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 

Abstract— The changes in world economy are changing very 

fast and the company knowledge assets and processes are 

becoming primary source of organization which is intellectual 

property that need securely stored and maintained. Challenges 

that companies are facing today such as need to reduce time-to-

market, the development and manufacture costs, or to manage 

complex products with advancing technology. Due to recent 

global financial crisis price competition in the market has led 

companies to fight with competitors for limited orders. The 

external pressure on delivery time has increased, which again has 

put internal pressure on bringing down development time, which 

leads for collaborative work environments. Modularisation of 

product structures will facilitate in collaborating design activities 

between a diversity of disciplines in global companies, which 

again involves supporting computer based tools for enhancing 

interaction, communication and design management. Product 

Lifecycle Management (PLM) serves as particularly useful tool 

for product data and knowledge management. The deployment of 

a PLM tool has been seen as an important facilitator for 

achieving success with the modular design strategy. One of the 

biggest challenges in implementing new techniques is how to 

handle existing knowledge and / or information. This paper 

describes how modular product structure can be implemented in 

PLM and connects relevant product knowledge at different levels 

when the product is generated in the process of new product 

development. This will enable to trace the information across 

products to compare existing information and reuse for future 

products. 

 
Index Terms—Product Lifecycle Management (PLM), 

Modular Architecture, Product Data and Knowledge 

Management.  

 

I. INTRODUCTION 

HE inability to collaborate effectively across product 

development teams is mainly due to lack of integration of 

product development and manufacturing systems which 

prevents companies from effectively innovating new products 

or even releasing the product to market quickly. Collaboration 

requires the integration of information and processes. 
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Integration also prevents big challenges, as companies must 

align the overall IT landscape to enable innovation. 

Some of the challenges in collaborative design methods are [1] 

- Difficult to integrate the development over several 

departments, which may total thousands of 

employees. 

- Difficult to recognise and manage modules and 

interfaces because of product data scattered in both 

CAD systems and other architecture descriptions.  

- Difficult for designers to find and re-use existing 

modules. 

The management of product development processes faces 

more challenges than ever before, because it significantly 

concerns product data (PD) sharing, process controlling, cost 

reduction, and inter organizational cooperation in the 

international market [2]. PLM is considered as a strategic 

business approach that applies a consistent set of business 

solutions to support the collaborative creation, management, 

use, and dissemination of product information across the 

extended enterprise [3]. 

CAD and CAE tools traditionally rely on integrated data 

management platforms to directly and easily manage 

interaction and support concurrent engineering by multiple 

people within a design and engineering discipline.  A known 

PLM challenge has emerged with use of these tools that are 

not well integrated with enterprise Product Data management 

(PDM), Enterprise Resource Planning (ERP) and Customer 

Resource Management (CRM) systems.  

 

Many global companies are grown their business locally for 

the many years. From the last two decades, there seems to be 

general transformation from independent projects for 

developing the products to developing product families. 

Modular architecture based product development has been 

developed for many years, to address this changing way of 

developing products, which focuses on the design of product 

ranges instead of individual products. This can be done by 

reuse of knowledge, components, processes and utilization of 

economics of scale in many activities that are necessary to 

provide products to customers. 

Providing the right information to designers about the product 

or assembly including the required function, customer 

requirement, any spatial limitations, and methods that have 

been applied successfully in the past, will increase the scope 

of innovation. The main focus of this research is to attain the 

traceability of product information so that designers that can 

Integrating Product Knowledge with Modular 

Product Structures in PLM 

M.P. Giddaluru, J. Gao, and R. Bhatti,  

T 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Greenwich Academic Literature Archive

https://core.ac.uk/display/109947525?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


> 59 < 

 

2 

make decisions on how previous designs may satisfy similar 

specifications of new products, which enables the use of the 

existing product knowledge and reduces the time to market.  

II. THEORETICAL WORK 

A product development process is a sequence of steps or 

activities, which an enterprise employs to conceive, design, 

and commercialize a product. The generic product 

development process consists of six phases [4]. During this 

process, large amount of product data or information is 

generated. A product data is defined to be all product related 

data including drawings, digital documents, CAD files, 

product structure, Bill of Material and so on. The challenge is 

to ensure all data is shared among personal who need this 

information as and when required, so that all participants 

spend time on designing the new products rather spending 

time in searching for information [5]. Providing the right 

persons the right information in the right formats at the right 

times by capturing, generating, associating, structuring and 

maintaining information in an efficient way according to 

enterprise business practice is very challenging [6]. Around 

20% of the designer’s time is spent on searching for and 

absorbing information. This figure is even higher for technical 

specialists. Furthermore, around 40% of all design information 

requirements are met by personal stores, despite the fact that 

more appropriate information may be available from other 

sources. The type of information used changes during the 

design process [7]. Many Knowledge-Based Engineering 

(KBE) tools provide knowledge relating to geometry that can 

otherwise be reused through the formalisation of associations 

between product parameters. However, there is a wealth of 

non-engineering knowledge elements that is a wealth of non-

geometric knowledge elements that could be reused but maybe 

missing from KBE systems. 

 

In the engineering and manufacturing industries Product 

Data Management and Product Lifecycle Management 

(PDM/PLM) have become one of the most important 

investments because the management of high quality product 

data is a core capability that boosts new product development 

process. The product development processes are quite 

different from the typical business operations and 

manufacturing processes in managing information quality of 

product development. Due to the complex nature of new 

product development process, firms need to pay extra 

managerial effort to acquire relevant information quality [2]. 

Because the involved parties for a particular product 

development project may be scattered over different locations 

and have a rather limited understanding of how the relevant 

PD was processed and the information quality was achieved, 

firms need to provide valuable information for the involved 

parties to improve confidence and avoid misunderstanding of 

product development [8]. Thus, trying to analyze, evaluate, 

test, experiment, demonstrate, verify, and validate are 

important activities of product development to create valuable 

and high-quality product development [9]. Companies often 

use a PLM tool for management of CAD files, documents, and 

drawings, but they do not take advantage of the full potential 

of the PLM system to support the development activities of 

modular product designs. [1].  

 

The most common use for PDM/PLM is used for managing 

design data, possibly CAD and manufacturing data of products 

and their variations, which represents a Computer-Aided 

technologies (CAx) oriented view of PLM [10]. A Closed 

Loop Lifecycle Management (CL2M) was proposed by 

Matsokis and Kiritsis [11] attempting to extend PLM to the 

usage, refurbishing, disposal and other life cycle phases that 

product instances go through. The objective of CL2M is to be 

able to continually improve design, manufacturing, use and 

end-of-life.  

 

Modularisation of product structures, appropriately applied, 

can serve as a means to provide the variety needed from a 

customer point of view and at the same time reuse sub-

solutions across different products to improve time-to-market 

and maintain predictable product quality [12]. The efficiency 

of information reuse in product design relies on the definition 

and management of equivalence information between various 

product data and structure representations [13]. The most 

prominent idea behind PLM systems, or the top-down 

perspective on new product development, is that companies 

can create more value by integrating data from multiple 

systems in order to obtain synergies of all available product-

related data and to eliminate redundant data existing in 

different system environments. However, many manufacturing 

companies deploy PLM systems in an ineffective way, merely 

for documenting and managing product data as CAD files, 

product related documents, and drawings. The result is that 

firms might find themselves far from the expected operational 

or strategic outcomes from PLM tools [11–14] then they 

expected. 

 

By use of a modular product architecture economies of 

scale can be achieved by the repetition effect in order to 

reduce unit costs and to increase the quality [14]. The 

expected savings of a modular product architecture are about 

20% cost saving in development, logistics and production and 

up to 30% time saving in time to market [15]. Especially for 

the ramp-up and fast reaction to market requirements a 

modular base is needed to realize competitive advantages. 

However, most companies lack a systematic approach to 

developing modular product architecture, instead they use the 

existing products as basis and adapt them for new products. 

This leads to more effort in the process of product 

development, both in time and cost.  
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Fig. 1.  PLM disciplines with product life cycle management 

 

PLM has the capability to implement modular product 

architecture and also not only storing the design data but also 

manage simulation, manufacturing, service and change 

management data. Fig. 1 shows how the four data 

management disciplines correspond to each phase of the 

product life cycle, while the Engineering Change Management 

discipline spans all phases. [16]. 

 

A case study has been conducted with a global 

manufacturing company to understand the basic issues in new 

production development in relation to product knowledge 

management maintenance. The company is in the process of 

implanting PLM system (PTC Windchill). This paper presents 

an approach using modular product structure in PLM and 

organizing the product knowledge within PLM connected to 

respective data. One of the biggest challenges to implement 

new technique is how to handle the existing knowledge. To 

narrow down the scope of this paper it deals mainly with the 

product knowledge; how the product knowledge is 

systematically created, leverage, sharing and reuse. A tool has 

been proposed to arrange the legacy data in the form of 

product modular structure and migrate to PLM system. 

III. CASE STUDY 

The sponsoring company is a global manufacturing 

company producing engines (gas, diesel), power generation, 

turbos, filtration, emission controls, switch gears and other 

related products. The company locations are spread across the 

globe in all disciplines of life cycle design, validation, 

manufacture, distribution, service and commissioning. This 

paper covers the study of one product family i.e. Power 

Generation taken voices few sites that are involved in product 

development process. A detailed survey was conducted in 

three different forms: face-to-face interviews, telephonic 

interviews and online survey for those who were unable to 

make for the first two. Two of the survey results are shared 

below which are relevant to this paper.   

Q1: How often do you think you need to use existing product 

information or knowledge in new product development 

process? 

Result: almost 75% people responded that they often needed 

to use the existing product information or knowledge. Twenty 

three percent said they used some times. This gives an 

indication that more than 75% will need existing product 

information in developing new products. 

Q2: How easily can you find existing product information for 

your job?  

Results: Fifty six percent replied that it is hard to very hard to 

find the existing product information or knowledge, 14% said 

that they are neutral; either they can find information or they 

will redesign if they cannot find. This leads to duplicating the 

work. 

 

The results from interviews and survey shows there is gap 

or need to have robust product knowledge management 

methodology to achieve good traceability for reuse for the 

existing knowledge. Since the company has grown locally in 

different locations there has been a trend in the use of local 

processes in generating and storing the information in 

different systems. To move from a local to a global company, 

they need to harmonize the process and systems. A detailed 

study of generator product family is conducted to understand 

the product structure. The company has very good modular 

product structure on paper, but the data is not organized in the 

system as per the structure. In the following section a 

framework has been proposed to integrate product knowledge 

to the modular product structure.  

 

IV. MODULAR PRODUCT STRUCTURE  

Modular products consist of detachable modules, which can 

be manufactured, assembled, and serviced separately. Some of 

the modules may be reusable, recyclable or re-manufacturable 

depending on product requirements. Thus, modular design can 

provide benefits to many aspects of the product life cycle [17]. 

Product modularity is primarily seen as a product-structuring 

concept, in which the product system is decomposed into 

smaller more manageable chunks (modules) in order to better 

manage design and manufacturing complexity. The common 

way this is done is by the decomposition of the product down 

to component level and then grouping of the components to 

form modules. Modularity is a concept and process of 

clustering the independent components into logical units that 

are relatively independent of each other in functions [18]. 

 
Fig. 2.  Modular product structure class diagram with product knowledge 

relationships 
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Modular design methods that have been focused on include 

function-based [19] [20], manufacturing or assembly [21], and 

mass customization [22].  Ulrich and Tung [23] gave a 

summary of different types of modularity and their advantages 

and disadvantages. 

  

Modularity allows the designer to control the degree to 

which changes in product maintenance and service processes 

affect the product design. By promoting interchangeability, 

modularity also gives designers more flexibility, with 

decreased cycle time to meet these changing processes. The 

flexibility that modularity offers is increasingly important as 

uncertainty in service requirements (due to new diagnostic and 

repair technology and ever changing warranty agreements) 

increase. This flexibility allows some design decisions to be 

delayed because they have a lower impact on the total product. 

Controlling the impact of changes and being flexible to 

respond to changes are the benefits of modularity. A flexible 

product can more readily adapt to a late influx of service 

technology or a late change in service strategy. 

 

Fig. 2 shows an example of modular product structure of the 

sponsoring company; Genset product is discussed below. 

Genset is a power-generating machine consisting of 

approximately 22 modules depending upon the configurations. 

The multilevel structure consists of features, options 

(variants), assemblies, sub-assemblies and parts. This structure 

is initially generated from engineering function called 

engineering BOM (E-BOM) and then modified or re-

structured in different stages thru its life cycle; for example 

manufacturing BOM (M-BOM), configuration BOM (C-

BOM), service BOM (S-BOM) and others.  

 
Fig 3. Courtesy Cummins Power Generation 

(http://power.cummins.com/sites/default/files/literature/brochu

res/APSB-5795-EN.pdf) 

 

In the example shown in Fig. 3, is a Genset product family; 

in the PLM terminology this is called End-Item. The products 

can be configurable product, pre-configured and engineered to 

ordered products. Products at level 1 item consist of one or 

more features. Features or modules at level 2 items are defined 

as sub-functions and are part of overall product performance. 

Air-Cleaner is a module within Genset that represents a sub-

system in handling the air intake to the engine. Similar to this 

feature there are 22 other sub-systems in the Genset product 

family, for simplicity only one feature is shown in the above 

example. Each feature may have one or more options or 

variations. Air-Cleaner feature has 2 or 3 options depending 

upon the operating conditions of the product; heavy duty, 

medium duty and light duty. If the product is operated in open 

condition and high-polluted environment the customer will 

select heavy duty and if the product is running in closed 

environment or the product is enclosed then it can be selected 

as a light duty option. Each option will consist of having an 

assembly or part designed, in this case there will be different 

assemblies for heavy, medium and light duty as each has got 

specific requirements to meet. The assemblies at level 4 items 

in the structure consist of E-BOM. At this level we should be 

able to see the parts or sub-parts either manufactured in-house 

or purchased from suppliers or a combination of both. In the 

Air-Cleaner feature, the air-filter is the main part that 

distinguishes between the options. There are many more levels 

(10) under parts, but which are not discussed in this paper. 

 

Due to the use of many systems and processes in PD 

process data, knowledge exists in many different systems or 

places. Some additional knowledge is available only from 

engineers, workers or maintenance experts. The first question 

is how to capture and extract relevant data and knowledge 

from different available sources so that this information can be 

connected to design data modules, which can be traced back 

when needed in decision-making process for future products. 

As mentioned earlier companies who implemented PLM are 

using mainly CAD data management or part data 

management. Very few are taken advantage of the full 

potential of the PLM capabilities. PLM supports product 

structures with many levels of BOM, so this paper proposes to 

design the product structures in PLM systems where CAD 

data and part data reside in the same system. Then make a 

direct or indirect relation to the product information as 

mentioned in modular product structure section like 

simulation, manufacturing, service, test data.  Most new 

versions of PLM systems have got capability of storing or 

managing many different types of objects (files), for examples 

simulation data in the form of reports either PPT or PDF or 

MS Docs.  

 

In the example shown in Fig. 2 there is direct co-relation 

between product information/knowledge to the product 

modular structure. One of the many advantages with this 

methodology is traceability of information from the connected 

part or CAD geometry. A sample scenario is run for this 

methodology, as per engineering standard requirements and a 

theoretical simulation needs to be undertaken for the Air-

Cleaner module. This can be done at assembly level where 3 

simulations need to done, or one simulation for worst-case 

condition. Depending upon which method is used the output 

would be connected to that level, if the simulation is done at 

module level the information is connected to feature or 

module level and if it is done at assembly level it is connected 

to assembly. Knowledge can be in any forms, simulation 

models, failures and suggestions, reports of final results. This 
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will enable engineers to search for all similar simulation 

information across all products to make decisions in 

development of new products. Since PLM systems have a very 

robust revision control methodology, it allows comparing the 

changes done on each revision with the same item or 

comparing can also be done with similar part from other 

products. This will reduce the time in searching the 

information and comparing the same with other products. 

V. METHODOLOGY IMPLEMENTATION 

Current Out-Of-The-Box PLM systems do not provide any 

mechanism to create a modular product structure. One of the 

biggest challenges in implementing any new technology is 

how to deal with existing data. All PLM systems provide tools 

for data migration, but they are mainly focused on migrating 

data as it is from the legacy systems, do not have much 

flexibility in making changes or configuring the data for re-

organizing. This is mainly because the tools are developed for 

general purpose not specific to any product types, which leads 

to either using custom tools or to adopt to the default system 

processes. There is a trend in recent years that companies are 

not in preference of doing customization. There are 

advantages and disadvantages of doing so; over customization 

will increase the cost of maintaining the system while there 

are any upgrades. Data translation and migration from one 

system to other system is increasingly difficult based on the 

volume of data, quality and complexity. Automation of data 

translation and validations at each step helps to achieve higher 

ROI. Detailed planning, analysis, selection and prioritization 

of the data are some of key parameters for successful data 

migration. It is important to try to establish the value of the 

data that is considered for conversion and the scope of that 

effort [24].  

 

A global product structure with knowledge data integration 

was proposed by Giddaluru [25] and is shown is Fig. 4. To 

demonstrate the methodology a tool has been designed using 

Visual Basic for Applications (VBA) within Excel. It is an 

integration of Microsoft's event-driven programming language 

Visual Basic with Microsoft Office applications such as 

Microsoft Excel, Microsoft Word, Microsoft PowerPoint and 

more. By running Visual Basic IDE within the Microsoft 

Office applications, we can build customized solutions and 

programs to enhance the capabilities of those applications. The 

tool has been named ‘Integrated Product Modular Structure’. 

A sample data of few products is collected from the 

sponsoring company. The well-defined product structure of 

this product type is studied and incorporated into the tool. The 

design will also allow for future scalability to any product 

structure; this may include different product types as well.  

 

The tool has the ability to create new products , features and 

options. Once the required features and options are created, a 

product structure can be created by selecting required level 2 

and 3 features and options, respectively. The example data 

shown in Fig. 5 is from sponcering company product 

strucuture data. The main function of this tool is to create a 

product with modular product structure including features and 

options making a meta data connections in the background. 

The three left boxes are used to create new products, features 

and options. 

 
 Fig. 5.  Integrated Product Modular structure interface tool  

 

The product data is collected from three different systems; 

product data management (PDM), enterprise resource 

planning (ERP) and product configurator. Most of the global 

companies use ERP systems for their operations and order 

management. These systems will have product strucuture in 

some format if not flat BOM that is used to product the 

product. Another system where BOM is structured is 

Configurator. A configurator can have over loaded BOM of 

the product, in which rules are created to drive the 

configurable product. This is also referred to as CBOM. The 

CAD data which is the starting point of the product 

development process is maintained in many locations, but 

mainly on CAD data management system or product data 

managment. Data from all these systems are imported to this 

tool. Boxes on Right side  shows the data from three systems, 

Frame ‘New Folder Creation’ is used to create the folder 

structure for storing different forms of product data.  

 
Fig. 4.  Modular product structure class diagram with product knowledge 

relationships 

  

 

 

 



> 59 < 

 

6 

 
Fig. 6.  Data transfer mechanism process model from legacy systems to PLM 

with modular structure 

 

The meta data from the three systems is fed to the interface 

tool, where the modular structure can be created by selecting 

the data points. The process of getting the legacy data from 

existing systems to PLM is done in three main stept: importing 

the meta data from existing systems to interface tool, 

converting this data to modular product structure, exporting 

the meta data to XLM and finally from importing from XML 

to PLM. Fig. 6 shows the pictorial representation of this 

process. The PLM sytem offers multiple methods for 

automation. The current study is undretaken on Windchill 

PLM system, which has the scripting langauge called Info 

Engine that works directly on the implemented data model. 

Other PLM systems are likely to have similar langaugaes. 

VI. CONCLUSION 

Manufacturing enterprises have evolved for many years 

and there is a large amount of product information already in 

existance in the industries. Implementing a modular product 

structure in PLM has been proposed based on the case study 

undertaken in a global company. The proposed methodology 

gives an opputunity to migrate the raw data into structure 

format which will enable manageability, integrity, 

consistency, security, and traceability of product data in the 

whole lifecycle of the product. It helps in sharing and 

comparing the similar product data dynamically in the 

product evolution chain. The mapping process of product data 

between CAD, PLM and ERP systems is a feasible approach 

that gives seamless flow of information between them. This 

can be achieved with the modular product structure 

methodology. Future work of this project is the development 

of an application with the concept of the proposed tool for the 

migration of legacy data to the modular product structure. 
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