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BENEFITS PART II 
Results 

CHAP I. Introduction 

1 INTRODUCTION 

The increasing needs of a global market and technology evolution have pushed companies to develop 

competitive advantages based on adequate and intensive use of Information and Communication 

Technology (ICT). However, Small to Medium sized Enterprises (SMEs) often do not realize the 

importance of ICT adoption (especially Product Lifecycle Management (PLM)), which is vital for 

product development, but is not always well equipped to adopt and integrate into business activities. 

2 OEM/SUPPLIER RELATIONSHIP 

Due to competition and globalisation, enterprises are supposed to work in networks and improve 

their performance through implementing optimal structure of information and communication 

technologies. In this way, despite the intent of SMEs to use these technologies, problems in structure 

prohibit them in exchanging information in a good manner. Benefiting from a suitable modeling 

framework in the context of PLM will help them to reach this aim. In fact, PLM systems are supposed 

to develop, manage and integrate information from the first conceptualisation to disposal points. PLM 

systems are a solution to structure and share product information. Original Equipment 

Manufacturers (OEMs) and service providers need to implement PLM systems to integrate their 

information systems and process through it. PLM has already been implemented in large companies, 

especially those which operate in the aerospace and automotive industries, but the cost, complexity 

and management of developing tools which combine PLM and CAD for SMEs seems to be difficult. 
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Figure 1.   Content of the project 

Today, design projects depend on the ability of an organisation to coordinate and control the 

collaboration between the numerous actors participating in such projects [1]. Following [2], we 

discuss four major relationship types:  

1 The Vertical Cooperation: this type of cooperation involves companies having or may have 

an OEM/supplier direct contract (transaction); 

2 The Horizontal Cooperation: this type of cooperation brings together competitors whom 

are engaged in a joint project. 

3 The Diagonal Cooperation: this type of cooperation is between companies that have no 

direct transactions or competitive relationships and whose products are complementary. 

4 “Inter-sectorial” Cooperation: this type of cooperation is between companies from different 

sectors which fully met the time of a project (we will not detail this type as it is not relevant to 

our study). 

SME and OEM collaboration takes place at different levels described through a typology of different 

relationship patterns. According to the OEM-Supplier relationship, we will detail the vertical 

cooperation mode. 

2.1 Vertical Cooperation 

Many OEM supplier networks in the automobile sector were developed in the 80’s. These networks 

are characterized by "vertical cooperation". Vertical cooperation often begins with a relationship 

whereby an OEM requests a supplier to carry out the product production according to its precise 

specifications. The OEM keeps the industrial property of its product, liability and the product brand. 

We will see that such cooperation can evolve to the level of co-development between OEM and 

suppliers. 
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In the automotive sector, the vertical partnership has resulted in the integration of equipment 

suppliers in a simultaneous development process of cars, in the planning / design and realization 

stages. 

Also, from an aerospace perspective, three kinds of vertical relationships (OEM/supplier) were 

developed [3]: 

 Classical relationship with OEM dominance (Boeing)  

 Cooperative model (Airbus)  

 OEM’s role is limited to the integration of purchased parts (OEM "architect": Bombardier). 

In vertical cooperation, there is a specific typology which represents the OEM/Suppliers relationship. 

It is based on two dimensions of supplier integration in the collaborative design: the “degree of 

autonomy” of the supplier in the development of its component or subsystem and the “risk” 

attached to this integration towards the final project [4]. The authors identified five levels of 

autonomy. These levels start from the lowest, level 0 and level 1, where the supplier is a contractor; 

they are responsible for product manufacture and its industrialization. Their work is based on 

detailed technical specifications, (level 0: product, level 1: product and process specification). 

In levels 2 and 3, the supplier involved in the design through the plans and drawings from the OEM 

functional specifications (cost indications / expected performance, interface definition ...). These two 

levels are almost similar, the difference between them is that in level 2, the OEM keeps their 

intellectual property rights on products developed and at level 3, the supplier keeps the intellectual 

property of their developments, but provides the financial costs. 

In level 4, the supplier is responsible for the design until the production of each component and this 

is on the basis of the functional specification. 

The first analysis work is presented in the (0). We group levels of cooperation and identified input 

data of each level and activities of suppliers, as can be seen in Table 1. 

Input data Activity/Supplier Level 

Users Requirements 
Participate to elaborate requirements, ..., 

manufacturing 

5 

Functional 

Requirements 

Function 

Component 
Design, industrialization and manufacturing 4 

Specification 
Participate to the 

conception 

Patent registration (2a) 3 

Give up the IP (2b) 2 

Product Technical Specification 
Industrialization and manufacturing 1 

Manufacturing 0 

Table 1. Vertical cooperation levels [5] 

The choice of vertical cooperation depends on the strategic positioning of all actors (OEM / Supplier) 

via the typology presented. 

In the regional project “Filière Outillage”, the authors identified three types of relationships based 

essentially on trust aspect.  
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2.1.1 Free Mode 

This mode is an open relationship between the OEM and its suppliers. An open relationship is a 

relationship without commitments or restrictions. It is a mode in which there is no supervisor, 

where each SME makes their own decisions according to a set of criteria and goals of its own 

strategy. There's not really any supplier organisation, but SMEs are organised as isolated bricks. In 

this organisation, the OEM is responsible for organising and coordinating its suppliers. 

2.1.2 Reversible Mode  

In this mode, the industry concept takes shape through the union of two or more SMEs (SMEs are 

complementary and not competing). 

It is a mode in which there is an entity that is not a supervisor, but which has a global vision of the 

industry (supplier's organisation) to help SMEs to take their decisions in a more coherent and 

responsible manner, according to the objectives of the organisation (industry). This mode can be 

distinguished by the addition of an interlocutor that we call "coordinator". The coordinator will 

ensure successful linkage between industry and the OEM. 

In this mode, the goal is to cover the entire life cycle of the enabling product from design to disposal. 

The industry has full responsibility from design to production, based on a functional specification 

(Part plane). In this mode, the industry must ensure coordination of suppliers of lower rank; this 

organisation allows SMEs to combine their skills and respond jointly to the OEM. It also allows: 

 Production of a comprehensive and more complete enabling product (Tool + Instructions + 

Training + control); 

 Combined production of new tools and technological innovations through the collaboration of 

different SME businesses; 

 The pooling of resources (business functions, sharing of employees, etc.); 

 Group Purchasing 

 Collaboration to penetrate new markets and explore new OEM businesses; 

 Creation of an Industrial identity; and 

 Irreversible Mode (relationship).  

2.1.3 Irreversible Mode 

In this mode, Industry covers a larger part of the enabling product life cycle (the case of our study is 

assembly tools) and especially during the upstream phases. The supplier develops skills early in the 

lifecycle, allowing it to intervene and have an impact on the end product (design, for example). 

Joint development involves the sharing of knowledge, regarding the system developed and the 

experiences throughout the project represent a base of experience that will be capitalized and 

exploited in future projects. 

The advantage of industry is that the partners know each other, so reputation will become more 

important in relationships. Also, partners will grow into a stable relationship [6]. However, 

collaboration in a research project is uncertain, with low stakes in direct markets. Instead, it aims to 

evolve the concept of learning, more than income. Based on skills, we identify competencies related 

to project development. The choice of project partner is based on the following criteria: 
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 Their membership in the industry; 

 Its ability to evolve in terms of skills (learning); 

 Their proposal force in the phase of the cycle where they were a master; and 

 Their proposal force for solutions that are industrially sound and meet the need (functionality, 

cost, quality and time) of the proposed project. 

 

3 DEVELOPED MODEL FOR SMES COLLABORATION 

The introduction of new technologies is a complex process that involves challenging the existing 

organisation, not only in terms of their information flow, but also their human resource management 

and OEM/Suppliers relationship level.  

In order to model role-based views and finding, interoperability between the various information and 

communication technology tools, we investigated existing articles regarding collaborative design 

processes which had a particular focus on SMEs. By means of research, we gathered all related 

information which allowed us to depict a Business Process Model and Notation (BPMN) model for 

representing all tasks that must be completed for the collaborative process planning between 

extended enterprises, such as OEMs and SMEs. In addition, we chose two information models (NIST 

and PPRO) to show the effectiveness of these models for implementing design processes, especially 

in SMEs. This comparison has been shown in (Table 2). 

Design coordination, in the context of structure of the project, is related to identify the local 

objective, assessment of resources, scheduling of the tasks and criteria. In SMEs, efficient 

collaborative product design is necessary for extended enterprises willing to develop complex 

products during a short time to market. Mahmood-Jouini and Calvi [7] presented a method to define 

and evaluate a co-design platform regarding SMEs involvement in the mechanical product field. 

System architecture is defined by applying proper metrics based on collaborative process 

characteristics to assess functionality performance of the available tools. 
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Table 2. Comparison of collaborative design process 

Typically, design coordination is narrated at macro-level, but unfortunately it does not correspond to 

the complexity of the current process. Alcouffe [8] proposed a business approach for improving 

design coordination in SMEs through PLM system. 

Process planning is an important step to convert a design concept to a manufactured product. 

Nowadays, digital manufacturing systems are an important component of PLM and are one of the 

available solutions for managing integration Knowledge Information Data (KID) relating to a process. 

Messaadia et al. [5] proposed an ontology which formed the basis for developing decision support 

and knowledge management capabilities to increase the Computer Aided Process Planning (CAPP) 

process. 

Process planning activities have a critical role in manufacturing environments and collaboration 

between different companies to develop the product is necessary. Le Duigou et al. [9] proposed a 

work flow model for processes regarding collaborative planning with help of CAD, CAM tools & 

PLM concepts. The target audience was OEMs and suppliers which interact with each other in 

different activities, different steps and using different information flows.  

In the context of information modelling, the PPRO model is a framework which enables a manager to 

process technical data throughout the lifecycle management process applied in SMEs. This model 

includes four main packages of product, activity (process), resource and organisation and presents a 

configurable model covering all stages of the product life cycle management from Beginning of Life 

(BOL), Middle of Life (MOL) and End of Life (EOL). According to the object-oriented programming 

language, each attribute can be integrated at different levels of the life cycle in each section. In this 

research, PLM needs have been investigated in a company with regards to design and produces 

families.  

The results demonstrate that their proposed models satisfy the needs in terms of PLM in this 

company. This approach deals with supporting several functionalities to develop and encounter the 
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needs regarding PLM systems, such as knowledge capitalization, reference management, archive 

management, quotation, reuse and the extension of fundamental knowledge for developing and 

industrializing the product in SMEs. 

Since this model is dedicated to support requirements, problems and also benefits of the PLM-based 

solution for SMEs and OEMs, we chose it to make comparison [9].  

The NIST reference model is a single product interoperability framework which is able to assess, 

store, serve and reuse all product information throughout a product’s lifecycle and is proposed by 

the National Institute of standards and Technology. The advantage of this framework is being able to 

include most of the product information regarding the PLM system and its subordinate and to 

support interoperability among CAD, CAE, CAM and other interrelated systems. It provides a 

general repository of product information along its life cycle. This model is divided into four abstract 

models with general semantics: the Core Product Model (CPM), which provides a base-level product 

model; the Open Assembly Model (OAM) which is a standard representation for assembly and 

system-level tolerance information; the Design-Analysis Integration Model (DAIM) provides the 

technical basis for tighter design-analysis integration and the Product Family Evolution Model (PFEM) 

which relates to the evolution of the product families [10]. 

3.1 Proposed BPMN workflow for conceptual design collaboration 

between SMEs and OEM 

SMEs are mainly consisting of management groups who are owners of the company too. They usually 

have different activities with regard to the product development stages from technical feasibility to 

manufacture and they work with other companies to develop new products or processes. In 

addition, to overcome particular needs faster, they need to adopt their design methods customized 

to specific product requirements [11]. 

In this project, we propose a BPMN workflow model (Fig. 3) used for representing all tasks that must 

be carried out for the collaborative process planning between extended enterprises (OEM) and 

suppliers (SMEs) by means of existing related articles [12, 13, 14]. It is necessary to determine the 

different stages of lifecycle of process planning documents, which has been shown in the top ribbon 

of the BPMN model; this ribbon will help to track the document’s history during the process planning 

activities. For this particular research, the stages established are: Design, Manufacturing Proposal, 

Quotation, Planning and Manufacturing.  

In the OEM part, the design team produces conceptual and detailed designs after definition of 

marketing specification by the customer marketing director. The definition of the customer needs 

design will start with the meeting of the marketing project manager and the customer; this person is 

responsible for evaluating the needs of the customer so he/she can reject directly the customer 

request, if the customer needs are not appropriated for the company (not formalized according to 

marketing specification). During this process, if this meeting is enough to send the design detail to the 

designer, brief validation takes place; otherwise the designer must meet the customer alone or with 

the marketing representative to complete the Customer Need Design (CND). At each task, the 

marketing representative or designer has the possibility to end the process when characterize the 

Customer Need Design document be clear. After the validation brief, analysis of drawings will be 

completed and the CND document must produce conceptual implementing design and include 

engineering data, such as product geometry, product dimensions, tolerances, surface finish, additional 

manufacturing, processes, quality control requirements, media type, CAD type and packing 

instructions. The Engineering Data Document will then be sent firstly to the director of Research and 

Development (R&D) to implement the conceptual solution and secondly to the model maker for 

pre-test prototyping and validation of the designation to project management.  
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After the creation of a 3D model of the product, the model should be available in a shared data vault 

classified in a product family with a standard format. At this level, the project manager will ask the 

purchasing department team, including industrial engineering, expert purchasing and R&D director in 

design department to review the manufacturability of the design and use the 3D model to create a 

manufacturing requirements file as feasibility reports; this report must include implicit KID, 

(customer prioritization, contribution to reputation, previous experience with customer, customer 

flexibility, perceived risk, previous similar tasks, perceived future prospects) evaluating expert 

purchasing, variable commercial data (variable work costs, facility fixed costs, required profit margin, 

facility responsiveness, current backlog) evaluating industrial engineering and process plan at the 

meta-planning level (selection of technological processes, type of machines) by R&D in design 

department. Once the manufacturing process and feasibility report has been validated by the project 

manager, it will be made available in a text document as a process planning file to suppliers, who will 

produce a manufacturing quotation. In order to produce a concise quotation, including costs and 

delivery time estimations, the technical department staff supplier must develop a macro plan and also 

a rough micro plan, containing set-ups, operations, sequence of operations, and tools to be used. 

Once the project manager of the SME has approved the quotation of the supplier, they will start to 

arrange pre-process planning, including explicit facility KID (Process documentation, Resource 

templates, Process templates, available process standards, and CAD/CAM/CAPP tools).  

Following this, demand for start executive will be sent from the project manager to the technical 

department in the supplier organisation to undertake the final micro-plan (including tool paths) and it 

must be developed in a collaborative way with shop floor personnel.  

This final macro-plan will include a technological specification file and will be sent to the model maker 

in manufacturing to construct the physical prototype. It should then continue to the department of 

quality control; the supplier will then complete experimental testing.  

If prototype validation is confirmed, the technical department in the supplier company will prepare 

the Bill of Materials (BOM) definition. This BOM will be sent to the production director for 

determining production planning and secondly the industrial engineer for manufacturing scheduling. 

Finally, the production plan will be sent to the technical department to generate a CNN code, which 

will then be sent to the shop floor for manufacturing. At this point, the collaborative process planning 

for design will complete and all related files in supplier proprietary formats, will be saved in the 

repository’s private area so that it can be retrieved in future, for further process plans, in case of 

similar parts. 
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Figure 2.   Proposed BPMN workflow for collaborative design process for extended enterprises 
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3.2 Proposed Maturity Model  

Nowadays, enterprises seek new collaborative business methods to solve business challenges. They 

wish these solutions be able to change the global marketing of their product range by leveraging the 

power of product collaboration across different parts of value chains, such as partners, employees, 

suppliers, and customers. In addition, these methods must provide faster product development and 

more efficiency in managing of their programs. Also, this collaborative program, which involves 

product and supply chain processes, should be able to reduces development costs, increase product 

innovation, make the time of marketing faster and have a significant result on revenue. It is expected 

that the methods of PLM collaborative programs impact on technical advantages to provide more 

effective partnership for PLM users, remove the barriers to innovation and increase customer 

satisfaction [15]. 

In order to reduce the expenditure of collaborative programs, OEMs in the automotive industry 

prefer direct connection to suppliers with limited number of capable and effective suppliers that are 

called system suppliers. In this system, there is no direct link between other suppliers which are 

called sub–suppliers. Instead, the system supplier works closer to the OEM, but on another hand, 

deals with the sub-supplier and manages their tasks and coordination [16]. 

Many OEMs and supplier networks in the automotive industry were developed in the 1980’s and are 

characterised by "vertical cooperation". This cooperation often starts with a request of OEM to 

supplier for producing a product according to its precise specifications. The OEM will keep the 

industrial properties of their products, responsibility and the product band. In addition, this 

relationship can be evolved to the level of co-development between OEM and suppliers. 

In the automotive industry, vertical partnerships have a significant effect in different aspects of a 

business, such as the integration of equipment suppliers in a simultaneous development process of 

cars, planning, design and implementing. Moreover, in the aerospace industry, we face three kinds of 

vertical partnerships (OEM/supplier), including the classic relationship with OEM dominance (e.g. 

Boeing), Cooperative model (e.g. Airbus) and finally those ones which the OEM’s role is limited to 

the level of integration in purchased part [17].   

The implementing of such collaboration requires effective organisation and communication between 

enterprises through integration and interoperability at different levels. In this research, to keep up 

with these recognised tasks, a PLM collaboration framework is established, enabling suppliers to 

assess their level of collaboration to OEM and the steps to improve this partnership. 

3.2.1 Levels of collaboration in PLM 

In order for a business to be successful and occur minimal issues related to PLM, such as processes 

or information, it seems to be necessary that the actual situation of every unit of business, regional 

unit or product area be recognised and understood well. The PLM maturity model, proposed in this 

research, is a suitable tool for this evaluation and analysis [5]. 

The existing PLM maturity model refers to the generic maturity model CMM by means of COBIT 

standard [18]. This matrix with five rough levels describes how a company and its management team 

are able to use and extend a corporate-wide PLM concept and related processes and information 

systems. These stages represent organisational growth, learning and development and allow for the 

analysis of the maturity of enterprises during this cooperation [18]. From the concept of 

collaboration in PLM, the benefits of PLM systems in network of SMEs are rare, but it is an attractive 

subject for researchers [10, 12, 13, 14, 19, 20]. Among them, one study has investigated the adoption 

of PLM system in SMEs network by means of 11 case studies. This research related problems and 
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tried to accomplish a crucial task in PLM to evaluate the achieved benefits. In order to do this, they 

defined a methodology to assess PLM advantages according to a defined industrial target by means of 

some quantitative indicators, such as time and cost. These SMEs are classified into three groups. The 

first stages related to those that are not used to advanced communication and management 

technology and Communication took place by traditional ways. At the second stage, a commercial 

PDM system was conducted and data sharing improved in a standard way and, finally, in stage three, 

the network of suppliers dealt with the evolution of exiting PDM tools toward a PLM approach 

which led to a good trade-off between some commercial collaborative product definition 

management tools and the most advanced computer supported cooperative work applications [11]. 

 

Figure 3.   Levels of SMEs collaboration through PLM 

Intense pricing and limited time forces OEMs to work with their suppliers which provides faster and 

more accurate responses. A PLM system called Nanjing-Fiat Solution Kit (NSK) was established to 

make the collaboration between an OEM called Nanjing-Fiat and their suppliers and allowed for the 

exchanging of files and key information about vehicles faster and more efficiently. 

In this PLM system, a web-based tool could be used by both OEM and suppliers for the operations 

such as uploading, browsing, exchanging and downloading data relating to product requirements for 

specific vehicle systems. NSK PLM system presents three different levels of stagey technique and 

operation level. 

At the strategy level, PLM focuses on supplier integration. At the technical level, the tools to enable 

supplier integration have been selected and, finally, at operation level, the PLM system is 

implemented [21].  

In this study, according to the investigation, different PLM systems and existing maturity models are 

presented and a PLM framework, based on the maturity models of PLM and four axes: strategic, 

organization, process and tools. 

According to the aims of the BENEFITS project to understand the challenges relating to knowledge 

management and sharing cooperation of suppliers and OEMs, an industrial investigation was 

conducted during six months in the UK. The result obtained from previous questionnaires persuaded 

us to investigate the different levels of collaboration between OEM and SMEs from the beginning 

steps to the optimal level. This framework can help SME suppliers assess their positions in this 

cooperation and provide them with a perspective for optimal cooperation. In addition, we propose a 

SME with  
collaboration 
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structure of proper questionnaire that prepares the supplier’s manager to benchmark the situation 

level of collaboration and be able to answer some key questions such as: 

 What are the activities of each level of co-PLM? 

 What is the actual level of collaboration? 

 What are the requirements elements to improve the level of collaboration? 

3.2.2 Maturity of SME in terms of PLM system 

In this section, we present a structured questionnaire to provide supplier managers’ with an 

assessment mechanism to measure their place of collaboration in a better way. We have also 

proposed a framework of maturity level of collaboration between OEM and suppliers based on the 4 

axes and in different PLM components – Table (3-12). These frameworks will be used for the 

validation of our proposed BPMN through the questionnaire. For this questionnaire we need to 

choose the right person for having the best answer. That’s why we adopted different levels in our 

approach. These levels will be: 

 Strategic level: will address Top level management. 

 Organisation level: will address managers and departments responsible.  

 Process level: will address managers, engineers and team heads etc. 

 Tools level: will address all technical staff. 
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Table 3. PLM framework and assessment for the determination of level of collaboration of OEM and supplier 

correspond to product data management 
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Table 4. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM and 

Supplier Corresponding to Information System & Sharing of Data 
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Table 5. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM and 

Supplier corresponding to the Deployment of ICT tools 
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Table 6. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM and 

Supplier corresponding to Product Development 
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Table 7. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM and 

Supplier corresponding to Collaboration with OEM 
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Table 8. PLM Framework and Assessment for Determination of Level of Collaboration of OEM and Supplier 

corresponding to PLM Program 
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Table 9. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM and 

Supplier corresponding to Metrics for Measuring Efficiency 

 

 

Table 10. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM 

and Supplier corresponding to the structure of SME 
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Table 11. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM 

and Supplier corresponding to Training of Employment 

 

 

Table 12. PLM Framework and Assessment for the Determination of Level of Collaboration of OEM 

and Supplier corresponding to Training of employment 
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CHAP II. ADOPTION MODEL 

4 DEVELOPED ADOPTION MODEL  

ICT is one means, at the disposal of a company, to increase its productivity. Large companies have 

already realized it a long time ago, but SMEs have only recently discovered the opportunities offered 

by ICT and they still have some difficulties in understanding the potential of these technologies [18]. 

Effectively, if you go back 10 years, ICT solutions, PLM, accounted for very high costs, long and costly 

internal resources deployments. This is one of the reasons that many SMEs are struggling to adopt 

these technologies. 

Recently, several researchers were interested in ICT adoption of organisations; Bergsjö [22] used 

statistical tools to improve the adoption process of PLM tools and systems. The work focused on the 

introduction of PLM strategies and its effect on the organisation. Fabiani et al. [23] investigated the 

adoption process of ICT in the Italian manufacturing sector; the survey was conducted with 1500 

firms with more than 50 employees. This work indicated that size, the human capital of the 

workforce and the presence of large firms in the local environment has an impact on ICT adoption. 

Another investigation based on an empirical analysis was conducted by [24]; the authors highlighted 

the importance of a firm’s managers and quality assurance system in the adoption of ICT. In terms of 

strategy, Mehrtens [25] proposed a model of adoption based on 3 relevant issues: Perceived benefits, 

organisational readiness and external pressures, used to test IT adoption.  

4.1 SMEs need for « ICT » tools 

Enterprises, especially SMEs are not ready to make investment unless the benefits are clearly seen. 

The benefit of PLM adoption fit into this framework and is often not well evaluated by SMEs and not 

easily transferred to monetary benefits [26, 27]. Moreover, in recent years, companies have had to 

review their work following a number of evolutions: 

 Contracts for outsourcing have increased; 

 Automation in industry has grown significantly; 

 Customers have more opportunity to influence the product; and 

 Product portfolios have expanded. 

PLM was initially adopted by large companies in the fields of automotive and aerospace. However, 

PLM offerings are changing and more and more solutions are customised to meet the needs of SMEs. 

For example, PTC PLM1 On Demand Standard (service provided and hosted on a server offline by 

IBM2) is a solution for SMEs, designed to prevent disadvantages according to initial investment, ICT 

resources and their slow deployment [28]. 

For more comprehension and according to certain specifications, we can distinguish SMEs from large 

companies and to better understand the concept of SMEs. For Julien [29], SMEs present five main 

features: 

                                                
1 http://fr.ptc.com/ 
2 http://www-01.ibm.com/software/plm/ 
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 Small size, characterized by lower hierarchical distance, promoting direct contacts and working 

relationships rather informal. SMEs differ from large enterprises characterized by anonymous 

relations, strongly hierarchical and formalized; 

 Centralization/customisation, management around the owner (Leader); 

 Low specialization, both in the direction or resources (employees and equipment); 

 An intuitive and little formalized strategy; and 

 Less complex and poorly organised internal and external information systems, cede place for 

dialogue and direct contact, while large companies are forced to establish a formal mechanism 

for all transfer of information. 

PLM systems control critical product information that must be shared with other enterprise systems, 

such as ERP, CRM and SCM. Likewise, PLM systems need to leverage information that is managed in 

other enterprise systems. This bi-directional connection between PLM and other systems is critical 

for enabling a seamless flow of information among the different functional groups involved in product 

development, particularly engineering and manufacturing. Early supplier integration in the life cycle 

can foster innovation [5]. The biggest benefits of implementing PLM can be realized through faster 

product development time and a faster time to market [18, 30]. PLM system adoption allows for the 

improvement of organisational learning and knowledge accumulation [31]. According to Silventoinen 

[18], Stark [26], Lee et al. [32] and Liu et al. [33], the general benefits of PLM are identified as: 

 Effective management and use of corporate intellectual capital; 

 Effective communication among different groups at dispersed locations; 

 Improved access to customer requirements; 

 Increased (more innovative ideas) speed of innovation; 

 Improved sales process and quicker delivery; 

 Improved utilization of distributed development; 

 Better possibilities for make-buy decisions; 

 Improved user support; 

 Less product defects, minimized manufacturing costs and higher quality; 

 Reduced project failure rates; 

 Improved utilization of accumulated knowledge for service and maintenance; 

 More effective re-use of product parts and disposal of products; 

 Mass customization; and 

 More environmentally aware. 

The organisation of outsourcing (according to vertical cooperation) is seen as a pyramidal structure, 

where the top of the pyramid is occupied by the OEM and the bottom by suppliers [34]. At the 

highest level, suppliers of the first rank are enterprises that have a special relationship with the OEM. 

It is possible in this kind of relationship that OEMs which adopt new technologies require its 

suppliers in order to facilitate coordination and exchange (as it happens often in the automotive 

sector and aeronautics), thereby facilitating the adoption of a new technology, as standard [34]. In 

the case of suppliers in the first rank, we can expect a positive relationship between suppliers and the 
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adoption of new technology. When dealing with a sub-contractor (suppliers of low rank) at the very 

bottom of the pyramid and whose contribution to the value chain is marginal, we can expect a 

negative relationship between suppliers and the adoption of new technology. 

4.2 Proposed model of PLM adoption by SMEs 

In the early 2000s, with the emergence of the extended enterprise and integration of suppliers and 

partners in the product lifecycle, PDM changed [35]. New concepts emerged, such as PLM. With the 

adoption of PLM, enterprises can gain many benefits. 

The introduction of PLM in an organisation can help to challenge existing processes. The importance 

of the organisational dimension is reinforced by the fact that PLM is based on the cooperation of 

various businesses and their units and collaboration that takes place at different levels (Informal 

collaboration, project/process collaboration and extended collaboration). Therefore, in order to 

introduce PLM to an organisation, it has an intrusive aspect that may affect the existing organisation 

[36]. 

 

Figure 4.   Impact of PLM deployment on SME’s organisation 

Many researchers have studied the impact of adoption of ICT on business performance [37, 38, 39]. 

This research demonstrated that there was indeed a close relationship between ICT use and 

productivity gains or any other measure of performance of an enterprise. However, although the 

ICT-productivity link is proven, SMEs do not feel the need to adopt PLM. Based on our analysis of 

PLM axes and research analysed during literature review, we will explore the ICT adoption Figure 5.   
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Figure 5.   PLM Adoption: Synthesis 

Figure 5.  shows the main element for adopting ICT (especially PLM) technology according to the 

forth axis: Strategy, Organization, Process and Tools. These elements are presented according to 

SMEs. For example, we can see the negative aspect of “Informal communication mode” in the 

process axis. This is related to SME practices, because in most cases, SMEs have an informal 

communication mode (according to their small size) and this kind of communication impacts on PLM 

adoption. 

According to Hollenstein [40], the skills and competencies held by an enterprise are an essential 

element of its absorption capacity. Knowing that “Absorptive capacity” was defined by Cohen [41] as 

the ability of a company to evaluate new external information, assimilate it and use it for commercial 

purposes. 

4.2.1 Strategy 

SMEs with greater financial capacity will be more likely to adopt ICTs technologies. They can more 

easily recruit qualified staff, which will facilitate the assimilation and diffusion of new technologies 

within the company [42]. Enterprises which have a large R&D budget and implement a strategy of 

acquisitions and fusion increase their absorptive capacity, which promotes the adoption of new 

technologies [43]. These enterprises are more likely to reduce the risk associated with the adoption 

of a new ICT [41]. Enterprises that have a capacity of self-financing will easier adopt new technology 

[44]. 

The role of leaders is crucial in the development of a strategy for the use of information technology. 

The introduction of ICT depends on the knowledge that is held by managers and their ability to 

understand the potential of these technologies [45]. The introduction of ICT requires the 

development of new forms of organisation and only leaders can effectively carry out these 

organisational changes over time [46]. 
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Enterprises that operate in highly competitive markets are likely to adopt an innovation that may be 

necessary to maintain their market position and can enable the maintenance of “barriers to entry” 

[47]. 

4.2.2 Organization 

Several empirical studies have shown that the size of a company has a positive impact on the 

adoption of ICTs technologies [42, 48]. In [49], the authors argue that the size of an SME is positively 

correlated with the rapid adoption and intensive use of ICT; they suggest an optimum size (from 50 

to 200 employees). SMEs have an advantage, according to large companies, considering the small 

number of services and people involved, the implementation of PLM will not face to hard resistance 

to change [49]. On the other hand, SMEs with younger employees are able to have less resistance to 

changes [34]. Also, the age of an SME can have a negative influence on PLM adoption. The presence 

of skills and accumulated knowledge within the enterprise is important for the adoption of 

information technology [48]. 

Enterprises which export goods are more likely to adopt new technologies to improve their internal 

organisation and their production processes in order to remain competitive in international markets 

[40]. 

4.2.3 Process 

New technology adoption, such as PLM, requires a standardization of procedures and information, 

which penalizes SMEs for which the exchange, either internally or externally, stood mostly informally 

[34]. 

Companies are forced to redesign their products more frequently to meet the rapidly changing 

demands. R&D department are responsible, not only to the development of new products, but also 

to change the ICT that support the production process to make it more effective and to develop 

effective and user-friendly applications to operate the assembly. The presence of an R&D department 

facilitates the adoption of new technologies [42] which can be seen as an existing R&D process and 

an ability to develop new products. 

4.2.4 Tools 

The adoption of a new ICT depends on a business’s characteristics, but also on the context, 

especially technology already present in the company. They determine the compatibility of the new 

technology, but also the level of technological experience acquired through the use of older versions. 

In [50], the author explains that adoption of new technology depends on its advantage, compatibility 

and complexity with the company. The introduction of CAD/CAM, for example, requires suitably 

qualified employees to use it effectively [42]. Knowing that PLM integrates such tools, an enterprise 

may adopt a new technology only because other enterprises, having relationships with it, have 

already adopted them [51].  

5 DEVELOPMENT OF ICT TOOLS FOR MANAGING 

MAINTENANCE PROCESS 

5.1 Proposed knowledge based maintenance process making system 

Machine maintenance servicing involves three main stakeholders: OEMs, the manufacturing industry 

and service suppliers. In the real world, the responsibility of OEMs is to provide products to 

manufacturing systems and spare parts to the product service suppliers. Service suppliers then 

provide maintenance servicing to manufacturing systems to keep machines’ operating; from another 

side, if the machines provided by manufacturing systems reach their disposal phase, the components 

that can be remanufactured will be recycled by the OEMs. Through interacting with the system, 
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OEMs provide product information and obtain the feedback of design improvement knowledge; 

manufacturing systems, where sensors are allocated on the machines to inspect machine 

performance states, could input maintenance requirements and make best of daily maintenance; while 

the service suppliers can retrieve, view and update knowledge of maintenance instructions. Fig.6 

shows the proposed maintenance process making framework. 

 
Figure 6.   Proposed Maintenance Process making Framework 

In order to produce the maintenance service instructions, several concepts have been proposed, 

such as “maintenance feature” and “maintenance process template”. Maintenance features are taken 

as the unique characteristics of the maintenance task, so that to identify maintenance requirements 

and retrieve knowledge already stored and reused. Maintenance service knowledge can be retrieved 

for future reuses, which include maintenance features, reasons and maintenance solutions; while the 

maintenance process template provides detailed solutions against maintenance requirements; it is a 

set of formalised knowledge including resource (material, tools, parts, etc.) allocation and 

maintenance steps for the disassembly and assembly of the products and information on the people 

who will conduct the maintenance work. 

The process of how to make the maintenance process can be described as: once maintenance task or 

maintenance requirements are obtained, it will be extracted and the maintenance feature used to 

identify the maintenance characteristics, according to the maintenance feature and existing 

maintenance template, the maintenance process can be generated for the execution of maintenance 

work, at last evaluation and validation of the maintenance work will be feedback to previous stages. 

Knowledge that can be used for maintenance process making is included in the knowledge base: the 

maintenance feature is generated from the inspected data, monitored signals and previous 

maintenance experiences; product knowledge can be generated from the design CAD data, 3D 

model or assembly information; maintenance resource includes spare parts and tooling, time, 

materials. Thus, the process and relationship between the procedures and knowledge base of how to 

make the maintenance process instructions can be seen in Fig. 7. 
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Figure 7.   The Interaction between Maintenance Process Making and Maintenance Knowledge Bases 

5.2 The Maintenance Management Process 

According to Söderholm et al. [52], a typical maintenance process management system includes four 

basic stages: Performance Examination, Maintenance Planning, Maintenance Execution and Feedback, 

thus the machine tool maintenance management process can be drawn in the flow  chart (Fig. 8). 

1. Through monitoring the machine components by sensors, this could get signals which reflect the 

current machine status directly; besides, the quality of manufactured parts can reflect the 

machining quality and the machine operation status indirectly, thus the manufactured parts will be 

inspected. Some companies said the quality of parts degrade even if no manufacturing parameters 

have ever been changed which includes the machining process, cutting parameters, and even the 

suppliers of raw materials; so this reflects the importance of both monitoring machine 

components and inspect machined parts at the same time to control machining quality. 

2. The second step is to analysis of the machine condition regarding to the monitored signals and 

inspected results. These two sets of data will be compared with the previous diagnosed results: 

machine components, status and failure mode so that the current machine status can be 

diagnosed, and the machine tool product model from OEM is required to support the diagnosis 

process, then the reason that causes this problem and the action to it can be obtained based on 

the fault/failure mode through diagnosis. 

3. Then by retrieving previous maintenance knowledge and maintenance specifications from OEM in 

terms of failure mode and service solutions, maintenance plan including maintenance strategy, 

schedules and work instructions can be made accordingly. The previous maintenance knowledge 

will record what failure occurred on when, root cause information, who did it, what tool they 

used, etc., while the OEM specifications recorded the normal maintenance solutions, both of 

which will help the maintenance planning.  Thus the output of maintenance plan stage will be the 

maintenance plans – a recommended scheme which includes maintenance, repair and service 

strategy, process and operations, tools to be used, parts to be changed (if needed), and 

parameters etc., for engineers to conduct further service activities. 

4. Revise the maintenance schedule considering production schedules. The pre-made maintenance 

schedule may have conflicts with existing machine tool workload, thus it is necessary to 

reschedule the maintenance plan. 

5. Assign engineers to conduct the maintenance work according to engineers availability and 

expertise. 

6. Before engineers doing the maintenance work, check the availability of tooling and consumables; 

7. Check the availability of materials and spare parts; 

8. If there is low level of materials and spare parts, then request from machine tool manufacturer, 

this stage requires the machine tool product model (OEM) as well, because the product model 
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has the unique parts code that will not lead misunderstanding of the parts order. The 

manufacturer will order parts from their in-house manufacturing department or supplier. 

9. Then maintenance execution will be conducted according to the final maintenance plan; 

10. At last, feedback should be done after the maintenance work has been finished, in order to keep 

lessons learnt, and enhance knowledge reusing and sharing. 

5.3 Enabling System Architecture 

To achieve the system function successfully, the enabling architecture for the maintenance process 

making is proposed, as is shown in the following Fig.14. The infrastructure has six layers from 

infrastructure, databases and technologies to application, human interface and users.  It is the 

infrastructure that accepts the maintenance service, which includes the manufacturing systems, CNC 

machines, cutting tools and the manufactured parts which can reflect machines operation 

performance. The monitored data from sensors on infrastructure will be stored in knowledge bases, 

together with product knowledge, service knowledge, resource knowledge, and maintenance process 

template. Knowledge bases are used for the storing, representation, and reusing of different     

In order to achieve the system for end users to make maintenance process planning, further 

technologies are needed. Firstly, the development technologies including a MySQL database, WAMP 

server, web 2.0 technologies, PHP programming languages, TCP/IP (Transmission Control 

Protocol/Internet Protocol). ICT tools are the supporting techniques for the system development; 

the system function modules, such as maintenance feature management, product knowledge 

management, service strategy making, service process planning and knowledge sharing can be 

achieved based on the development technologies and the supportive knowledge bases; then the next 

layer is the internet layer, which makes the human interface available for the end users to interact 

with the system. The end users include every person involved in maintenance tasks, such as 

managers, staffers, engineers, maintainers etc. 
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Figure 8.   The Machine Tool Maintenance Management Process 

 



 BENEFITS PART II 

 Page 34 

 
Figure 9.   The Enabling System Architecture 

6 INDUSTRIAL INVESTIGATION  

6.1 Investigation Method 

A case study investigation was carried out within a leading global power generator supplier based in 

the UK. The Company has four business units, which are Design Unit, Manufacture Unit, Distribution 

Unit and Service Unit. To further understand the processes adopted in relation to ICT, knowledge 

management and lessons learnt and product service processes within the company, an industrial 

investigation was conducted from October 2013 to March 2014. The investigation captured the 
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views of employees using the format of informal audio-recorded interviewes with each of them 

lasting between 60 to 90 minutes. In total, 17 employees were selected for face-to-face interviews 

covering both professional level and leadership level. The 17 employees interviewed had an average 

employment of 9 years within The Company, ranging from 2 years to 15 years by the time of 

interview. Following each interview, the audio recordings were transcribed to capture what was said 

during the interviews and shared within our research group. The questionnaire was split into six 

parts, including general information about the interviewees, communication methods/tools within the 

department or with other departments (if applicable) or with other sites (if within their role), new 

product development process, ICT tools, knowledge management methods and product service 

management. Interviews were conducted on an individual basis by a panel consisting of two PhD 

students and one post-doctoral research fellow. 

6.2 Investigation Results 

6.2.1 Product Lifecycle Management 

The Company uses 3D and 2D design tools for product development and Product Data Management 

(PDM) for storing CAD data. The PLM system is used for storing the released engineering product 

information. There are work flow processes designed to carry information from CAD to PLM 

system and a life cycle process is used for design approvals. As part of the investigation the following 

questions relating to product information were asked to the interviewees, with the aim of 

understanding how product information is stored and how it flows between different systems. 

 What PLM systems do you use? 

 Could you explain how your department manages product information and knowledge? 

 Have you encountered any problems with the management of information? 

 Does all other business units use same systems? If not how do you manage data? 

 How many systems do you use for storing product information? 

 What type of new product development methodology do you use? 

 What are the big challenges that you are facing in data integration in upstream and 

downstream systems? 

 What is the longest life of your data approximately? 

 How your data is shared between other business units? What tools you use for this 

purpose? 

 Does your data is contained in different languages since its global company? 

Interviewees concluded the following: Product information is stored in different systems by different 

departments in the process of NPD and continuous improvement processes. The company uses 3D 

and 2D CAD design tools to create and maintain product engineering information. All native CAD 

data is stored in a PDM system called pdmlink. The drawings from pdmlink are released from/to the 

PLM system. This process converts drawings to PDF format and stores them in the PLM system; 

there is limited integration between the PDM system and PLM system to transfer the PDF file and 

Engineering Bill of Material (EBOM) to the PLM system.  

The PLM system has got an embedded life cycle approval process called ‘Engineering Change Order’ 

that flows to Responsible Design Engineer, Product Line Manager, Chief Engineer, Standards team, 

engineering data management group for approval. PLM then integrates with downstream Enterprise 

Resource planning consisting of product configuration management, manufacturing, supply chain 

management, order management, customer services, after market and more. A large amount of data 

is generated during the process of NPD. Apart from design data, a lot more product information is 

generated during product theoretical validation (Final element analysis, Aero dynamic analysis, 

simulation details etc.),  configuration design (General BOM, product specifications, module 

specifications, configuration bill of material, parts classifications etc), manufacturing (manufacturing 
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planning data, tolls and equipment information, work instructions, manufacturing BOM, routing 

information, NC programs, flow charts, maintenance information, shop floor instructions, process 

plans, tools and fixtures etc.), supply chain management (supplier information, parts cost, supply 

strategy data,  purchasing information etc.), testing (test planning information, testing tools and its 

maintenance information, test reports etc.), order management (customer order details, customer 

information, pricing data etc.), inventory management (raw material and finished goods data etc.), 

logistics (goods in / out, shipping information etc.), finance (product pricing, sales, invoices, purchase 

orders, profit/loss data etc.) and miscellaneous (patent, regulations, service manuals, spare parts 

information, technical publications etc.). 

The above information is stored in different systems. Engineering standard work, test results, 

Analysis Led simulation analysis is stored in local servers, while CAD data is stored in PDMlink. 

Product release data, EBOMs and change management is stored in PLM. Manufacturing data is stored 

in a few different systems, including CAD data management, ERP and shared server spaces. Product 

testing result data is stored in access-controlled shared servers. Order management, sales, customer 

and supplier information is stored in an ERP system. Logistics data is stored in a data warehouse 

management system. It can be seen that the lifecycle of a product is stored in many systems; this is 

only one business unit and one locations data. If we imagine how much complexity will be there in 

connecting cross functional and cross sites globally. The company has a presence in more than 10 

countries worldwide, in design and manufacturing; each site produces different ranges of power 

generation products, so the data is very big and tracking this data in different systems makes more 

completed across globally 

In this section, we provide an analysis to the responses gathered about how PLM is managed in the 

organisation. The company uses multiple systems to store product information in the process of 

product development. In this study, data flow analysis was limited to 3 systems: CAD, PDM and 

PLM. The following conclude interviewee responses:  

 Product information traceability:  It is difficult or sometimes not possible to trace product 

information. One example is that CAD data is stored in a PDM system and the same 

released data is stored in a PLM system, since they are two different systems, the revisions 

of the same files may not be same. Revision control is manually maintained and it is not 

foolproof. Another example is regarding test results, theoretical analysis, where engineering 

standard work data is stored in shared drives and relating this information to a particular 

product takes lot of time and is sometimes very difficult; 

 Integration issues: Data from CAD system goes to PDM and from PDM it is stored in PLM. 

Due to compatibility issues between the two systems, data will fail to transfer from one 

system to another. One example is transferring EBOM from PDM to PLM; 

 Cross functional Data Sharing: Since the company uses different systems for the same 

functions in different business units or different locations. This makes it complicated to share 

product information within the same company due to compatible issues. One business unit 

uses E-Matrix PLM system to store both CAD and PLM data, while another unit uses 

PDMLink for CAD data management and E-Matrix for PLM functionality; 

 Common standards issues: As a global company with different locations, each business site 

uses their local standards as per requirement. For example, some sites use metric while 

some uses inches as units. When the organisation integrates these products to sell in other 

parts of world, they need to consider the customer local requirement and make necessary 

changes to release the product;  

 Change management: Engineering change management takes a lot of time in the approval 

process. Since the life cycle goes through many individuals for approval, it takes a lot of time 

to be released; this also depends on system performance; 
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 Supplier integration: Since the company’s suppliers cannot access the internal PLM system, 

data sharing is a manual process; this leads to suppliers working on incorrect versions or 

part drawings, which have subsequent revisions. The current PLM system adopted by the 

company does not have sufficient functionality to share data with supplier securely with 

traceability; 

 Legacy Data: While implementing the PDM and PLM systems, all legacy data is stored as is. 

With new systems being introduced, this data requires many changes to make it compatible 

with each system; this takes a lot of engineering workload, which leads to an increase in the 

product development cycle; and 

 Reuse of existing data: The product data is not stored in a systematic or logical manner, 

which makes it very difficult to reuse for new or similar product development projects. 

Product information is generated and maintained in many different systems in a typical manufacturing 

company and this company is no different. The main issue we found in this investigation is that 

information traceability is time consuming and change management life cycle takes too long to 

complete. Maintaining and applying common standards globally are challenging. There are numerous 

numerous hurdles to overcome to try to address the legacy data which is required prior to a PLM 

implementation. Furthermore, there is no complete solution from PLM implementation in how to 

deal with the existing legacy data.  

6.2.2 Knowledge Management 

This section answers the following questions relating to knowledge management, which were asked 

of interviewees during interview: 

1) How do employees within the Company currently identify best practice knowledge for specific 

manufacturing problems? 

2) How does the organisation currently store best practice knowledge? 

3) How Do You Currently Share Best Practice Knowledge with dispersed and co-located 

colleagues? 

4) What knowledge management tools are currently used within the Company? How frequently 

are these tools used? 

Firstly, in relation to question 1, employees explained that for every manufacturing project, a set of 

work instructions are produced detailing relevant knowledge in relation to the design, manufacture 

and assembly process for a complete product. This explicit knowledge is stored on an internal 

database, which is the first point of reference for operators working on the Assembly line. The 

database is accessible directly from the shop floor using touch screen monitors and product 

designers and change engineers can modify product documentation remotely. It was reported that 

the company promotes a “who you know” culture, whereby employees are encouraged to ask 

colleagues to share knowledge and, if that colleague does not have the required knowledge, ask if 

they can suggest someone who does. If it is not possible to find required knowledge internally, 

employees are encouraged to use external resources, such as commercial search engines. There is 

no system in place for the storage, identification and retrieval of explicit knowledge of employees. 

Currently, information is captured in word document format when users are completing work 

processes, although no further action is taken to convert it into explicit knowledge. Finally, if 

someone experiences a problem, they are encouraged to visit Team Room, an intranet accessible by 

colleagues working within the same project group, and ask questions via an instant messaging tool. 

In relation to Question 2, employees confirmed that best practice knowledge is typically stored in 

spreadsheets and then made available via the EASE touch-screen system. Knowledge is occasionally 

input into ‘Team Room’, although this is not considered a standard practice. It is recommended by 

the corporate IT department that employees store all manufacturing documentation on a shared 
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server or on the internal intranet, but this does not always happen and often information is stored 

locally on personal hard drives. During the NPD process, the company aims to capture lessons learnt 

during projects at the product closure stage. This activity informs colleagues of issues which arose 

during manufacture, testing and execution and is stored for future reference. After product delivery, 

however, there is no requirement to update this information (e.g. when a product is repaired in the 

field) and in-service experiences are not added to the lessons learnt document. It was stated that the 

company is currently seeking to adopt paperless working and a new system called EASE has recently 

been introduced, which offers a Touch-screen workstation for assembly line operatives. The system 

stores all product development project documentation, from work instructions to training manuals 

and all critical product characteristics. The company also operates a system called “QSI”, where all 

training materials are stored; this is an electronic system controlled through revision changes and 

approval processes and allows for the preparation of operator instructions when new products are 

introduced. 

In relation to Question 3, it was confirmed that the Company does not currently have a 

standardised method for sharing knowledge relating to best practices, although employees 

commented that they try to make their knowledge as easy as possible to understand; to this end, 

they aim to remove from documentation any unnecessary technical jargon for stakeholders who do 

not have a technical background. It was revealed by interviewees that they usually use e-mail as their 

preferred communication tool when sharing knowledge. An internal intranet facility, called Team 

Rooms, exists to support project work and it is the responsibility of functional team leaders to 

ensure effective communication between team members.  

Finally, in relation to Question 4, which aimed to identify specific knowledge management tools 

employed within the organisation, none were identified. For the recording of maintenance issues, a 

T-card system is employed where users note down in paper format any problems or issues being 

experienced with manufacturing and assembly equipment. Interviewees reported that the company 

relies heavily on e-mail and corporate management are trying to encourage employees to 

collaborate more pro-actively and, thereby, share greater knowledge through informal 

communication. It was confirmed that the Company provides an instant messaging system for 

informal communication and a corporate intranet is available to transmit company-wide information. 

It was pointed out that project groups are also able to create and manage their own intranet sites 

for communication purposes, although no micro-blogging functionality is available to facilitate 

business processes. 

6.2.3 Capturing Lessons Learnt 

The interviews yielded a large amount of information relating to the methods used by the company 

for capturing Lessons Learned. This section evaluates the results obtained by the investigation, 

focusing specifically on LL activities during NPD.  

“But lessons learned for me, particularly in NPD, we talk about KM, it has got to be up there. That’s the only 

way you are going to gain knowledge. And continually to improve on the launch, to the next launch, to the 

next launch, is learning lessons from the previous ones. Once the project is completed, we do have a lessons 

learned (activity), but what we are not doing, not only us, but most of the industry too, we are not tracing 

back when there is an issue with the original document. Once we close the project, we tie up all the things, 

from an Engineering point of view, we have done all the work, we have released the product, my perception is 

from a business perspective, it is a tick in the box activity.”  Six Sigma Quality Champion. 

The above statement highlights the fact that LL activities need to be incentivised so as to promote its 

use and reuse within the organisation. Currently, there is no framework in place to identify best 

practices. LL are recorded, but then are often lost in the system. Clearly, there is a need to analyse 

these experiences in an effort to create a feedback-loop in the development process. Since no 
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feedback loop has been established, many employees are unaware who or which department/unit 

may benefit from the insights and experiences captured. 

“It’s part and parcel of the sign off. So within the 180 days, so the lessons learnt page, slides, depends on 

how many lessons learnt you’ve captured, depends on how long they actually are, everyone is different. Some 

people are quite prescriptive with what they’ve learned from one another learn, others will just have bullet 

points.” Staff Manufacturing Engineer A 

This statement confirms that LL are captured at the end of each project, but that they have a fairly 

low priority. Once the company’s employees have already been assigned to new projects it is 

challenging to remember the important issues encountered on previous projects, as there is a delay 

between the occurrence of the issues and the capture of the experiences.  

Interviewer: Yes. And is there an example template which you can use to fill in? 

Respondent: No, at the end of the template, it says: lessons learnt, it’s blank. 

Interviewer: Interesting, and who is able to record the lessons learnt, can everybody who worked on the 

project contribute to the lessons learnt, or it’s just the…? 

Respondent: It’s just the belt. The guy who is leading the project obviously there would be five or six team 

members which come from a diverse background, so you get different inputs, not just looking at one part, the 

manufacturing part, or purchasing part, you’ve got other people coming in and give their feedback and their 

comments, but generally it’s the belt.” Staff Manufacturing Engineer A. 

The above is a typical example where LL have been put into place, but are almost never 

systematically applied, as confirmed by Milton [53]. It has become apparent that the LL process lacks 

rigour. The quality of reports vary between projects and are often influenced by factors, such as 

budget and the belt’s interest.  

“We have six sigma to record the lessons learnt from the different projects and put it in the document in a 

file, so for the new projects, it would be useful to see what happened in the past and get off some of them.” 

Manufacturing System Engineer B. 

It is evident that while there is a process for explicit knowledge to be captured, the current system 

used does not allow for the capture of tacit knowledge. The communication is one-way and is very 

much individualised and, therefore, it is not conducive for sharing and distribution. There is currently 

no organisational policy for how this knowledge should be shared and fed back to other 

departments.  

During the investigation, it was observed that a number of interviewees were unaware whom within 

the organisation or department was accountable for ensuring that lessons are identified and recorded 

properly. The identification of lessons learned varied from project to project. Some staff held free-

format meetings of the project team to discuss what has been learned during a project, while others 

designated an individual to write an end of project review document.  

The current PLM system used within the company does not have the level of customisation to 

capture LL during NPD. Currently, LLs are only captured at the end of the project, and is done in a 

very unstructured way. Consequently, this information is unlikely to be reused during NPD. There is 

a need to analyse these experiences in an effort to create a feedback loop to the development 

process. Since no feedback loop have been established in the company, many engineers are unaware 

who may benefit from the insights and experiences captured. Many prominent Engineering 

organisations nowadays collect lessons learned. A number of researchers [54, 55] regard LL practices 

as building blocks of learning in organization and agent of knowledge creation. They allow the capture 
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of individual and group experiences into organizational knowledge. Therefore, organisations need to 

have what Cooke-Davies [56] describes as an effective means of learning from experience on 

projects, that combines explicit knowledge with tacit knowledge in a way that encourages people to 

learn and to embed that learning into continuous improvement of project management processes 

and practices. 

6.2.4 Product Service Management 

The questions of product service management part on questionnaire and their answers from 

interviewees are described below. This is then followed by an analysis of the responses gathered. 

The questions asked during interviews relating to product service management included: 

 Does your company have outsourced service partners? (To get an idea of whether they 

encounter the knowledge sharing problem with their partners) 

 Where is the service engineers based? (To know their work mode) 

 How long is the service provided to the customers? 

 How do you get service requests from customers and give them feedback? 

 Does the product service department give feedback to the product design department? (To get 

an idea of how they communicate from the PLM point of view) 

 How do you currently manage problems experienced by customers? If there is a system that 

manages these problems, root causes and their historical solutions, how are they retrieved and 

reused? 

 Can you obtain a recommended solution from the system once you type several retrieving 

words? If yes, following the solution, does it provide procedures and steps to solve the 

problems? If not, do you think it is necessary to get the recommended solution to guide 

engineers work? 

According to the questions asked during the investigation, there were several key points obtained: 

 The Company does have a product service department; product service engineers will go out 

with diagnostic tools and plug it into their control panels and try to understand what’s gone 

wrong with a product. Once a diagnosis has been made and the engineer is able to locate the 

fault and what caused it, they would then either fix the part or replace it; 

 Service engineers are globally dispersed; they are mobile workers who travel a lot to other 

places in the world, whenever a call is received. They will go and get the product back up and 

running, either as a short fix, and then they work through a long term implementation strategy; 

 When asked whether the service is provided lifelong, interviewees stated that the product is sold 

with a warranty period, which can be extended by the customer. The Company offers 5-6 

different warranty levels for customers to choose from: a standard package and others with 

differing options, ranging from 1-6 years. If something goes wrong outside of the warranty 

period, engineers still go to repair it, but the customers would incur a charge; 

 A common platform exists between the Company and its customers, which is named Customer 

Service Management System (CSMS). The system allows customers to input their problems and 

the support engineers to share information with product engineers in collaboration. A database 

within the Company is called Issue Tracking System (ITS), which receives customer issues. Once 

input into the ITS, issues are followed up by service engineers. Once the customer request is 

received, the service manager will raise the respective documentation and then distribute the 

tasks to different engineers whom are located close to the customer experiencing the problem; 

the ITS database records all problems which can be retrieved once receiving a new customer 

request, by going through the previous activities, service engineers then go out to the sites and 

fix the problems and report back to the system once the work has been completed to close the 

process; 
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 Apart from the ITS, there is another system called Before In Service (BIS), which is used before a 

product is commissioned and if there are any problems. For example, if the product has been 

rattling during transit, a BIS is raised for the service engineers to distinguish between product 

fatigue failures and assembly issues; 

 Feedback from the product service department is shared with the product design department. 

Product support engineers physically come to talk to the product design engineers. There are 

two parts of engineering in the Company: product development and product support. The latter 

are the eyes and ears to the ground, which carry out short and long term fixes, but they always 

come back to product development to seek collaboration, because it is the product development 

department that own and control product design; and 

 Employees can retrieve lessons learnt information stored in the CSM system, but the system is 

not intelligent. Once retrieved, similar issues and their solutions are displayed for the engineers 

to reuse. However, the system does not select the best solution; this creates a manual process 

which relies heavily on the knowledge and experience of the engineer. In the power generation 

field, it doesn’t matter how detailed the description of the solution is, it is the qualification that 

matters because the person cannot do the job if he hasn’t been qualified to do the job; this 

means that the organisation is extremely reliant on the knowledge and experience of the 

engineer and the qualifications of the person doing that job. 

According to the responses to the questions, it can be established that the Company employs a 

Customer Service Management System (CSMS), which is used during service processing. Due to the 

requirement from the product support department, for product design information, a product 

service system seems necessary to be implemented in The Company. According to the definition of 

PSS, given by Goedkoop et al. [57], a PSS should not only contain product and service information, 

but also include stakeholders throughout the product lifecycle and the supporting technologies and 

information/knowledge which make the product suppliers more competitive, the customers more 

satisfied and society more sustainable. The current CSMS system stores lessons learned but they are 

not stored with a formalized method, which leads to difficulties in knowledge retrieval efficiency and 

effects, whenever knowledge is needed [58]. 

Based on the comparison between the industrial investigation and the literature review, it can be 

seen that there is a requirement for manufacturing industries to apply knowledge-based maintenance 

management systems to enhance the optimisation of maintenance operations and the efficient reuse 

of employee knowledge. 

6.3 Questionnaires according to Adoption & Maturity Models 

The questionnaire used during the French region investigation are shown in the below table. 

Row Question 

1 Can you access to the document related to product data and necessary information easily 

even in case of absence of responsible? 

2 Do you have data information model to improve management of product data in your SME? 

3 Is your data information model integrated with OEM? 

4 Is there any product data management (PDM) or other ICT tool in your SME? 

5 Do you have any plan to invest on IT tools to integrate communication inside your SME? 
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6 Do you have considered about security risk of your information system or product data?  

7 Do you have plan to develop your family product? 

8 Do you have plan to define your development process well?  

9 Do you have plan to develop your product in integrated way with OEM?  

10 Do you have plan to have product development process bases full on computer & data base? 

11 Do you have plan to have contract with different OEMs? 

12 Are your collaboration process clear enough? 

13 Do you have contracts to OEM with high profits?  

14 Is there any ICT tools (PDM, ERP...) integrated with OEM? 

15 Do you have any plan to invest on ICT tools to increase the integration with your OEM? 

16 Do you have any plan to define process concerning life cycle management? 

17 Is there any plan to integrate your ICT tools integrated to PLM? (To make all business 

process, their owners & work flow clear & more atomized?) 

18 Do you have process information model integrated with OEM? 

19 Have you any plan to extend the area of information sharing with your partners? 

20 Do you have actually any metric to assess the performance of the system? 

21 Do you have any plan for continues improving of metrics to assess the performance of the 

system? 

22 Do you have plan to have the structure of your SME more flat and not a pyramid ones?  

23 Do you have any program for training your employees regards ICT tools? (Specially PLM, 

PDM…)? 

24 Do you have any program to increase the number of employees in your SME? 

 

6.4 Questionnaires according to Adoption & Maturity Models 

Once adoption KPIs have been identified, we need to know if there are an interdependencies or links 

between KPIs. To choose the method of classification or prioritization of indicators, we must build a 

graph that represents the adoption model and interconnects indicators by validating sense relations.  

The company size indicator(𝑂1) : The larger companies have more financial resources for a thorough 

KM implementation. Therefore, authors in [71] expect larger companies to have a higher KM (𝑃2) 
maturity than smaller companies. 
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Innovation activities(𝑃5): Here we expect that incremental innovations require a higher KM(𝑃2) 
maturity concerning processes and technologies whereas radical innovations require a higher KM 

maturity with regard to the key process area people [71]  

Existence of a certified quality management (QM) system(𝑃7): As the certification of a QM system 

requires a thorough process management and documentation, we expect companies with a certified 

QM to have a higher KM (𝑃2)maturity, especially with respect to the key process area “processes”, 

than companies without a certified QM system (for the relationship between QM and KM see [71] 

[72] . 

Modules of Business Intelligence can be interfaced to the ERP(𝑇7) system to improve the decision 

making of managers (𝑆5,6,7,8,9) and provide useful knowledge relative to enterprise positioning, 

market trends and information on competitors [73] The introduction of CAD/CAM (𝑇5,6,7)software, 

for example, requires suitably qualified employees (𝑂3) to use them effectively [74] . Existing 

certification process and product quality, strongly favor the use of ICT by companies [75] . 

Authors in [71] shows that there is no obvious relationship between the R&D spending and the 

industry or the size of the company. 

Fig. 10 shows links between KPIs of adoption found in literature review. A directed graph is a good 

way for modelling KPIs. If we have a link, we will show it by a directed edge; the model allows 

multiple edges from one node to another; but no loops allowed. Continues lines represent links 

found in literature review, and Dashes represent links supposed. 

 

Figure 10.   Directed graph of PLM adoption KPIs. 
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Through literature review and previous investigation, we identify factors that impact PLM adoption, 

e.g. empirical results show that firm size and human capital are important variables related to ICT 

adoption. A work such [76] , presented four statistical tools that can be used to improve the 

organizational adoption of new PLM systems and tools. 

The questionnaire tool developed thinks about quantitative and qualitative evaluation. The 

quantitative evaluation is on responses related to adoption KPIs, and Maturity levels, e.g. do you have 

R&D activities in your enterprise? Response can be “Yes” or “No” or another kind of question; from 

0 to 5 where is located your R&D activity? The second case is the one selected for our tool. . Like 

this, we have not got enclosed questions, and the interviewed will not find himself headed to one 

solution, or giving response like yes or No. Concerning qualitative evaluation, it will be considered by 

adding a comment to questions which will highlight pertinent remarks and / or control variables. 

We find, below the PLM-Eval-Tool used for the evaluation of maturity level and adoption of PLM 

nearby French SMEs. The PLM-Eval-Tool starts by a brief description of PLM and the expected goal 

through the questionnaire (Figure 11.  ).   

 

Figure 11.   PLM-Eval-Tool introduction 

Then, the user will select their profile that will assign a confidence index answers. For example, a 

worker will not have right skill or competency to answer to strategic. For this, we proposed five 

profiles with the proper index. These five profiles are the Director/ manager with coefficient equal to 

1 for strategy, and 0.8 for tools. Department head will have coefficient equal to 0.9 on Strategy but 1 

on both Organisation and process. The three other profiles are Engineer, technician and companion 

(Figure 12.  ). 

  

Figure 12.   Profile choice 
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In the (Figure 13.  ), we have an overview of questions evaluation, which will be done by the 

interviewer. The response will be multiplied by the confidence indicator and gives automatically the 

“Impact”. The commentary column will be filled by the direct exchanges during the interview, 

according to different remarks.  

 

Figure 13.   Questions related to Adoption according to the Strategy axis 

The evaluation of responses of each axes (Strategy, Organisation, Process and Tools), will be 

between 0 and 5. The tool will generate two kinds of diagrams. Histogram of the 04 axes, will deliver 

the main adoption indicators impacting the PLM collaboration (Figure 14.  ). The purple partainsi, la 

PME a, shows the maturity assessment of SMEs in terms of PLM, (see the bottom of Figure 14.  ) 

 

Figure 14.   The PLM-Eval-Tool results 

Finally, the PLM-Eval-Tool is a decision-making tool for SMEs.  The tool is constructed as a 

questionnaire which will evaluate the collaboration of SMEs. It’s based on profiles of interviewees and 

questions evaluation. The tool generates adoption radar compared to 4 axes and the maturity level 

of the SME. Thus, the SMEs will carry out a self-assessment of its collaboration in terms of ICT and 

specifically the PLM tool. 
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7 DEVELOPMENT OF A WEB BASED PROCESS 

PLANNING SYSTEM FOR CNC MACHINE TOOLS 

MAINTENANCE AND SERVICE 

In order to develop the proposed system, Drupal, an open source Content Management System 

(CMS), was chosen. The reason why it was chosen is that, firstly, it is open source and free to 

download from their official website, thus you can edit the code as you want to achieve the designed 

system functionality; secondly, there are over 10 million users and developers worldwide who 

contribute to its development, forming a community to manage this framework, thus you can get 

help if you encounter problems. Thirdly, there are a lot of modules and themes to download from 

their official website, thus you don’t have to programme all function elements, as there are already 

bespoke modules developed for certain needs, which in-turn saves energy for other significant 

system design. Throughout Drupal, a Wamp server is used for running the system and a MySQL 

database is used for the storage of maintenance knowledge; PHP is used as a programming language 

for page layout and content assembly. 

Drupal (www.drupal.org) is one of the leading open source CMS in terms of market share, with a 

strong community of developers producing modules that extend its basic functionality. Drupal 

integrates semantic technologies, including taxonomies, to develop a platform which allows users to 

find, identify, record and correlate internal and external information and knowledge. It is made up of 

Web 2.0 tools, including wikis, blogs and social bookmarking to make business information more 

readily available. Drupal proved to be an appropriate choice of software for this project as it allowed 

for full customisation of system files and the creation of bespoke modules for specific user 

functionality. 

7.1 System Requirements Analysis 

The following figure (Fig.10) is the overall system functionality for the designed Collaborative 

Maintenance Process Planning System (CMPP). This system mainly faces to three types of users: 

OEMs, manufacturing systems and the service suppliers, the OEMs are aiming to provides products 

information, spare parts information and product maintenance specifications onto the system, then 

learn from the service knowledge shared by the other two partners; manufacturing systems – 

machine tool users will report machine failure to service suppliers, do routine maintenance work, 

and learn service knowledge to guide their operation performance; then the service suppliers will 

provide service supply, share service knowledge with OEMs and manufacturing systems, and then 

book spare parts/materials from OEMs, book tooling/consumables from external suppliers. 
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Figure 15.   Overall System Functionality Diagram of the designed CMPP System 

7.2 System Functionality Design 

According to the designed functional requirements and different users who will access the different 

system menus, the system functions for OEMs can be seen in Fig.11. OEMs will manage their product 

information, including spare part information, provide product routine maintenance specifications and 

check the routine logs coming from manufacturing systems and then manage their own profiles and 

share knowledge with the other two partners. 

 
Figure 16.   System Functions for OEM Users 

Similarly, the system functions for manufacturing systems can be seen in Fig.12. Manufacturing system 

users will be able to manage the routine maintenance, and the maintenance guide will be provided by 

OEMs, and then manufacturing systems will fill in the routine logs which in return are accessible for 

the OEMs to knowledge the current situation. “Failure report” item allows users to report failures 

and view product information; then manufacturing system users will have their profiles; and 

“knowledge sharing” function allow manufacturing users to have the knowledge shared by OEMs and 

service suppliers. 

 
Figure 17.   System Functions for Manufacturing System Users 
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Fig.13 shows the functional module that the service suppliers access in the system. The main function 

is to make service process, service suppliers will be able to view product information from provided 

by OEMs, manage maintenance feature diagnosed from manufacturing systems, and check previous 

service knowledge and then make new service process. Apart from that, service suppliers will have 

their own profiles and knowledge sharing module as well to communicate with OEMs and customers. 

 
Figure 18.   System Menu for Service Supplier Users 

7.3 System Interface Development 

This section provides the interface of the developed CMPP system in terms of product management, 

process management and knowledge sharing functions. Firstly, Fig.14 shows the front login page of 

the system, and then the system will tell which roles of the users and redirect to different homepage 

respectively. 

 
Figure 19.   The Login Page of the CMPP System 

Three main types of system roles have been created: “OEM users”, “Manufacturing systems”, and 

“service suppliers” representing the three stakeholders; in order to go through the maintenance 

process within service suppliers, two more roles are added to the service supplier role: “service 

manager” and “service engineer”. In order to achieve the designed functionality of the system that 

meeting the requirements of these three stakeholders, five functional main menus and one account 

menu have been designed: “Product Management”, “Routine Maintenance”, “Process Management”, 

“Stakeholders”, “Knowledge Sharing” and “Account”.  According to the designed function in section 

6.2, the arrangement for the three main roles can be represented as following figure (Fig. 15). 
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Figure 20.   The Arrangement of the Designed System Menus for three Main Roles 

7.3.1 Product management pages 

Following the users logging in the system, different homepage can be redirected accordingly. Because 

OEMs are aiming to manage the product information and spare parts, thus the product management 

page is taken as their homepage (Fig.16): 

 
Figure 21.   The Homepage for OEM Users and their Accessible Menu Items 

As is seen in Fig.16, this is a frame for managing product information, OEM users can add files in a 

structured way, and documents can be uploaded into those files. The CNC lathe product structure 

has been created in the system, and it has five main subsystems: “Mechanical system”, “Electronic 

system”, “Software”, “Hydraulic system” and “Air feed system”; the sub systems have their own sub-

subsystems or components, the expanding folders can be seen in Fig.17 (a). The mechanical system 

has six sub-subsystems: “Main transmission”, “Guide ways”, “Carriage apron”, “Turret”, “Tailstock”, 

“Bed and pedestal”; electronic system has two sub-subsystems/components: “Drive motor”, and 

“Relay”; software includes “Control panel” and “Encoder”. Users can upload files into 
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                                                  (a) (b) 

Figure 22.   The Expanding Product Structure of CNC lathe;  (b) File uploading interface 

All three roles can access the product management folder, but not all have the authority to edit, only 

OEMs have the permissions to upload files into the folders and manufacturing system users and 

service suppliers can only view the files. These permissions can be configured in the backend of the 

system and Fig.22 (b) is the file uploading interface for OEM users. The parent folder can be selected 

from the drop down list to determine where the file is to be uploaded. Files can be searched by 

typing in the “Keyword” textbox in the right corner, if users want to find related knowledge. 

Under the product management menu, spare part information has similar pages for OEM users to 

edit and for the service suppliers to view. Besides, due to the OEMs not only provide product 

information, but also the product maintenance specifications for machine tool users - manufacturing 

system to refer to, thus the “Routine maintenance guide” can be added under “Product 

management” menu item, and at the same time under the “Routine maintenance” menu item which 

the manufacturing system can access.  Further introduction will be given in the following section. 

7.3.2 Routine Maintenance Page 

The most frequent task of manufacturing system users is routine maintenance, thus the homepage 

for them are the daily event schedules, including maintenance schedules. Manufacturing users will 

have their own events planned through the system and any upcoming events will be displayed on the 

homepage, as can be seen in Fig.18. 

 



 BENEFITS PART II 

 Page 51 

Figure 23.   The Homepage for Manufacturing System and their Accessible Menu Items 

Machine tool users create maintenance schedules by “Adding new schedule”. Fig.24 is the interface 

for adding new schedules (in order to make all the contents appear in the same screen, the contents 

have been zoomed out as 55% of normal page). Events title, description, event start/end date can be 

set here. One of the important fields is that, machine users will have to select what kind of events to 

create, such as “machine schedule”, “Meeting” or “Deadline” (as can be seen in the enlarging part of 

Fig.19). Then people can also select who is involved in this event, or which machine is related if it is a 

machine schedule in the vocabulary settings. After adding a new event, it will appear in the month 

view of the calendar, as shown in Fig.18, so that machine users will know the upcoming events in the 

next 3 days. 

 
Figure 24.   The Interface of Adding Event Schedules 

Under the “Routine maintenance” menu item, there is the “Routine maintenance guide” which 

provides the manufacturing system the guidance of how to do daily routine maintenance (Fig. 20). 

The guide is made as a “book” format which allows users to turn pages as they want. For example, if 

you click the “Lathe – Chuck – Maintenance - Introduction” on the right menu list, then the 

introduction of how to do maintenance for the lathe chuck comes out, and detailed description of 

prerequisite tools are provided at the beginning (as seen in Fig. 21). Then step by step guidance with 

the detailed description and pictures will show the engineers where to operate, warning tips for the 

engineers to maintenance are provided (Fig. 22 shows all steps needed to conduct the maintenance 

operations and Fig.23 is one step of several steps for the Lathe 10” chuck removal guidance. 
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Figure 25.   Routine Maintenance Guide Page 

 

 
Figure 26.   The Routine Maintenance Guide 
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Figure 27.   Steps of Lathe 10” Chuck Removal Guidance 

 

 
Figure 28.   Step 1 of Lathe 10” Chuck Removal Guidance 

Engineers can go to next step or previous step easily by clicking the right and left arrow below this 

step, if they want to go to the parent item, just click the “up” link; besides, they can jump between 

different steps by clicking the right menu list easily. 

7.3.3 Process management page 

The service suppliers are going to deal with the maintenance request submitted by manufacturing 

users, and it is the service suppliers who manage and finish the maintenance process, which is their 

main function in return, thus the process management page is taken as the homepage for service 

suppliers (Fig. 24). 
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Figure 29.   The Homepage for Service Suppliers and their Accessible Menu Items 

Fig. 25 is the designed process roadmap for the maintenance workflow. As the figure shows, (a) the 

manufacturing system will report failures by filling a “failure report”, (b) then the report will go to 

service suppliers, the service managers in the service suppliers company are able to assign engineers 

to do the task based on the report, (c) then the service engineers whoever are assigned (the 

assignee) will response to the failure by reusing maintenance knowledge, their own experience etc., 

(d) then the manufacturing system will judge whether the response from service suppliers can meet 

their requirements or not by accepting or rejecting it. (e) If it is accepted which means the service is 

successful then it goes to the end; otherwise, the same failure report will be regenerated to go 

through the workflow again. 

 
Figure 30.   The Designed Process Roadmap for Maintenance Service 

Fig. 26 shows how the manufacturing system raises a failure report (stage (a) in the process) by 

launching the designed template for “failure report between stakeholders”. The engineers will select 

one of the predefined process titles in the dropdown list, and then launch it. The newly created 

process can be seen in the figure with red arrow pointing it. 
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Figure 31.   The Newly Created Process Launched by Manufacturing System Users 

After launching the process, users are able to fill in the form when clicking on the title “Failure 

report”. Fig. 27 is the screen after clicking into the failure report. 

 
Figure 32.   Failure Report Filling Form 

When finished filling this “failure report” and saving it, the process will go to the next step 

automatically for the service suppliers to assign the tasks and give service strategy (stage (b) of the 

process). Fig. 28 is the screen that service managers in the service supplier companies can see the 

reported failure. If the service managers click the folder-like icon on the right side, then the 

information can be spread (See Fig.29). From the figure, it can be seen that, five attributes of the 

reported failure can be viewed: the summary, the content, the outstanding task, task history, and 

comment. Service managers can view the content and then assign the task to a certain engineer. 

Newly created process 
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Figure 33.   The Interface that the Service Managers see 

 

 
Figure 34.   The Spread of Information of Submitted Failure Report by Manufacturing System Users 

The engineer will view the assigned tasks in his screen (stage (c) of the process). Fig.30 is the 

interface viewed by service engineers in service supplier’s company. The title of the task has been 

changed from “Assign engineers” to “Response to failure”, again, the engineers can open the folder 

and view the details of this task, and then give response accordingly. 

 
Figure 35.   The Interface viewed by Service Engineers 
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After giving the response to the failure report, then the results will go back to the one who raise the 

report to check whether this service works or not (stage (d) of the process). From the Fig.31, the 

title of the task for manufacturing users has been amended to “Accept or reject”, the users will 

select which one to choose according to the real situation of the maintenance results. If it is selected 

as reject, the failure report will be regenerated again with the same content, and go through the 

process again until it has been fixed and the manufacturing system users are satisfied with the results. 

 
Figure 36.   The Interface that Manufacturing System Users see as the Process Flows 

Till now the maintenance process comes to an end, this workflow can effectively manage the service 

process amongst different roles and track changes in each step. 

Under the “Process management” menu item, there is another page named “All reported failures” 

(Fig. 32) which displays what failure has been reported when and by whom. This function can be 

applied by both manufacturing system users and service supplier users. 

 
Figure 37.   The Interface of All Reported Failures 

7.3.4 Knowledge sharing interface 

For a collaborative system, knowledge sharing function is no doubt the most important module that 

enhances knowledge reusing, sharing and learning. All the stakeholders in the system can view other 

partners’ states and communicate with each other. They can post a forum to ask questions or share 

their experiences, or add comments to others’ posts. (Fig.33) 
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Figure 38.   Knowledge sharing interface - forum 

As is seen in Fig.38, necessary information for this forum such as the author, create time, the title, 

the content, etc., if there has been comments given to this forum, it will be displayed below each 

forum topic. New forums can be created by clicking the “Add new forum” link on the right side. 

This forum is limited to knowledge sharing within the group, but it is not a real time communication, 

while Drupalchat module can solve this problem. It can be found that, almost each snipping screen 

image has a “Chat(0)” icon on its right lower corner, that is for collaborative users to communicate 

in real time. Fig. 34 is an example communication case for collaborators named “Lee” and “Susan”. 

                                   
                                                                  (a)                                                                                (b) 
 

 

 

                     
                                                    (aa)                                                (bb)                                               (cc) 

Figure 39.   Chat interfaces of the CMPPS 

From Fig.34, it can be found that, (a) is the online name list that “Lee” can see, (b) is the name list 

that “Susan” can see, they can see each other online; (aa) is the dialogue interface that “Lee” input, 

and (bb) is the dialogue interface that “Susan” can see, while (cc) is the public chatroom that all 
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online users can see.  This design can link the communication and the process management together 

within one management system rather than using another communication tools outside of the 

process management system. 

7.3.5 Stakeholders management interface 

Apart from the process and communication related management, the stakeholders information also 

needs to be managed, as can be seen in Fig.35 that all stakeholders and related companies are listed 

here. 

 

 
Figure 40.   Stakeholders Management Interface 

Users can add new company by clicking the “Add new company” link, then click the existing 

stakeholders name, for example “Stakeholders”, then you can select which companies belongs to the 

service suppliers. 

Besides, all users of the related stakeholders can be seen from the menu item user “stakeholders”, 

named “All users”. Fig. 36 shows all the user names, their image, and their roles. Users can click their 

user name to view their profiles to get to know people, and on the right hand side, users can view 

who is online. 
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Figure 41.   The Interface of All Users 

7.3.6 User account management interface 

At last, all users are able to manage their own profile by using the “My account” menu (see Fig.37). 

 
Figure 42.   The Interface of the User Account Management 

8 A FRAMEWORK FOR IMPROVING THE SHARING OF 

MANUFACTURING KNOWLEDGE THROUGH MICRO-

BLOGGING 

In a globally integrated enterprise environment, engineering and manufacturing organisations are 

increasingly required to develop flexible and responsive work processes to ensure their survival. 

Previous practices concentrating upon product cost, quality and time to market are no longer 

sufficient to maintain competitive advantage. The focus is progressively turning towards innovation 

with clearly differentiated product offerings being the result. Against this background, effective 

employee knowledge sharing is paramount and remains a significant challenge for both Small to 

Medium sized Enterprises (SMEs) and large multi-national organisations. The management and 

effective sharing of knowledge is recognised [59] as crucial for the survival of global manufacturing 

organisations. Research [60] suggests that, by sharing explicit employee and organisational knowledge 

already captured, companies are able to become more productive, enhance corporate performance 

and are more likely to survive than those that fail to discover hidden organisational knowledge.  

The term Micro-Blogging falls under the technology umbrella of “Web 2.0”, a term first coined by 

Tim O’Reilly [61] in 2004 to define the next stage in the development of the World Wide Web; 

O’Reilly identified that modern websites were providing users with a more interactive experience 

and enabled them to become responsible for the generation of their own content. More importantly, 

Web 2.0 offered the potential for greater collaboration and knowledge sharing; in this regard, micro-

blogging may be defined as the posting of short character-limited messages (usually 140 characters), 

images or videos online and is different from traditional forms of blogs, which are often lengthy and 

published less frequently [62]. By employing Web 2.0 technologies, enterprises are able to connect 

people to people and people to information more effectively; they can facilitate connectivity, sharing 

and collaboration across boundaries, capture a wide range of views and information that is typically 

informal or highly dispersed and help colleagues locate previously unknown experts [63]. More 

specifically, employees are able to identify and share organisational resources more easily via a less 
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formal communication channel; this inturn provides for greater interactivity and collaboration in the 

workplace. Current published research into the use of Web 2.0 technologies in enterprises has 

primarily focused on the use of individual technologies, such as Wikis [64], and social networking 

sites [65]. However, there is limited research into how each of these tools may be used in a 

manufacturing setting to share explicit employee and organisational knowledge. 

Along with other Web 2.0-based technologies, micro-blogging is increasingly being used in our social 

lives and amongst the academic research community to share and disseminate information. However, 

this is not perceived to be the case in industry where there appears to be a lack of recognition of the 

potential on offer to enhance knowledge sharing. Micro-blogging has been identified [66] as a 

particularly useful tool to facilitate employee collaboration and knowledge sharing and its specific 

benefits include: an ability to inform others easily and rapidly of current activities; a facility to provide 

colleagues with current work schedules, product availability, feedback and other explicit information 

in a timely manner; an accessible channel for the marketing and promotion of products/services and 

solicitation of customer feedback; the facilitation of communication with third parties, including 

potential customers and suppliers; and the potential to direct colleagues to informative content by 

re-posting. 

The activity of knowledge sharing faces numerous barriers typically relating to either social factors or 

the technology adopted or a combination of both. Businesses often cannot identify what is known 

within their organisations and, consequently, best practices, expertise and knowledge and skills 

cannot easily be applied and transferred. Successful knowledge sharing within an organisation 

requires openness and a willingness to share between two parties. Trust inter alia is a key issue with 

regard to sharing knowledge with colleagues. Dyer and Singh [67] acknowledged that knowledge 

sharing could generate relational incomes for both parties, although Simatupang and Sridharan [68] 

stated that more often than not, companies do not like to share their private information completely. 

8.1 The Proposed Conceptual Framework for Improved Knowledge 

Sharing 

Based on the findings of the industrial investigation, which conclude that no formal business process 

exists within the Company for the sharing of explicit manufacturing knowledge, a conceptual 

framework, displayed in Figure 1, is proposed to illustrate a new method for enhancing knowledge 

sharing and collaboration within organisations through the deployment of micro-blogging. The 

process demonstrates how an engineer or operative may search for explicit manufacturing 

knowledge by searching for specific keywords and phrases on public activity feeds, which may be 

accessed through an internal or external micro-blogging tool.  
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Figure 43.   Conceptual Framework to improve the sharing of Explicit Manufacturing Knowledge through Micro-

Blogging 

In Fig. 39, in the column headed ‘The Process’, guidance is given on what actions users should take at 

each level of the knowledge management process in order to improve the sharing of explicit 

manufacturing knowledge, through the use of micro-blogging tools. Further explanation of this 

process is now provided in Table 13. 

Table 13. Business Process for Improving the Sharing of Explicit Manufacturing Knowledge 

Level User… 

Knowledge 

Capture 

Searches and locates explicit manufacturing knowledge employing 

targeted keywords and phrases.  

Knowledge 

Management 

Targets internal colleagues who would benefit from receipt of explicit 

manufacturing knowledge. Re-posts knowledge to his/her own personal 

news feed so that others can search and locate knowledge. 

Knowledge 

Sharing 

Shares manufacturing knowledge with targeted colleagues and project 

groups using specified #Hashtag or @user functionality. 

Knowledge  

re-Sharing 

Reads and deciphers knowledge and shares with targeted colleagues and 

project groups using specified #Hashtag or @user functionality. 

Knowledge 

Application 

Considers supplied knowledge and applies to business needs, where 

appropriate. Posts questions and gives feedback to knowledge provider. 

Knowledge  

Re-Use 

Provides tacit or further explicit knowledge in response to knowledge 

recipients’ questions or feedback. Re-uses knowledge received to 

improve business processes and re-distributes to project group 

members. 

9 CONCLUSION  

During this project, we have explored different axes relating to SME collaboration. We have 

conducted several in-depth investigations with leading SME and multi-national organisations, in order 

to identify real business needs relating to product lifecycle management. The investigation has 

covered different aspects of SMEs collaboration: PLM/ICT, collaboration levels and maturity, 

Knowledge management and skills/competencies.  
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Product lifecycle management systems have a significant role to play in supporting the collaboration 

and management of the partnership between OEMs and supplier to enable the success of supplier 

integration. Today, great rates of cooperation as suppliers have been dedicated to SMEs. Since one of 

the PLM tasks is to control collaboration between OEMs and suppliers, this research provides SME 

suppliers with explorative research into the relationship between them, based on ICT technologies 

and focuses on SMEs adoption of PLM. Such relationship needs the BPMN for representing all tasks 

that must be done for the collaborative process planning. Two existing information models (NIST 

and PPRO) serve as an information model to investigate the way of implementing design processes in 

the context of PLM. 

Modeling different role-based views and finding interoperability between the various information and 

communication technology tools used in the manufacturing enterprises is significant. In this study, 

due to the specific needs and requirements in terms of PLM-based solution for SMEs and OEMs, the 

research focuses on studying various information modeling framework, business process and 

interaction between processes by studying the links between CAD tools and PLM tools.  

ICTs adoption can be a source of competitiveness and sustainability for SMEs. In the other hand, the 

introduction of new technologies (PLM) is a complex process that involves challenging the existing 

organisation, not only in terms of the information flow, but also the human resource management 

and OEM/Suppliers relationship level. As seen in the literature review, there are a number of factors 

that facilitate the adoption of ICT technology, but we also identified a number of obstacles that will 

need to act as the adoption takes place.  

On another hand, we have developed a questionnaire based on the levels of maturity, Knowledge 

management and ICT adoption. This questionnaire shows suppliers how to evaluate their positions in 

terms of collaboration in PLM. 

 

Figure 44.   Investigation Process 

During our studies, we conducted an in-depth exploratory investigation into a leading manufacturing 

organisation, based in the UK. The Company hasd implemented a PLM system for the first time six 

years prior to our study. From the investigation, we found that there are some basic issues that need 
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addressing in order to maintain product information. During implementation, the team mainly 

concentrated on CAD data management and its output (drawings), and only one level of bill of 

material. There was no plan in how to deal with legacy data, which led to issues during the 

implementation of the new PLM system (PTC WindChill); we believe this to be a missed opportunity 

to relate other product information generated in and outside the engineering function into the PLM 

system. Whilst the design of change management system is very robust, it takes a lot of time to 

complete the cycle. There is scope to address this by customisation. 

The industrial investigation confirmed that the Company does not currently have a formalised 

method for sharing explicit employee knowledge. Some tools and procedures exist to facilitate 

knowledge exchange, but the organisation lacks a standardised process for the capture, management 

and sharing of explicit employee and organisational knowledge. Given the relatively flat organisational 

structure and a corporate culture of “who you know”, employees are expected to seek out 

knowledge from identifiable colleagues. This is frequently completed on an oral face-to-face basis 

while written documentation is shared. However, it may be concluded that the Company is failing to 

embrace current technologies to facilitate and enhance knowledge sharing. 

From the investigation, there is a general awareness of the inherent benefits of lessons learned in 

NPD and some momentum would be welcome to promote its use across cross-functional teams. 

There is a need to design and develop a more structured template to record lessons learned as the 

current free-flow text does not capture the full extent of what has been learned. An initial design has 

been provided that, once implemented, can be integrated within the company’s existing PLM system. 

For future works, the system should be implemented to validate our approach. In addition a case 

study with real life data should be tested. 

Throughout the industrial investigation of the Company, there is a requirement to make the 

maintenance process clearer to all the stakeholders through the product maintenance cycle. Besides, 

the knowledge of product maintenance should be integrated with other stages of the product 

lifecycle, such as NPD. Further research will be carried out to develop an e-Maintenance system to 

enhance the current PSS management.  
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CHAP III. FUTURE WORK AND 

RECOMMENDATIONS FOR INDUSTRY 

Through literature review we identified factors that impact PLM adoption, e.g. empirical results show 

that firm size and human capital are important variables related to ICT adoption. Bergsjö [22] 

presented four statistical tools that can be used to improve the organizational adoption of new PLM 

systems and tools. 

Note that the optimized model is the one without indicators correlation, and where indicators (KPIs) 

are independent. As future work, the average ICT adoption can be presented by the 𝑃𝐿𝑀𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛 

function, for a first approach we will explore the regressive models (an alternative to hidden Markov 

models). This kind of approach was explored by Erumban and De Jong [69] in order to find existing 

correlation. 

 
 𝑃𝐿𝑀𝐴𝑑𝑜𝑝𝑡𝑖𝑜𝑛 = ∑ 𝛼𝑖𝑆𝑖 + 𝛽𝑖𝑂𝑖 + 𝛾𝑖𝑃𝑖 + 𝜎𝑖𝑇𝑖

𝑛
𝑖  (1) 

 

𝛼, 𝛽, 𝛾, 𝜎 : represent parameters and will be estimated through a survey.  

S, O, P, T: represent consecutively Strategic, Organizational, Process and Tools KPIs. 

For such approach, it’s important to be careful about other relevant variables that may have an 

impact on factors. It is therefore important to think about some control variables, such industry 

sector [70], that may influence results. We envisage for the future survey to have quantitative and 

qualitative evaluation. The quantitative evaluation will be on responses related to adoption KPIs, e.g. 

do you have R&D activities in your enterprise? Response can be “Yes” or “No” or another kind of 

question; from 0 to 5 where is located your R&D activity? Concerning qualitative evaluation, we may 

consider adding a comment to questions which will highlight pertinent remarks and / or control 

variables. 

In response to increasing economic, environmental and social challenges, enterprises requirements 

collected through different investigations with SMEs from FCE channel we envisage to develop a 

virtual network that would facilitate the establishment of collective ability and capability, focusing on 

SMEs, to create and deliver innovative products, processes, systems and services. New business 

process modeling, information and knowledge management and enabling tools will be developed 

using advanced ICT and Web 2.0 technologies such as Crowdsourcing through future project 

proposal. 
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