to demonstrate how the library works. From the case studies, the fol-
lowing conclusions are drawn:  
1. The proposed STEP-compliant online product digital library is compatible for 

digitizing products of different types. The examples from the case studies can 
be extended to different manufacturing applications. Through the product digi-
tizing methods, the product data are modeled and stored in proper formats.  

2. The online product digital library is able to support the modeling of a wide range 
of product data, especially the product manufacturing data. In the case studies, 
five aspects of product data are modeled through the proposed library. The corre-
sponding product models provide a comprehensive view of the product. 

3. The case studies show that all customized products are associated with the 
EDM. The entire product modeling processes is dependent on the data structure 
defined in this data model.  

4. The EDM is flexible to be implemented. It has four modules. Each module of 
EDM, even each EXPRESS schema, can be considered as an individual 
EXPRESS data model. They can be applied with the EDM data exchange and 
sharing methods to model the corresponding product data. In three case studies, 
the product general information module, the product geometric data module, 
the inspection_information_schema, the process_planning_schema, and the as-
sembly_infomration_shcema are utilized individually to support modeling 
product data. 

5. The prototype system is developed to demonstrate how the proposed STEP-
compliant online product digital library works with general database systems 
for modeling and managing product data. This is based on the third level of 
EDM data exchange and sharing method (Xie et al. 2008).  
The STEP-compliant online product digital library provides a well established 

mechanism to support the integration of manufacturing systems through the pro-
posed product modeling methodologies. However, more work needs to be carried 
out on developing tools for supporting the integration of product development 
systems. The future work in the area is enormous and not limited to the following 
three areas. 

The first area is to further develop the prototype STEP-compliant online prod-
uct digital library system. This includes the input/output interfaces for the integra-
tion of various computer aided systems, such as CAD, CAPP, and CAM. The 
system needs to provide a standard interface to transfer product data with proper 
format to the end user. 
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The second area is to further validate the proposed online digital library by ap-
plying it in modeling products of other types. Our research work in modeling sheet 
metal and injection molding products has shown that this is a complicated process 
(Tu and Xie 2001, Tu et al. 2007). Future work in this area requires great effort to 
define new schemas as STEP itself is still at its development stage.  

The third is to explore the possibility of integrating the proposed online digital 
library with other Web/Internet-based manufacturing. This can enable the pro-
posed library to be easily adopted by other Internet-based systems. The possible 
implementation method involves utilizing mapping between XML and EXPRESS, 
which is defined in STEP Part 28 by ISO (2003). 
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