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Abstract 

The growing demand for highly customised products has seen manufacturing 

companies seek new ways to streamline their internal business processes, 

reconstruct their production lines, and reengineer their business models to 

increase responsiveness in a dynamic market.  As such, the effective management 

and utilisation of global manufacturing resources are crucial to achieving customer 

satisfaction and enabling companies to deliver fast time-to-market customised 

products at changing production scales.  However, manufacturing companies, 

especially Small and Medium-sized Enterprises (SMEs) have limited resources and 

experience, and lack effective systems and tools to work in an ever-increasingly 

distributed, networked cloud environment that calls for significant production 

flexibility. This results in a need for better resource management and production 

planning in a global production network. In response to this need, the MCloud 

project was begun. The key objective of this project was to develop an integrated 

solution     to enable rapid production of highly customised products, using globally 

sourced manufacturing resources.  

A flexible, web-based system (MCloud) was developed with the aim of enabling 

rapid configuration of distributed manufacturing resources through better 

understanding of resource constraints for the production of highly customised 

products.  The overall system model is inspired by an emerging service-oriented 

manufacturing paradigm – cloud manufacturing. Cloud manufacturing is a service-

oriented, knowledge-based new mode of networked manufacturing. It aims at 

facilitating manufacturers to minimise their product life-cycle expenses, maximise 

production efficiency, and provide agile accommodation of the available 

manufacturing assets to the variable demands of customers. Cloud manufacturing 
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assumes that manufacturers use crowdsourcing and outsourcing models for 

manufacturing operations and supporting services. To determine the significant 

research dimensions to be considered, research was conducted on cloud 

manufacturing, and collaboration was established with several industry partners. 

The system developed addresses the research gap of implementation of theoretical 

cloud manufacturing research in practical applications. This is achieved by 

providing industry users with a hybrid cloud manufacturing environment to 

facilitate effective resource sharing and rapid product development. The final 

MCloud framework consists of four major system modules that collaboratively 

enable highly customised manufacturing jobs to be quickly processed by 

distributed manufacturing resources in the cloud. The implementation of the 

proposed system provides manufacturing companies of all sizes with an effective 

solution to managing manufacturing resources and processes in a highly 

customisable environment. 

The performance of MCloud system has been validated through case studies with 

industrial partners. Valuable capabilities of the system include: (i) service-oriented 

representation of highly customised products using a standardised product data 

model; (ii) effective capability modelling of manufacturing resources using a multi-

domain, multi-level and multi-granularity resource virtualisation mechanism; (iii) 

explicit specification of context-aware access control policies for any cloud 

resources, and establishment of a dynamic hybrid cloud manufacturing 

environment; and (iv) rapid production planning for a customised manufacturing 

job using knowledge-based service composition and availability-adaptive plan 

adjustment.  

The research work in this thesis has been reported in four journal papers and 

presented at four international conferences.  

 

Keywords: Cloud manufacturing, Mass customisation, Service-oriented 

manufacturing, Semantic web, Expert system, Hybrid cloud
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Chapter 1  

Introduction 

Manufacturing is, like all economic activities, in a state of constant change. In recent 

years, the growing demand for highly customised products has forced 

manufacturers to provide highly customised products to a competitive market. As a 

result, manufacturers are required to upgrade production models to enable agile 

response to on-demand customer needs. In such an environment, effective 

utilisation of both in-house and external resources is crucial to achieving business 

agility. Concurrently, smart technologies such as IoT (Internet of Things), cloud 

computing, and semantic web are creating new ways for manufacturers to deliver 

value. Thus, it has become increasingly important to find ways to support the 

efficient production of highly personalised products and effective manufacturing 

collaboration in a distributed manufacturing environment, using smart 

technologies. 

1.1 The MCloud Project 

The MCloud project is an industrial collaboration between the University of 

Auckland, New Zealand, and leading manufacturing companies from New Zealand 

and China. The key objective of this project is to develop an open cloud-based 

engineering environment that can be used by manufacturing companies to rapidly 

develop high-value-added customised products. As globalisation increases and the 

marketplace becomes ever more competitive, manufacturing companies of all sizes 

must be able to react to dynamic requirements from sophisticated customers by 
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delivering fast-time-to-market customised products. This calls for a highly 

autonomous global manufacturing network, through which configurable 

production networks can be easily formed to suit customised requirements.  

1.2 Setting the Scene and Identifying the Challenges 

The general goal of this project is to develop a cloud environment, together with 

advanced software tools, to help manufacturing companies rapidly develop highly 

personalised products and facilitate effective business interactions in a dynamic 

business environment. In the industry setting, rapid delivery of highly customised 

products relies on the success of all facets from product design to production. The 

underlying issues are examined from both a literature and industry perspective, to 

identify key challenges and set the objectives and scope of the study. 

To begin with, it is important to understand current trends of the manufacturing 

business and major problems that exist in a typical manufacturing workshop. 

Manufacturing has been undergoing constant evolution since the Industrial Age. An 

ever-competitive climate and sophisticated customer-base require rapid responses 

to highly customised products at changing production scales (Bollinger, Benson, & 

Cloud, 1998). This challenge suggests that flexibility and responsiveness are critical 

for manufacturing enterprises to gain a competitive advantage.  

To achieve great flexibility and responsiveness, some companies have taken a step 

away from traditional mass production towards mass customisation and just-in-

time concepts. According to an analytic study carried out by International Data 

Corporation (IDC) in 2012 (Manenti, Paolone, & Veronesi, 2013), 22 percent of 

respondents believed engineering-to-order will be the primary production model 

for their companies during the next five years. Similarly, the adoption of assembly-

to-order will increase from 30 percent to 35 percent over the next five years. This 

change indicates a fundamental evolution in the production model towards make-

to-individual. Make-to-individual refers to a new product realisation strategy, in 

which a company designs and manufactures a product based on specific individual 

needs. Manufacturing enterprises are therefore required to: 
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 manage and use information to make rapid intelligent decisions from 

among a vast array of alternatives 

 adapt and reconfigure manufacturing processes rapidly for the 

production of customised products at changing scales 

 adapt and reconfigure manufacturing enterprise to enable the easy 

formation of complex alliances with other organisations 

 develop integrated engineering tools that facilitate enterprise-wide 

involvement in all the facets of product development from design to 

production, to reduce time-to-market.  

In recent years, there has been a surge in Research and Development (R&D) efforts 

in developing intelligent solutions to achieve flexibility and responsiveness in 

product development and business operation in a dynamic market environment. 

For instance, Dean, Tu and Xue (2009) developed an information system that 

enables a company to produce customised products, and their application showed 

that product knowledge management systems are crucial to achieving mass 

customisation in a manufacturing enterprise. More recently, semantic technologies 

have been used as an effective tool for designing and delivering highly customised 

products (Dong, Yang, & Su, 2011; B. Jin, Teng, Wang, & Qu, 2008; Wahlster, 2014). 

In order to facilitate effective business collaboration in the distributed global 

manufacturing environment, the concept of global production networks was 

proposed. In a global production network, manufacturing companies are 

dynamically interconnected to create value through the transformation of material 

and non-material inputs into demanded goods and services (Coe, Dicken, & Hess, 

2008). This global collaboration mechanism has created unique opportunities for 

rapidly addressing personalised customer needs. Inspired by the concept of cloud 

computing and service-oriented business, cloud manufacturing was proposed as a 

new business model for the manufacturing industry (Xu, 2012). Cloud 

manufacturing provides organisations with the ability to virtualise their resources 

and offer them as scalable cloud-based services (Lu & Xu, 2014). In this cloud 

context, manufacturing services can be encapsulated automatically, based on 
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unique consumer needs. This paradigm provides massive potential for adopters of 

make-to-individual model, allowing rapid configuration of production networks 

based on tailored demands.  

However, these initiatives cannot adequately provide the industry with a 

satisfactory solution for rapid production of highly personalised products in the 

ever-increasingly distributed, networked cloud environment. There are a few 

challenges ahead.  

To enable rapid development of personalised products, one of the prerequisites is 

to properly represent personalised products using a consolidated data model. A 

direct approach is to adopt a neutral data format for data management throughout 

the development life cycle. The credibility of ISO (International Organisation for 

Standardisation) standards makes it a natural choice for representing information 

within a particular domain. As a typical example, STEP (STandard for the Exchange 

of Product data) (ISO 10303) (1994) is defined to represent product data through 

the life cycle of a product. The technical objective of STEP is to enable the 

communication of product data between heterogeneous systems. To achieve better 

product data management, A STEP-compliant PDM (Product Data Management) 

system was developed to meet the demand for logically integrated product data, 

which are physically stored in a distributed environment (J. Yang, Han, Grau, & Mun, 

2009). In this system, a STEP-based PDM schema was proposed, to represent and 

exchange product data among heterogeneous PDM systems. Another mainstream 

activity in developing product data model for collaborative product development 

concentrates on using semantic web technologies, to model product and 

manufacturing services over the Internet. The semantic web provides a common 

framework that allows data to be shared and reused across application, enterprise, 

and community boundaries (Berners-Lee, Hendler, & Lassila, 2001). For instance, 

Cai, Zhang and Zhang (2011) developed a manufacturing service hub using 

ontology-based modelling of distributed manufacturing services, and semantic 

annotation of the acquired manufacturing services. Although a considerable 

amount of work has been carried out in developing an integrated data model for 

product representation, these efforts only concentrate on the proposition of 

technical aspects of a product; the business-related aspects such as costs, logistics, 
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and SLAs are not explicitly represented. Therefore, the first challenge is to 

enable effective representation of a personalised product. This requires an 

integrated representation model for personalised products, which should include 

description protocols for product characteristics, manufacturing processes, 

manufacturing resources, logistics, costs and organisation information. This data 

model should also provide a rigorous mechanism for cross-company and cross-

domain data integration.  

Rapid configuration of manufacturing resources for the production of personalised 

products also needs accurate articulation of resource capabilities. Production 

planning in industry settings is a subject process; the assignment of the right 

resource for a given job requires a production planner to create a production plan 

based on resource capability and production capacity. However, the knowledge of 

a resource’s capability derives from an engineer’s experience. In a one-of-a-kind 

production scenario, accurate representation of resource capability is necessary. 

This knowledge should be summarised as engineering knowledge and stored in an 

information system and be used in a planning system. However, this need is not 

well-addressed in commercial ERP (Enterprise Resource Planning) systems. 

Therefore, the second challenge is to develop a proper resource capability 

modelling framework. 

Fast response to market changes relies on an efficient decision-making tool to 

convert customised product designs into actionable production activities. Software 

applications such as ERP and MRP (Material Requirements Planning) systems have 

become industry norms for managing production activities. However, this 

production planning process is a very complex activity that consumes a large 

amount of engineering knowledge from within a company. These commercial tools 

often cannot provide independent modules for capturing engineering knowledge at 

a workshop and reusing it for the decision-making process. Knowledge-based 

decision-making is very important, as it can accelerate the speed of making the best 

decisions and can also radically cut operational costs. Therefore, the third 

challenge is to facilitate explicit knowledge-modelling and knowledge-based 

decision-making. In addition, the rapid production of personalised products 
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requires the decision-making system to be capable of adapting to the real status of 

production capacity at a workshop.  

In the global cloud environment, distributed manufacturing resources become 

service nodes, each of which is actively engaged in a product development project. 

As companies begin thinking deeper about the cloud, they are faced with a choice: 

providing manufacturing services on-premises for a private cloud, or moving 

services into the public cloud. The journey to the cloud can be a consolidation 

process, in which decisions about different interests are involved. These decisions 

may cover business goal refinement, ROI (Return on Investment) analysis, resource 

integration and so forth. Different companies may have different requirements of 

their cloud solutions. A company at different business stages may even require 

different cloud deployment modes. In current practice, different companies are 

developing their own private or community cloud, based on their periodical 

business goals (X. Wu, Shi, Hou, & Yang, 2012; X. Yang, Shi, & Zhang, 2014). These 

systems do not support agile switching between different deployment modes. 

Therefore, the fourth challenge for a cloud-based environment is to allow 

easy switching among different cloud deployment modes, based on periodic 

business strategies. It needs to be supportive of business model upgrades, with 

minimum disruption to existing business infrastructure. 

Privacy and security are other concerns for manufacturing companies in a 

collaborative environment (Subashini & Kavitha, 2011). In a collaborative 

engineering environment, data exchange happens along the product development 

life cycle from design to production, among stakeholders. These data often include 

product designs, trade secrets, engineering knowledge and information in other 

forms that are a company’s core IP (Intellectual Property). The success of a 

collaborative product development project depends on rigorous IP management 

mechanisms to minimise the risk of IP leakage for all parties involved. This 

requirement is more exigent in a cloud manufacturing environment, because 

business interactions in the cloud rely heavily on data-driven decision-making, and 

these data typically contain sensitive information from the manufacturers involved. 

To our best knowledge, there has been very limited work on IP protection in the 

cloud manufacturing environment, although there have been some research efforts 
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on IP protection in a collaborative engineering environment that can offer some 

inspiration. Kim, Crera, Regli, Choo and Han (2006) proposed a multi-level 

modelling technique based on feature-based modelling and mesh simplification, to 

enable information protection in computer-aided collaborative design. The 

techniques are integrated with an access control mechanism to enable role-based 

user authorisation. More recently, Deng, Huet, Tan and Fortin (2012) proposed 

decomposing product structures for the purpose of controlling IP leakage risk in 

supply chains using a design structure matrix. Following the notion of information 

partition in a collaborative environment, Wang and Xu (2015) proposed a product 

data exchange mechanism, based on STEP/STEP-NC data models, to provide 

information with the right level of detail to partners in a supply chain. Nevertheless, 

the fifth challenge is to investigate possible mechanisms to protect IP in the 

cloud, to eliminate doubts from potential stakeholders. 

Owing to the practical nature of this study, a technical solution in the form of a 

software system was developed to provide companies with useful tools to enable 

rapid development of highly customised products in a collaborative environment, 

and support intensive service-oriented business interactions on a broader scale. 

Companies in real life operate under a myriad of different settings, including type 

of products, range of resources, composition of supplier chain partners, and means 

of business operations, to name a few. Thus, the solution developed must be 

inherently flexible and robust enough to be applicable to a range of companies. The 

design, development and implementation of a suitable technical solution are also 

challenges that must be addressed. Research must be conducted to understand key 

concerns from companies in relation to the deployment of transformative IT 

solutions. Appropriate methods and techniques must then be developed and 

applied, to ensure system tools are easy to configure for individual needs.  Finally, 

implementation aspects including system architecture, data management, and the 

user interface must be considered, to ensure usage of best practice in today’s IT 

applications. Given the research context and the challenges identified, the specific 

objectives and scope of this study are outlined in the following section.  
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1.3 Objectives and Scope 

The main motivation for this research is to develop a cloud manufacturing 

environment to enable the rapid development of highly customised products and 

effective service-oriented business interactions, using a synergistic and innovative 

combination of concepts, theories and methodologies from a range of different 

fields. The solution will be in the form of a web application, consisting of a series of 

modules to assist companies with development of highly customised products in a 

global manufacturing environment, through tracking of manufacturing resource 

data and engineering knowledge. The system as a whole creates a manufacturing 

marketplace where distributed manufacturing resources are connected in a cyber 

world and a project-based alliance is dynamically created. Effective use of the 

proposed system will reduce time-to-market for new products and enable a 

company to achieve greater capacity to satisfy highly customised customer 

demands.  

The main challenges identified are: the effective representation of personalised 

products, accurate articulation of resource capability, incorporation of engineering 

knowledge in product development decision-making, establishment of resource 

access policies to facilitate a hybrid cloud environment, investigation of IP 

protection mechanisms to enable privacy-enhanced business interactions in the 

cloud, and implementation of a technical solution to enable this in an industrial 

setting. For a technical solution, a service-oriented multi-tier system framework for 

a hybrid cloud manufacturing environment is proposed. Such a system would 

provide manufacturing companies with the potential to rapidly develop highly 

customised products in a global manufacturing marketplace, and offer companies 

with redundant resources more business opportunities. Based on this, the key 

objectives of this PhD research were identified. 

1. Design of a hybrid cloud manufacturing system framework. This included 

investigating core features and processes of cloud manufacturing system 

modules, by identifying business roles and processes in a cloud 

manufacturing environment, business requirements from each role, and 

implementation requirements from related case companies. The 
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framework also included a resource access control module to enable the 

hybrid cloud environment – the synergy of private, community, and 

public clouds. 

2. Enable explicit representation of highly personalised products and 

distributed manufacturing resources. This included the analysis of 

existing representation schemes and incorporation of meaningful 

concepts into a unified data model for representing personalised 

products and distributed manufacturing resources.  

3. Conduct research on knowledge management, with special focus on 

knowledge-based decision-making in a distributed environment. 

Distributed knowledge integration is supported through this research by 

developing a linked knowledge map. 

In order to achieve the above objectives, close collaboration with industry partners 

was maintained throughout this study to identify key research gaps, utilise real life 

information for system development, and validate system performance through 

industry application. Due to the breadth of this study, it was recognised that full 

development and implementation of the proposed system was not possible in the 

given timeframe, and hence was outside the scope of this research. However, to 

demonstrate the feasibility of the system, the overall system was implemented to 

the standard of today’s IT application and evaluated in real industry situations. 

1.4 Thesis Synopsis 

This thesis describes in detail the research work conducted in order to achieve the 

objectives prescribed. Both the fundamental scientific research and practical 

knowledge gained from collaboration with industry are clearly explained, and the 

thesis progressively provides a clear understanding of the development of the 

overall system and its functions. A brief synopsis of the remainder of the thesis 

follows. 

A thorough survey of cloud manufacturing is presented in Chapter 2. This review 

identifies the key dimensions of cloud manufacturing research and provides an 
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overview of studies, and conclusions drawn from past studies, in respect of each 

dimension. Research trends are discussed and gaps in knowledge, in respect of the 

application of cloud manufacturing and enabling technologies, are identified. 

Chapter 3 discusses the need for suitable technologies to enable industry users to 

put into practice existing cloud manufacturing research findings, and a technical 

solution in the form of a hybrid cloud manufacturing environment is introduced. 

This system targets adopters of make-to-individual production strategies in a global 

manufacturing environment. The main system constructs a global manufacturing 

marketplace, where distributed consumable manufacturing services are 

dynamically encapsulated for the development of highly customised products. Key 

features and general business processes are given, to highlight the significance of 

this study. The system development approach and framework interface are also 

provided. 

Data models for representing personalised products are reported in Chapter 4. An 

introduction to the cloud manufacturing dimension addressed by this work is given, 

followed by a description of the proposed data model. An overview of recent work 

in product data management is provided, to give context to the novel semantic web-

based method developed for service-request representation. The proposed method 

provides a unified description framework for service-oriented product data 

management. The feasibility of the proposed data models is then validated, using a 

case study example, and industry feedback is also discussed. 

Chapter 5 outlines the work completed for virtualising manufacturing resources 

and their capability. An integrated data model for manufacturing resources and 

capabilities was developed to allow service capability modelling at various 

granularity levels. In this research, semantic web-based modelling technologies are 

used as the description language for service capability modelling at the company, 

workshop and equipment levels. The proposed description framework also attends 

to the need for custom capability modelling, by providing semantic web rule 

language for expression of unique capability descriptions. The combination of 

semantic web-based modelling language and rule language provides service 

providers with a rich set of tools for describing custom service capability in a 
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complex engineering environment. The system functions in resource virtualisation 

are then illustrated in detail, and the feasibility of the proposed virtualisation 

method is validated using a case study. 

Chapter 6 presents work on the hybrid cloud manufacturing mode, and identifies 

semantic web-based access control as the most suitable method for dealing with the 

dynamic and complex nature of business interaction rules. A cloud management 

engine is proposed to allow users to set complex access rules for individual 

manufacturing resources. The reasoning engine in this module parses the rule sets 

associated with a resource, and deducts available resources for a given service 

request. The proposed semantic web-based access control goes beyond the limits 

of conventional authorisation methods, and enables agile switching between 

private, community, and public clouds. A case study is also presented to showcase 

how this resource access control mechanism works in a real industrial setting. 

Chapter 7 presents work on service composition for personalised service requests, 

which addresses the problem of mapping personalised service requests with cloud-

based manufacturing resources, based on distributed engineering knowledge 

sourced from an expert system. Semantic web-based reasoning is identified as a 

promising method for screening and selecting optimal manufacturing services for 

producing a personalised product. This method integrates distributed engineering 

knowledge from governing bodies, machine tool suppliers, and related service 

providers, to drive the resource and service selection process in the system. A 

detailed case study is presented to demonstrate the feasibility of the proposed 

approach.  

Finally, conclusion, future work and recommendations close the thesis in Chapter 8. 

This is followed by a list of references and appendices. This thesis is accompanied 

by four appendices. Appendix A contains the system user guide developed for 

industry users and provides a detailed overview of developed module functions. 

Appendix B illustrates the developed data model for service requests and 

manufacturing resources. Appendix C gives the full specifications of the customised 

manufacturing request used in Chapters 4 and 7. Finally, appendix D provides an 

abstract of work published during the course of this research.
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Chapter 2  

Cloud Manufacturing 

This chapter provides a critical review of the current state of research in cloud 

manufacturing. First, a brief history detailing the major developments is provided, 

to give a background of the advances in cloud manufacturing in support of service-

oriented personalised production since pioneering work began in this area, in 2009. 

Following this, a thorough survey of recent cloud manufacturing research is 

presented, which focuses on the main dimensions of cloud manufacturing research, 

including service request representation, resource virtualisation, service 

composition, privacy and security. Finally, research gaps in knowledge in regard to 

the application of cloud manufacturing in industry, to support next-generation 

service-oriented personalised production. A lack of enabling technical solutions to 

achieve this are discussed, and motivations for this study are outlined. Contents of 

this chapter have been adapted and included in Lu, Xu and Xu (2013), Lu, Xu and Xu 

(2014), and Lu and Xu (2014). 

2.1 Global Trends in Advanced Manufacturing 

Manufacturing is in a state of constant change. Today’s manufacturing is quite 

different from the understanding of twenty years ago. To better understand the 

context of this research, it is necessary to briefly introduce the global trends in 

advanced manufacturing in the past decade.  
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2.1.1 Service-oriented Manufacturing 

In recent years, global economic atmosphere changes and ICT advancement have 

transformed the landscape of manufacturing. The intuitive understanding of 

manufacturing (the transformation of raw materials into finished products) is more 

and more misleading and will soon become outdated. Manufacturing includes the 

whole chain of activities, from research and innovation through to recycling of the 

provided object (Roos, 2010). Physical fabrication is only a small part of the whole 

manufacturing process. Jovane, Koren and Boer (2003) identified a way of looking 

at the manufacturing paradigm shifts, as Table 2.1. 

Table 2.1: Paradigm shifts in manufacturing 

Paradigm 
Craft 

Production 
Mass 

Production 
Flexible 

Production 

Mass 
Customisation & 
Personalisation 

Sustainable 
Production 

Paradigm 
Started 

~1850 1913 ~1980 2000 2020? 

Society 
Needs 

Customised 
products 

Low cost 
products 

Variety of  
products 

Customised 
products 

Clean 
products 

Market 
Very small 
volume per 

product 

Demand > 
Supply Steady 

demand 

Supply > 
Demand 
Smaller 

volume per  
product 

Globalisation 
Fluctuating 

demand 
Environment 

Business 
Model 

Pull 
sell-design- 

make-
assemble 

Push 
design-make- 
assemble-sell 

Push-Pull 
design-
make- 
sell-

assemble 

Pull 
design-sell-

make- 
assemble 

Pull 
design for 

environment 
-sell-make- 
assemble 

Technology 
Enabler 

Electricity 
Interchangeable 

parts 
Computers 

Information 
Technology 

Nano/Bio/ 
Material 

Technology 

Process 
Enabler 

Machine 
Tools 

Moving 
Assembly Line & 

DML 
FMS Robots RMS 

Increasing 
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Proven by developments in recent years, it is recognised that the global 

manufacturing sector is moving towards providing highly customised products 

tailored to individual needs. The products are not only physical products, but in the 

form of personalised product-service systems (PSS), which incorporates a tailored 

service component. This increasing servitisation of the manufacturing industry has 



Chapter 2 – Cloud Manufacturing 

14 

 

been shown to be widespread and diverse (Marceau, Cook, Dalton, & Wixted, 2002). 

Nearly 75 percent of the manufacturing firms surveyed reported that they 

integrated and sold services in their product offerings. 

Another study by Neely (2008) illustrates the detailed kinds of service offered by 

manufacturing firms, as shown in Table 2.2.  

Table 2.2: Types of service offered by manufacturing firms 

Services offered Firms offering services (%) 

Design and development 21.74 

System and solutions 15.61 

Retail and distribution 12.02 

Maintenance and support 11.81 

Installation and implementation 5.02 

Financial 3.75 

Property and real estate 3.66 

Consulting 0.63 

Outsourcing and operating 1.67 

Procurement 1.14 

Leasing 0.99 

Transportation and trucking 0.21 

Any form of service 30.05 

 

It is clear from this study that service has become a critically important product 

offering for manufacturing companies, and service is part of the manufacturing 

process in today’s integrated PSSs. In other words, servitisation does not only occur 

to end products, but to the whole manufacturing process. For the later, a new way 

of organising manufacturing activities is recognised – service-oriented 

manufacturing. In service-oriented manufacturing, activities in the process of 

creating product offerings for end-consumers are treated as consumable services. 

In a networked service world, the development process of a product relies on the 

synthesis of services available in the cyber-physical world. For instance, Boeing 

proposed the “Design Anywhere, Build Anywhere” initiative for their future aircraft 

development landscape. They adopted a service-oriented architecture (SoA) to 

enable lean business interoperability between design and execution in an extended 

supply chain environment. In the developed Enterprise Service Bus (ESB), just-in-
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time bindings are executed to consume the business service requirements of the 

overall business process (Zigler, 2008). 

2.1.2 Mass Customisation 

With the advent of the Internet era, ecommerce, digital advertising, and social 

networking, consumers are both more informed than ever before about the 

products on the market, and more engaged with each other through social 

communities. Although this creates new challenges for manufacturers to delight the 

increasingly sophisticated consumers, they need to embrace these trends and find 

meaningful ways to create personalised products with the shortest time-to-market.  

The Industry 4.0 initiative highlighted that the future production environment 

needs to allow individual, customer-specific criteria to be included in all phases of 

the product development lifecycle, and enable last-minute changes to be 

incorporated (Kagermann, Helbig, Hellinger, & Wahlster, 2013). Companies with a 

competitive edge should be capable of manufacturing one-off items in very low 

production volumes (batch size of 1), while still making a profit.  

Conscious of such a change, manufacturing companies are motivated to seek new 

ways to streamline internal business processes, reconstruct production lines to be 

more flexible and versatile, and enhance collaboration in global production 

networks.  

2.2 Cloud Manufacturing in a Nutshell 

To achieve great competitive advantages for manufacturers and smooth service-

oriented business interactions for effective delivery of personalised products, the 

concept of cloud manufacturing was proposed in 2009. Cloud manufacturing (Xu, 

2012) is, 

“a model for enabling ubiquitous, convenient, on-demand network access to a shared 

pool of configurable manufacturing resources (e.g., manufacturing software tools, 

manufacturing equipment, and manufacturing capabilities) that can be rapidly 

provisioned and released with minimal management effort or service provider 

interaction.”  
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Cloud manufacturing is a service-oriented, high efficiency and low consumption, 

knowledge-based new mode of networked manufacturing. It aims at facilitating 

manufacturers in minimising their product life-cycle expenses, maximising 

production efficiency, and provide agile accommodation of the available 

manufacturing assets to the variable demands of customers. Cloud manufacturing 

assumes that manufacturers use crowdsourcing and outsourcing models for 

manufacturing operations and supporting services.  

2.2.1 Business Benefits 

Cloud manufacturing enables service-oriented manufacturing, mass customisation, 

and large-scale collaboration via rapidly scalable and deployable manufacturing 

resources over the whole network. The main characteristics of the proposed model 

include on-demand self-service, ubiquitous network access, rapid scalability, 

resource pooling, and virtualisation (Wu, Thames, Rosen, & Schaefer, 2013).  

These characteristics offer enterprises flexibility in managing their businesses. 

With the cloud approach, there is no need for enterprises to make costly upfront 

investments in purchasing manufacturing equipment, maintaining their shop floor, 

and even recruiting specialised engineers. Instead, they can have instant access to 

the most efficient, innovative business technology solutions on a pay-as-you-go 

basis. Derived from the above characteristics, a number of significant business 

benefits can be attained, including: 

 Financial flexibility: cloud manufacturing enables the shift from capital 

expenses to operating expenses. The transformation to metered rather 

than upfront costs offers increased budget flexibility, through 

management of more variable costs, and a much clearer mechanism for 

cost-allocation across the business.  

 Business agility: heavy capital investment in manufacturing industry 

provides little business agility, which has a major impact on the 

profitability of an enterprise. With cloud adoption, this risk can be 

significantly reduced as the cloud offers the flexibility of terminating 
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service provision, based on feedback from a dynamic market and 

changing business goals with ease. 

 Instant access to innovation: technology innovation makes disruptive 

impacts on business growth. However, most SMEs cannot benefit from 

technology advancements because of the upfront capital investment. 

However, shifting to the cloud liberates an organisation’s intellect and 

finances to focus on technology innovation and business upgrades, rather 

than buying or maintaining costly resources. 

2.2.2 Business Processes in a Cloud Manufacturing Environment 

In cloud manufacturing, there are two fundamental business roles, namely service 

consumers and service providers (Figure 2.1).  

 

Figure 2.1 High-level business interactions in cloud manufacturing 

Consumers request manufacturing services from the cloud, while service providers 

receive orders or sub-orders from the cloud environment by outsourcing resources. 

A business entity can have the role of service consumer and service provider at the 

same time, but in one service offering, a business entity can only be in either one of 

the two roles.  

In general, the business interaction can be organised as shown in the following 

IDEF0 diagram (Figure 2.2), consisting of specifications of customised products for 

production, production process modelling and simulation, service encapsulation 

and service delivery. 
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Figure 2.2 Information flow in a cloud manufacturing system 

A service consumer submits an explicit representation of customised products to 

the cloud system, which typically consists of a BOM (Bill of Materials) and 

corresponding design files. These specifications are then processed by the system, 

with assistance from external software applications or operators, and a generic 

product model for production is generated. This process also utilises knowledge 

from the cloud business ontology, manufacturing technology database, 

manufacturing feature schema, and core PDM schema. The product model 

generated is an aggregation of executable manufacturing tasks with nominated 

technologies and processes.  

This generic product model is then relayed to the production process modelling and 

simulation part. This part utilises smart technologies, such as machine learning and 

semantic web-based reasoning, to evaluate the micro-production processes of 

every single task from the perspective of productivity, quality, economics and 

sustainability. Here, resource availability information, resource access policies set 

by service providers, distinctive production processes in different factories, cost 

models, and regional sustainability regulations are taken into consideration. 

Historical records are also used where appropriate. As a result, an optimal 

production plan is generated, with nominated manufacturing resources and 

processes populated. 

Thus far, a unique product model and an execution plan are created for approval 

from the service consumer and the anticipated service providers. Once the 
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recommended production scheme is determined, service contracts are formalised 

based on the SLA (Service Level Agreement) templates in the system. After this, 

every single production task declared in the corresponding sub-contract is executed 

and the final product is then delivered to the service consumer. 

2.2.3 Taxonomy for Cloud Manufacturing 

Since the inception of cloud manufacturing, there has been a surge of research 

interest in developing system frameworks for cloud manufacturing platforms. 

Adamson, Wang, Holm and Moore (2015) provide a comprehensive summary of the 

existing architecture and frameworks of cloud manufacturing. Although these 

platforms differ in complexity, extendibility, and application prospects, they share 

some similarities and provide some guidance for future work. A cloud 

manufacturing system typically comprises a resource layer, an application layer, 

and other layer(s) for translating manufacturing resources to a manufacturing 

service, regardless of its architecture. So far, there has been no report on a fully 

developed cloud manufacturing system. However, these partially developed 

systems (Rauschecker, Stöhr, & Schel, 2013; Tao, Zhang, Venkatesh, Luo, & Cheng, 

2011; Wu et al., 2013; Zhang et al., 2012) carry key features of cloud manufacturing 

and provide some technical insights into implementing cloud manufacturing. 

From the technical perspective, cloud manufacturing is an aggregation of various 

technologies, including data acquisition, service-oriented architecture, cloud 

computing and so forth. Some of these can be seen as core technologies, others as 

supporting functions. With a proper taxonomy, the research scope and trends can 

be analysed, system capabilities can be observed systematically and future research 

directions can be identified. 

The proposed taxonomy is based on the object-oriented approach. The intention is 

to introduce the essential functions for cloud manufacturing, to recommend feasible 

technologies, and to highlight the inter relationship between different functional 

modules. This taxonomy focuses on the key functions of cloud manufacturing, 

although some functions not listed may also be needed. Figure 2.3 shows the 

taxonomy of key functions of a cloud manufacturing system. The layers of 
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‘Functionality’, ‘Sub-Functionality’ and ‘Sub-System’ are designed to define different 

aspects of a system. ‘Functionality’ denotes necessary functionalities of a system, 

which may have ‘Sub-Functionalities’. All the functionalities are divided into two 

categories; manufacturing resource-related functionalities and manufacturing 

service-related functionalities. The former refers to supporting technologies for 

identifying, virtualising, integrating, and allocating manufacturing resources. The 

latter represents the assurance around provisioning cloud service from both the 

technical and management aspects. ‘Sub-System’ encapsulates various types of 

cloud system, such as the NC Machining Cloud. Each sub-system has its own 

functionality related to its targeted domain and scope of different characteristics. A 

sub-system inherits all the functionalities of its parent system(s). For instance, an 

NC Machining Cloud is capable of performing metal cutting functions such as tool-

path generation, machining simulation, and actual cutting, as well as all other 

functionalities defined under cloud manufacturing. Other extended systems, such 

as the resource monitoring system, ERP system, and PLM (Product Lifecycle 

Management) system, can also be integrated to provide essential information 

required by certain functions. In this way, other existing infrastructures or 

deployed systems can be applied when upgrading to a cloud manufacturing system. 

 

Figure 2.3 Hierarchical structure of cloud manufacturing systems 
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2.2.4 Deployment Modes 

Four types of cloud deployment mode (public, private, community, and hybrid 

cloud) are ubiquitous as a single point of access (Table 2.3). Different types of 

deployment mode suit different situations.  

Table 2.3: Deployment modes in cloud manufacturing 

Cloud Modes Definition Industrial Practice 

Private cloud 

A centralised management effort in 
which manufacturing services are 
shared within one company or its 
subsidiaries 

FRAMECAD (FRAMECAD Ltd., 
2014) 

Community cloud 

A collaborative effort in which 
manufacturing services are shared 
between several organisations from 
a specific community with common 
concerns 

Aerospace cloud 
manufacturing service 
application mode (Wu, Shi, 
Hou, & Yang, 2012) 

Public cloud 
A set of manufacturing services in 
which manufacturing services are 
available to the general public 

Cloud platform for SMEs 
(“Cloud manufacturing 
platform for SMEs,” n.d.) 

Hybrid cloud 

A mixture of two or more clouds 
(private, community or public) that 
remain distinct entities, offering the 
benefits of multiple deployment 
modes 

None 

 

The public cloud realises the key concept of sharing the services with the general 

public in a multi-tenant environment. “A public cloud platform for SMEs” (n.d.) has 

been developed, to provide an interactive environment for manufacturers to 

publish their capabilities, and customers to submit their requests. 

The private cloud resides within one company or its subsidiaries. Mission-critical 

and core-business applications are often kept in a private cloud. FRAMECAD 

(FRAMECAD Ltd., 2014), an end-to-end design-and-build solution provider using 

light-gauge steel framing, released their private cloud solutions in early 2014 to 

manage their products and services online. Their MyFRAMECAD solution is a 

customer-focused online network to support mass localisation of the FRAMECAD 

certified building system; it supports centralised management of building projects 

and geographically dispersed machine tools in the cloud.  
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The community cloud is shared between several organisations belonging to a 

specific community. Wu, Shi, Hou and Yang (2012) proposed a cloud manufacturing 

system to encourage efficient business collaboration by incorporating the 

distributed resources of different aerospace companies.  

The hybrid cloud is a composition of two or more clouds (private, community or 

public) that remain distinct entities but are also bound together, offering the 

benefits of multiple deployment modes. To the authors’ best knowledge, there is no 

feasible hybrid cloud mechanism up to now. 

In reality, market change or business upgrades occur in almost every company. This 

means a company has to switch to another suitable resource sharing model, if it 

needs to carry out business collaboration with a set of companies different from its 

current business partners. Thus, a company may incorporate multiple deployment 

modes at the same time, for the best interests of its in-house resources. Therefore, 

there is a need to develop a cloud environment that is able to respond to market 

changes and enables companies to create different cloud modes that suit their 

business situations. 

2.3 Research Dimensions of Cloud Manufacturing 

Cloud manufacturing has inspired a new generation of research effort on product 

data modelling, service modelling, service composition, privacy and security and 

other topics, for the construction of a global service-oriented manufacturing 

environment. This section chooses several key research issues in cloud 

manufacturing and highlights the research questions of each. 

2.3.1 Service Request Representation 

In cloud manufacturing, business interactions are carried out on a project basis. 

Customised service requests are raised by service consumers with specifications on 

product characteristics, manufacturing process, organisation information, financial 

expectations, and logistics. The service request is used in all activities in a cloud 

manufacturing system, from product specifications all the way down to service 

delivery. 
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Based on the business process discussed in Section 2.2.2, the following 

requirements on product models in a service-oriented business environment are 

extracted as follows:  

 the product model should be extendable to allow customised modelling 

of a product 

 the product model needs to be capable of representing various aspects of 

a cloud-based manufacturing business, including but not limited to 

product characteristics (e.g., geometry, materials and functionalities), 

quality constraints, manufacturing process specifications (e.g., 

nominated manufacturing resources and manufacturing processes), 

organisation information, cost expectations, and logistics requirements 

 the product model should include the minimum data that is just-enough 

for system processing requirements and effective business interactions 

 the product model should be human-readable as well as machine-

readable; for the latter, it often pertains to web environments, such as 

JRE (Java Runtime Environment), CLR (Common Language Runtime), and 

DOM (Document Object Model) environments 

 the product model should be able to support portable data exchanges and 

archiving 

 the product model needs to be able to support a distributed data 

environment, allowing different sets of data segments to be integrated 

and reused 

There has not been much research on developing data models for representing 

personalised service requests in a cloud environment. Most of the research work 

assumes one-to-one mapping between service requests and available services in 

the cloud. The service retrieval process, in this case, has to filter services based on 

predefined metrics such as QoS (Quality of Service), price, and availability. In a more 

advanced scenario, users may have much more complex manufacturing requests, 

where there is no single service available to fulfil the requirements. Successful 



Chapter 2 – Cloud Manufacturing 

24 

 

delivery of service requires the  incorporation of sub-services from multiple service 

providers. In that case, description of customised service requests becomes 

important. Although there has not been much work on this, there is some work on 

product modelling that can give inspiration.  

A direct approach to product data modelling is to adopt a neutral data format for 

data management throughout the development life-cycle. As a typical example, 

STEP (ISO 10303) (ISO, 1994) is used to represent product data through the life 

cycle of a product. The product models in STEP are specified in EXPRESS, a 

modelling language that combines ideas from the entity-attribute-relationship 

family of modelling languages, with object-oriented modelling concepts. The 

technical objective of STEP is to enable the communication of product data between 

heterogeneous systems. There are currently at least three implementation methods: 

(1) a product model specific file format called the Part 21 physical file, (2) a variety 

of programming language bindings, including bindings for C, C++, and Java, (3) and 

an XML (Extensible Markup Language) representation of EXPRESS and data. 

STEP contains different APs (Application Protocols) to provide data models for 

targeted applications, activities or environments. Some of the STEP protocols have 

been implemented in most of the CAx (Computer-aided Technologies) and PDM 

systems. To achieve better integration through the CAD (Computer-aided 

Design)/CAM (Computer-aided Manufacturing)/CNC (Computer Numerical Control) 

chain, a system was proposed, based on STEP data models (Valilai & Houshmand, 

2010). In addition to product development-centric data integration based on STEP, 

PDM systems are proposed that share product information via STEP standards. A 

STEP-compliant PDM system was developed to meet the demand for logically 

integrated product data, which are physically stocked in a distributed environment 

(Yang, Han, Grau, & Mun, 2009). In this system, a STEP-based PDM schema was 

proposed to represent and exchange product data among heterogeneous PDM 

systems. Realising the necessity of exchanging product data over the Internet, 

Makris, Xanthakis, Mourtzis and Chryssolouris (2008) developed an approach to 

providing data integration over the Internet via XML file. This research combines 

the STEP standard into the XML format, allowing data integration among 

decentralised business partners. 
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Although STEP provides a communication mechanism for data exchange between 

heterogeneous systems, the lack of semantics and the complexity of the EXPRESS-

based definitions impose challenges on the extensibility and applicability of data 

exchange (Zhao & Liu, 2008). To be specific, these textural-based ISO standards are 

undesirable in a cloud-based environment. 

 manufacturing businesses in a cloud environment require organisations 

to share product data, even though the product data from these 

companies tend to be represented in different data semantics. Semantic 

expression is, therefore, a necessity for data sharing in a cloud 

environment; ISO standards are unable to consistently express semantic 

information of product data 

 although these ISO standards include organisation data provided by 

relationships between enterprises, or between components of a single 

enterprise for the purpose of supplier identification, they exclude 

business planning data such as costs, logistics, and any other data that 

are essential for service execution and delivery 

 STEP files require a reasonably closed interpretation environment built 

upon relevant APIs (Application Programming Interface). The 

complexity of its data structure also depreciates the interpretation desire 

of humans 

Other mainstream activities in developing descriptions of products or 

manufacturing services for collaborative product development concentrate on 

extending service-oriented description languages, such as WSDL (Web Service 

Definition Language), WSMO (Web Service Modelling Ontology), SoaML (Service 

oriented architecture Modelling Language), and OWL-S, to model products or 

manufacturing services over the Internet. More importantly, semantic web 

technologies, an extension to the existing World Wide Web, are employed to 

enhance modelling capability. The semantic web provides a common framework 

that allows data to be shared and reused across application, enterprise, and 

community boundaries. In the semantic web, web documents are properly linked 
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to corresponding terms in a shared vocabulary, where concepts of a domain are 

defined and their relationships are clarified. This vocabulary can also be referred to 

as an ontology. Ontologies formally represent knowledge as a set of concepts within 

a domain, using a shared vocabulary to denote the types, properties and 

interrelationships of those concepts. 

Panetto, Dassisti and Tursi (2012) discussed the approach of using an ontology to 

formalise the knowledge related to product technical data. Similarly, Dong, Yang 

and Su (2011) proposed an ontology-based approach for the PSS configuration. In 

this approach, value attributes of PSS are extracted, based on an analysis of 

customer demands, and these attributes are modularised based on the PSS ontology. 

The product-service configuration rules are represented in OWL (Web Ontology 

Language) and SWRL (Semantic Web Rule Language).  

Although a considerable amount of work has been carried out in applying web 

service and semantic web technologies to assist data management and integration 

in the manufacturing domain, these efforts only concentrate on the proposition of 

technical aspects of a manufacturing service, and the proposed data model does not 

contain the specifications of downstream manufacturing services such as costs, 

project timeframe and logistics. However, these definitions can be found in other 

data models in a more general domain. For instance, USDL (Unified Service 

Description Language) was proposed for describing general parts of technical and 

business services, to allow services to become consumable (Kona et al., 2009). It is 

a holistic service description with a special focus on business aspects such as 

ownership and provisioning, release stages in a service network, composition and 

bundling, pricing and legal aspects, in addition to technical aspects (Kadner et al., 

2011). However, this master model for services does not provide sound execution 

mechanisms for the effective downstream production management cloud 

manufacturing requires. 

From the literature, we can see that there is no single data model that can meet the 

requirements for product description in a service-oriented manufacturing 

environment. However, existing efforts demonstrate that an ontological approach 

for customised product specification is able to provide a rigorous mechanism for 
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cross-company and cross-domain data integration in a cloud manufacturing 

environment. This is because it enriches semantics, reusability and interoperability. 

Concepts from various ISO standards and ontologies can be used as fundamental 

inputs for the proposed ontology, although these protocols may not be directly 

applicable to cloud manufacturing scenarios. 

2.3.2 Resource Virtualisation 

Cloud manufacturing builds on a large-scale pool of virtual manufacturing 

resources. Resource virtualisation is one prerequisite for achieving cloud 

manufacturing, because it determines the robustness of a cloud manufacturing 

system (Xu, 2012). After being virtualised and encapsulated as cloud services, 

manufacturing resources can be consumed in a cloud environment. Critical issues 

for this are manufacturing resource modelling and manufacturing service 

description. 

Compared with resource virtualisation in cloud computing, virtualisation in cloud 

manufacturing is much more challenging, due to the following considerations (Liu 

& Li, 2012): 

 it is complex to establish an integrated model for representing complex 

manufacturing resources & capabilities 

 resource description should be comprehensive enough to ensure fine 

accommodation to various granularity aspects of manufacturing 

demands 

 the current standards related to web services and the semantic web 

cannot be applied to manufacturing resources directly, because the 

meaning and usage of manufacturing services are different from 

traditional web services. A lot of critical knowledge in the manufacturing 

domain cannot be well represented in existing service description 

methods. 

As with service request representation, standards such as STEP were recognised as 

playing an important role in manufacturing resource modelling (Laguionie, Rauch, 
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Hascoët, & Suh, 2011). However, STEP standards are mainly for product data 

modelling. A more relevant set of standards is ISO/TS 13399 for cutting tool data 

representation and exchange (ISO, 2014b). What is disappointing is that these are 

more focused on the geometric aspects of a cutting tool. There is very little work in 

existing standards representing the semantic information of a manufacturing 

resource. 

To enhance semantic modelling, Jang, Jeong, Kulvatunyou, Chang and Cho (2008) 

defined manufacturing service capability profiles using OWL, and presented a 

reasoning procedure for matching queries to service description-based description 

logic. Similarly, Ameri and Dutta (2008) described manufacturing services in MSDL 

(Manufacturing Service Description Language). In this research, a collection of 

concepts were developed for manufacturing service description by dispersed users 

from different communities, based on their needs. In Hu, Xu, Cao and Zhang (2013), 

the effect of granularity factors on manufacturing resource virtualisation is 

discussed. Service providers need to describe in detail the functionality of a 

resource at different granularity levels. Before the virtualisation of resources, the 

granularity levels, the resource categories in each granularity level and the virtual 

models of each kind of resource need to be defined. Recognising the need for 

scalability in resource virtualisation, Liu and Li (2012) presented a multi-

granularity manufacturing resource model to describe manufacturing capabilities 

at different granularity levels. By describing these, the proposed model provides 

sufficient information for manufacturing demands from different collaboration 

levels. Requirements and an architecture for virtualising manufacturing capabilities 

in the cloud are also discussed in Wang and Xu (2014). The relationships between 

resources, capabilities and services are described, and an approach for capability 

virtualisation is proposed. A more systematic model for describing manufacturing 

equipment resources is provided in Zhao, Liu, Xu and Gao (2013). They described 

manufacturing capability from two aspects: static functional capability and dynamic 

production capability, using the ontological method. Functional capabilities are 

stationary and describe what kind of work a machine can perform, whereas 

production capability reflects the performance of a machine during a given time.  
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It is recognised from past research that there is a need to develop an integrated 

description framework to describe manufacturing resources and capabilities to the 

correct level of detail. In such a description model, the physical attributes and 

functional attributes of a manufacturing resource should be specified explicitly. 

Apart from this, engineering knowledge and IP are also very important aspects in 

designing a resource virtualisation mechanism. It is obvious from past research that 

there is no single best resource virtualisation mechanism that can embed related 

process know-how into the resource profile and ensure this knowledge is in a 

secure form, without leaking any significant IP. Basically, every manufacturer has 

their own version of recommended processes for using the same resource though 

sometimes the supplier of the resource provides official manuals. This unique 

know-how is very often regarded as one of the core assets in a company. In addition, 

process know-how is critically important supporting information in mapping 

manufacturing requests with specific manufacturing resources. Without accurate 

understanding of what a resource can do in a company, it is difficult to assign a 

manufacturing resource to incoming manufacturing requests with a high accuracy 

level. Thus, it may be important for a cloud manufacturing system to consider these 

conflicts and come to a compromise solution that will be acceptable to most service 

providers. 

2.3.3 Service Composition 

Service composition is perhaps the most important step in linking service requests 

with distributed manufacturing resources. In this process, optimal manufacturing 

services are selected to map with the service requests. There are three different 

mapping methods, one-to-one, many-to-one, and one-to-many (Xu, 2012). 

One-to-one mapping is the simplest situation, and applies to manufacturing 

resources that can only provide a single function and can therefore be directly 

encapsulated into one service. In this case, the process of mapping service requests 

with manufacturing services is a simple matching process, from the aspects of 

functional requirements and non-functional requirements. In this process, semantic 

distance is usually used, to measure the similarity between a service request and 

services available (Jiao, Zhang, Li, & Shi, 2015). In the manufacturing cloud, there 
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exist a lot of services with similar functional characteristics. It is important to select 

the optimal resource combination, based on non-functional characteristics or QoS. 

However, QoS attributes are not easy to measure, due to their complexity. In Tao, 

Zhao, and Zhang (2010), the authors proposed using intuitionistic fuzzy set to 

evaluate QoS, based on user preferences and transaction feedback. In addition, the 

dynamics of non-functional QoS were considered and a time-decay function was 

introduced into non-functional QoS evaluation. 

In a many-to-one mapping situation, multiple resources may be combined in a 

meaningful form to create a more powerful service. This combination process is 

called service composition. At the user end, such a combination of multiple 

resources is invisible. This service provision scenario is perhaps the most useful 

case in real applications. It is very useful when no single manufacturing service in 

the cloud can fulfil a complicated request from a consumer. In this case, it requires 

the cloud environment itself to compose an optimal set of service units as a more 

powerful service.  

However, most existing studies related to QoS-based service aggregation assume 

that these services to be aggregated are independent of each other, and the service 

aggregation evaluation models ignore any correlation between the services, which 

directly leading to inaccuracy in the evaluation of QoS of aggregation services. Jin, 

Yao and Chen (2015) discussed the dependency relationship between different 

services and proposed a service correlation mapping model to calculate correction 

QoS values among services automatically. Xu et al. (2015) considered three kinds of 

correlation and presented the correlation-aware QoS model of aggregation service 

on three levels. In this research, an improved discrete bees algorithm based on 

Pareto was proposed for composing manufacturing services. The method presented 

adopts a novel neighbourhood searching mechanism underpinned by variable 

neighbourhood searching to improve its exploitation ability.  

In the above studies, the main criteria for selecting optimal services is QoS, which 

may consist of cost, delivery time, user satisfaction etcetera. Almost all of these 

studies assign different weights to these attributes and convert the multi-objective 

optimisation problem into a single-objective optimisation problem. However, this 
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linear weighted method can result in large values of non-standardisation error (Cao, 

Wang, Kang, & Gao, 2016). Therefore, Cao et al. (2016) used a fuzzy decision-making 

theory to transform TQCS (time, quality, cost, and service) values into relative 

superiority degrees. The four relative superiority degrees are then combined 

linearly into an overall objective, in which the weight coefficients are calculated 

through an analytic hierarchy process.  

Cloud manufacturing is very different from cloud computing in some aspects. For 

instance, many of the manufacturing services rely on the physical transmission of 

objects between different locations. Therefore, QoS itself cannot adequately 

simulate the complexity in practical application scenarios. Recognising the need for 

consideration of more practical factors, Lartigau, Xu, Nie and Zhan (2015) took 

common aspects of cloud services into consideration, such as QoS parameters, but 

extended their scope to the physical location of manufacturing resources. They 

proposed a method based on QoS evaluation, along with the geo-perspective 

correlation from one cloud service to another, from a transportation impact 

analysis.  

When there are an overwhelming number of services in the cloud, service mapping 

can become even harder. Thus, it is important to organise services properly and 

recommend reputable services. Fan et al. (2014) proposed a service cluster method 

to cluster services into specific domains. A unified reputation propagation method 

was proposed to calculate the reputation of services and to distinguish reputable 

services in each domain. Then, a domain-aware reputable service recommendation 

method was introduced to recommend highly reputable services in each domain to 

consumers, by combining the above two methods.  

Service composition has been recognised as one of the most important aspects of 

cloud manufacturing and service-oriented manufacturing research. With the goal of 

mapping service requests and distributed resources in the cloud, quite a few factors 

need to be considered in the service composition process. These factors include 

delivery time, cost, quality, etcetera. For non-functional factors, they are often 

converted into a QoS attribute. In one-to-one mapping, a simple semantic match is 

often used to identify any similarity between a service request and available 
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services. In a many-to-one mapping, advanced optimisation algorithms are often 

used to find the optimal combination of services for a complex service request. 

However, practical engineering knowledge has not been utilised to a desirable level 

in service composition. In a practical engineering environment, decisions on 

production management and scheduling often rely on accumulated know-how from 

past experience. In a cloud manufacturing environment, practical engineering 

knowledge from different service providers should be used as one of the main 

decision-making rules for service composition. However, incorporating practical 

engineering knowledge from service providers is a challenging task. This is because 

the best practice of production process at a workshop often stems from years of 

evolution constraint on its in-house resources, and this knowledge can be very 

different at different workshops. This means using a standard knowledge base for 

processing manufacturing requests cannot be the best approach, as the resultant 

process plans could potentially be in conflict with best practice at some workshops. 

Therefore, more work is needed to explore optimal methods of incorporating 

distributed engineering knowledge into decision-making, to ensure the best match 

between service requests and available services in the cloud. 

2.3.4 Privacy and Security 

Data security is one of the bottlenecks that hinders the application of cloud 

manufacturing (Xu, 2012). The research on security and privacy management in 

cloud manufacturing is still at an early stage, because things are more complicated 

in a cloud manufacturing environment than typical web environment.  

Research on information security has been one of the pillars of advanced IT systems. 

In recent years, research on information security has extended to the cyber-physical 

environment, with more focus on security mechanisms for prevention, detection 

and recovery, resilience and deterrence of attacks in a cyber-physical environment 

(Cardenas et al., 2009). Results from this research could provide general 

implementation guidelines for cloud manufacturing. However, there are more 

specific privacy and security requirements in a cloud manufacturing environment. 

Xu (2012) pointed out that manufacturers are very concerned about the 

confidentiality and privacy of their data.  
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Kim, Cera, Regli, Choo and Han (2006) proposed a multi-level modelling technique, 

based on feature-based modelling and mesh simplification, to enable information 

protection in computer-aided collaborative design. When a team of designers works 

collaboratively on a 3D assembly model, a component of the assembly is presented 

in full detail to those who have full access privileges to the component, but at an 

abstract level of detail to those who have fewer access privileges. Such levels of 

detail are in two phases: volumetric feature removal, achieved through interactive 

feature recognition on the CAD model, and multi-resolution mesh construction, 

which is based on polygonal simplification. Appropriate representations of the 

assembly are extracted by direction of access matrix, and then presented to the 

users participating in collaborative design.  

In a more recent research, Deng et al. (2012) proposed an original approach to 

decompose product structures, for the purpose of controlling IP leakage risk in 

supply chains using a design structure matrix. A design structure matrix is 

employed to study the potential risk of IP leakage, and considered different types of 

interaction between product components. Based on such a matrix, a clustering 

algorithm is developed to decompose and allocate the product components, having 

regard to IP protection issues. This methodology can be considered as a decision 

support tool to help the manufacturer select a set of optimal suppliers, while 

minimising information leakage risks and manufacturing costs. 

To protect IP information in product design files in a cloud manufacturing 

environment, an innovative partial encryption approach was proposed to represent 

a CAD model into different granularities of information, for different users with 

different access rights (X. Cai, Li, He, & Li, 2015). In this method, a CAD model can 

be flexibly encrypted to realise partial sharing of features and safe protection of the 

rest of the model, according to collaboration requirements. Meanwhile, during 

encryption and decryption, the CAD model is always manifold, no matter which 

feature is encrypted or decrypted, to ensure the user friendliness, model validity, 

and robustness of the approach.  

Data protection in a collaborative engineering environment is a significant issue 

that has received an increasing amount of attention in recent years. Prior studies 
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paid much attention to data encryption for sensitive data exchange. Even though 

the reported encryption technologies have demonstrated some good applicability 

in a cloud manufacturing environment, to protect core IP information within a 

product design, we still need more systematic technological solutions to protect 

sensitive data from all parties involved in the network. The needs of service 

consumers and service providers need to be valued. Thereafter, a set of business 

processes that are equally secure for any stakeholders can be constructed. In this 

process, the main challenge is to balance the need to share manufacturing 

information and product data for successful service provision with the strong desire 

to keep proprietary information.  

2.4 Literature Summary 

In the area of cloud manufacturing, it was found that placement of a good cloud 

manufacturing environment can positively facilitate rapid development of highly 

personalised products in a global environment. It is envisioned that a cloud 

manufacturing environment will enable intelligent provision of custom 

manufacturing services for personalised requests. There has been rapidly growing 

R&D interest in developing enabling technologies for implementing cloud 

manufacturing. 

In service request representation, the main focus is to develop an easy-to-use data 

model to describe highly personalised service requests. It is recognised that the 

service request data model for cloud manufacturing is an evolution of existing 

product data models with more focus on specifications of quality constraints, 

manufacturing processes, cost expectations, etcetera. In terms of data formats, 

there is research suggesting the use of EXPRESS language – the backbone language 

of the STEP/STEP-NC data model. The merit of this approach is its potential to 

integrate cloud manufacturing work with the research efforts on CAD/CAM/CNC 

promoted by STEP/STEP-NC researchers. However, this data format has proved not 

well-suited to the cloud manufacturing environment, because of a lack of semantics, 

a closed interpretation environment and redundant information. A potential way 

forward is to utilise recommendations from the W3C (World Wide Web Consortium) 

for service data representation using rich semantics. Following this path, quite a 
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few studies have tried to use semantic web technologies for representing 

manufacturing-related data. The results showed promising applicability in the 

modern web environment. It should be noted that knowledge sources are very 

critical for the feasibility of the resultant data model, regardless what data format 

is being used. Therefore, consolidating concepts from existing ISO standards and 

best practice in the target domain should be the focus of this research direction. 

Resource virtualisation resembles service request representation; the main goal is 

to establish an integrated model for representing complex manufacturing resources 

and capabilities. It is recognised as a much more challenging task than that for cloud 

computing. Standards will still play an important role. Standards such as ISO/TS 

13399 should be utilised in developing a manufacturing resource data model. It has 

been suggested that the functionality of a resource should be described at different 

granularity levels, so that the right set of information can be displayed for service 

mapping at different granularity levels. It also has to be noted that the data model 

should more focus on what-can-do information about a resource, not just the 

physical information specified in the product manual. However, prior studies 

indicate that proprietary process know-how cannot be specified as one of the 

elements for resource virtualisation. More work is still required to explore this 

optimal resource virtualisation mechanism.  

A great amount of research interest has also been paid to service composition. In 

general, there are three mapping relationships between service requests and 

services, one-to-one, many-to-one, and one-to-many. One-to-one mapping is the 

simplest situation, where one manufacturing service can meet the requirements of 

a service request. In this case, the service composition is simple matching for 

functional requirements and non-functional requirements. Semantic-based 

distance measurement is often used in this situation. When dealing with more than 

one aspect related to non-functional characteristics, an attribute called QoS is often 

used to evaluate the overall performance of a service. In a many-to-one mapping 

situation, multiple services/resources are combined to serve one service request. 

Typical multi-objective optimisation algorithms, such as generic algorithms, bees 

algorithms, and particle swarm algorithms can be used in this case. However, there 

are problems when assigning weights to different factors that contribute to the final 
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QoS. The linear weighted method can result in large values of non-standardisation 

error. To implement cloud manufacturing in real industrial settings, engineering 

knowledge from service providers should be utilised in service composition. In 

addition, other practical constraints such as logistics need to be considered as well. 

Data security in a cloud manufacturing environment has been recognised as one of 

the main barriers to industrial implementation. In a cloud manufacturing 

environment, manufacturers are highly concerned about the confidentiality and 

privacy of their data. A data encryption approach can be used to create different 

views to different stakeholders with different access privileges. In addition, the 

control of IP leakage risks in a collaborative environment is also an important 

aspect. Even though the reported technologies have shown some good potential in 

IP protection, there is still a strong need for the placement of a systematic solution 

to protect the interests of all parties in the network. More research effort should be 

placed on the construction of a secure business process.  

2. 5 Research Gaps and Motivations 

The thorough examination of cloud manufacturing literature has provided a good 

understanding of research developments and trends, and has also helped identify 

the limitations of current studies and untapped research potential in this area. One 

significant limitation that has been noted is the lack of support for the 

implementation of research findings in practical applications, to enable rapid 

production of personalised products in a global manufacturing environment. Most 

studies discussed the characteristics of cloud manufacturing, generic system 

architecture and enabling technologies based on theoretical settings. There are still 

several research questions to be resolved for real industrial implementation. For 

example, past studies have suggested that the implementation of cloud 

manufacturing could speed up the development of highly customised products, 

because cloud manufacturing enables rapid configuration of global manufacturing 

resources for production at changing scales. However, these studies are still at a 

strategic level; very few support or useful tools are provided to help companies 

define manufacturing requests for personalised products. An interface is needed to 
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help service consumers define service requests and communicate in a cloud 

manufacturing environment. 

A similar problem exists in the processes of service composition identified in the 

literature. Service composition in a cloud manufacturing environment has been 

seen as a typical multi-objective optimisation problem and the main cluster of 

solutions is adapted versions of conventional optimisation algorithms. A number of 

additional factors have been identified as important to consider in service selection 

and composition, such as heterogeneous engineering knowledge from service 

providers. In an industry setting, these kinds of decision are often made by 

experienced engineers using accumulated expertise. To take cloud manufacturing 

through to industrial implementation, this factor has to be incorporated as one of 

the main decision support methods. Moreover, this knowledge-based decision 

support system should be able to adjust service provision plans, based on up-to-

date resource availability information.  

Lack of satisfactory solutions for protecting sensitive data in the cloud is also 

another aspect that hinders industrial adoption of cloud manufacturing. Data 

encryption and multi-level access have been suggested. Yet the application of this 

method is not adequate for industrial deployment. The data protection problems of 

different stakeholders are not well-addressed in existing research. Consequently, 

there is a need to develop a practical solution that maximises every stakeholder’s 

confidence in data security in the cloud.  

Furthermore, when it comes to industry implementation, different strategies may 

suit companies with different characteristics. One company may need different 

cloud deployment modes in different business environments. This means 

changeability is a critically important requirement for a cloud manufacturing 

environment; a company should be eligible to change between different cloud 

deployment modes easily. However, research in this regard is very limited and there 

is even limited research suggesting deployment guidelines for companies in certain 

environments.  
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Based on the discussion on aforementioned issues, a key research gap has be 

identified in the implementation of cloud manufacturing in practical applications, 

due to unaddressed issues faced by industry users in the implementation process. 

More specifically, motivations for conducting this research are outlined as follows: 

1. The prerequisite to getting manufacturing services for a consumer is to 

allow explicit representation of service requests. Research is required to 

develop a versatile data model to enable specifications of highly 

personalised products for production. Work in this area should make use 

of relevant industrial standards and domain knowledge. 

2. Challenges on virtualising manufacturing resources and capability at 

multiple granularity levels need to be properly addressed. Custom know-

how on individual resources should be properly specified as part of the 

virtual profile of a resource, and this information should be used as 

baseline knowledge in resource mapping. 

3. Further research is required to investigate industrial user requirements 

on knowledge management, and methods to utilise engineering 

knowledge, in the process of service composition. Incorporating 

distributed engineering knowledge from different parties such as 

governing bodies and service providers into the overall decision-making 

process would take the current research a large step close to industrial 

implementation. 

4. Changeability in cloud deployment modes is another key motivation 

behind this research. Successful industrial implantation of cloud 

manufacturing needs the ability to switch between different cloud modes 

(public, private and community clouds). 
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Chapter 3  

The MCloud System 

Framework 

This chapter introduces the proposed system framework for a hybrid cloud 

manufacturing environment. The motivation behind the system design is explained, 

followed by an overview of the system framework and the modules that make up 

the framework. Details about the system design and development approach taken 

are also provided. Contents of this chapter have been adapted from Lu et al., (2014). 

3.1 Introduction 

The key objective of the MCloud project was the development of a hybrid cloud 

manufacturing environment that could be used to help companies with redundant 

resources provide manufacturing services, and give companies with service needs 

the opportunity to consume manufacturing services through rapid development of 

highly customised products. In a broad sense, manufacturing services in the cloud 

can cover all the value-creation processes of a product life cycle, such as design, 

fabrication, and testing services. However, the focus of this research is on the 

production stage of the product life cycle, and the motivation is to bridge the gap 

between the current research in this area, and practical application of the results in 

industry.  From the literature review provided in Chapter 2, it was identified that 

the majority of cloud manufacturing research can be categorised into several 

dimensions. Of these, the dimensions of service request representation, resource 
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virtualisation, service composition, data security and deployment mechanism are 

particularly significant to the industrial implementation of cloud manufacturing. It 

has to be noted that one of the key issues in this research project is the usability of 

the developed system. Using key concepts from these research dimensions as a 

starting point, the specifications and framework of a hybrid cloud environment for 

service-oriented manufacturing businesses was developed. 

3.2 System Overview 

Cloud manufacturing is an environment that merges the physical world with the 

cyber world, and, consequently, provides manufacturing services by employing the 

underlying manufacturing resources. In terms of the architecture of a cloud 

manufacturing system, it consists of N-tier architecture linking physical 

manufacturing resources to virtual service applications in the web environment. 

Typically, a cloud manufacturing system includes a resource layer, a virtual 

resource layer, a global service layer and an application layer (Xu, 2012). However, 

a hybrid manufacturing cloud needs additional module(s) dedicated to managing 

all the resource-sharing policies defined by the service providers in the cloud 

(Figure 3.1). In this research, a Cloud Management Engine is proposed to manage 

user-defined clouds. The following section briefly analyses the N-tier architecture 

and highlights the role of a Cloud Management Engine in a hybrid cloud 

environment.   

Design Capability Management Capability Equipment Raw Material Knowledge Software Engineer

Virtualisation

Service 
composition

Service analysis 
and execution

Cloud Management Engine

Cloud Service

Consumer

 

Figure 3.1: Service provision in a hybrid cloud manufacturing environment 
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The Resource Layer contains manufacturing resources and manufacturing 

capabilities (Figure 3.2). Manufacturing resources can be of two sub-types; soft 

resources and hard resources. Soft resources include software, knowledge, 

standards, employees, etcetera, whereas hard resources refer to facilities critical to 

the production process. Manufacturing capability reflects the ability of a business 

to undertake a certain task. This capability includes design, experimentation, 

production, and management capabilities. 
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Figure 3.2: Overview of manufacturing capability and resources 

Through virtualisation, these manufacturing capabilities and resources can be 

abstracted into the virtual resource pool. The key steps are to (a) identify 

manufacturing resources, (b) virtualise them, and (c) monitor their status in real 

time. Resource information and its availability status are transmitted to the Global 

Service Layer when requested. 

These resources can then be composed as manufacturing services to serve 

customised manufacturing requests. After a service is configured for a service 

request, service monitoring and post-analysis can be triggered to ensure delivery of 

high quality service. Once a service is unavailable for some reason, other services 

can be scheduled as backup. Other essential functions, such as service billing and 

security management, are also handled at this point.  
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For a typical cloud environment, these services can then be directly provided to end 

consumers. However, a hybrid manufacturing cloud needs access control. Resource 

sharing in cloud manufacturing is conditional: each service provider makes 

resources available, subject to constraints on who, when, where and what can be 

done. The implementation of such constraints requires mechanisms for expressing 

policies, establishing the identity of a consumer, and determining whether an 

operation is consistent with applicable access policies. In MCloud, the Cloud 

Management Engine is for this purpose, allowing explicit access control 

management for each manufacturing resource in the cloud. 

3.3 System Architecture 

As illustrated above, a hybrid cloud manufacturing environment requires a set of 

modules to virtualise manufacturing resources, composite manufacturing services, 

analyse service provision, control business logic, and monitor business interactions. 

In terms of more detailed system functions, additional functions are needed. These 

include analysing customised service requests, integrating distributed engineering 

knowledge, etcetera. Due to the breadth of this research project, and for the 

extensibility of the final solution, it was decided the proposed system would be built 

upon Service-oriented architecture (SoA) (Figure 3.3). SoA is an architectural 

pattern in computer software design, in which application components provide 

services to other components via a communication protocol (Erl, 2004). It 

eliminates the communication barrier between different software and hardware 

agents. One of its great benefits is that the end solution is loosely coupled, and it can 

be easily customised to a company with unique IT system integration requirements. 

The ease of integrating with existing IT systems in a complex enterprise is very 

critical to maximising designed benefits of the proposed system. Therefore, the 

proposed system was designed to isolate independent software modules as 

separate web services. In MCloud, all the web services are encapsulated as RESTful 

services. Representational State Transfer (REST) is an architectural pattern for 

developing web services (Fielding & Taylor, 2002). REST web services typically 

communicate over Hypertext Transfer Protocol (HTTP), with the same HTTP verbs 

(GET, POST, PUT, DELETE, etcetera) web browsers use to retrieve web pages and 
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send data to remote servers. The fundamental modules in MCloud include: product 

parser, resource virtualisation, access control, plan generator, and knowledge 

building modules. 

Web Service

Product Parser Resource Virtualisation Access Control

Database

Plan Generator

Knowledge 
Repository

Knowledge Building

Presentation Layer

Common Data Interface

Design Capability Equipment Raw Material Knowledge Engineer

Consumer Manufacturer
External System

REST

Data Access Layer

REST REST REST REST REST

 

Figure 3.3: MCloud architecture 

3.3.1 Presentation Layer 

There are several kinds of stakeholder that can access MCloud, including consumers, 

manufacturers, integrators, external systems, etcetera. A consumer is defined as a 

person or business entity with a manufacturing request. A manufacturer is a person 

or business entity that possesses manufacturing resources and offers 

manufacturing services in the cloud. These two groups of entities form the 

fundamental users of MCloud. Moreover, MCloud supports integration from 

external systems by direct invocation of the web services required. This feature 

gives a company the ability to integrate the core functions and business logic into 

existing enterprise IT systems, such as ERP system. This is very helpful if a company 

configures MCloud as an in-house private cloud environment.  
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The presentation layer contains the components that construct the user interface 

and manage user interactions. In order to facilitate streamlined business 

interactions with great user experience, responsive web design (Marcotte, 2011) is 

adopted, to provide optimal viewing experiences across a wide range of devices 

(from mobile phones to desktop computer monitors). The Web components consist 

of controls and buttons that generate different events. If an event is triggered from 

the client-side, the controller can impose the event handler, to retrieve and invoke 

a set of remote services. Once the service responses are handled on the client-side, 

the view components can display the information to the end user. 

3.3.2 Product Parser and Resource Virtualisation 

The product parser module handles the responsibility of reading/writing service 

request inputs in the system. A service request is a complete document that details 

a manufacturing project with specifications on product characteristics, 

manufacturing processes, cost expectations, logistics requirements, etcetera. To 

enable the description of highly customised production requests, a service-oriented 

product data model for explicit representation of service requests is needed. In the 

MCloud, an integrated data model for service-oriented product description was 

developed. The development of this data model follows the notion of the semantic 

web, allowing autonomous linkage between different data segments. 

In the process of reading service request input from consumers, a cloud 

manufacturing system should also be able to validate all the attributes of each data 

object, against standard data models and recommended engineering knowledge in 

the target domain. This process is also called manufacturability analysis, which is 

an essential step in intelligent machining systems. In the MCloud, some practical 

solutions have been developed to enable knowledge-based manufacturability 

analysis and, therefore, intelligent error reporting for service requests.  

The resource virtualisation module is responsible for describing and virtualising 

manufacturing resources and capabilities. Manufacturing resources and 

capabilities are connected to the system through proprietary device gateways. Data 

exchange between the central database and these manufacturing resources goes 
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through a common data interface, in which a unified data structure is defined and 

utilised for collecting data from physical devices and service provider input. 

Contributions to knowledge, in the area of service request representations and 

resource virtualisation, are made through the development of methods and 

techniques used to achieve the aforementioned module functions. This is described 

in detail in Chapters 4 and 5. 

3.3.3 Access Control 

The access control module manages the resource access rules set by different 

manufacturers. Authorising access to resources in the cloud involves establishing the 

identity of a customer (authentication), and determining an operation is consistent with 

any applicable access policies defined by corresponding resource owners (authorisation). 

In a hybrid cloud manufacturing environment, manufacturers should be allowed to create 

their own access policies for every single resource based on their periodic business 

situations. In terms of authorisation, role-based access control is used by the majority of 

software applications. However, this is not capable of expressing complex user-defined 

access rules. The relevant research focus in this is developing a technical solution that 

allows the establishment of context-aware access control. These access rules should at least 

include: access by company name, business relations, and project type. It is envisioned that 

semantic web-based rules can be fit-for-purpose. The main research work is to develop a 

large vocabulary to include all the access indexes (e.g., company name, project type and 

geographical location). The variety the rule establishment system can achieve depends on 

the volume of the vocabulary. The presentation of detailed solutions is described in Chapter 

6. 

3.3.4 Plan Generator 

The plan generator module is the main module that maps a service request with a 

feasible service plan by consuming a collection of manufacturing resources in the 

cloud. This process is carried out through a sequential process: (1) retrieval of a list 

of feasible resources for a given request by deductive reasoning, using engineering 

knowledge stored in the knowledge repository, and (2) multi-constraints 

optimisation that takes lead-time, process efficiency, cost and other factors into 

consideration.  
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In this process, distributed engineering knowledge is integrated as a consolidated 

knowledge-base, to drive the resource selection process. This knowledge 

integration task is handled by the knowledge building module. The knowledge 

building module stores general engineering knowledge in the shared knowledge 

repository, and allocates a dedicated knowledge repository for each manufacturer 

to host private knowledge used in business processes, including resource sharing 

rules, know-how of manufacturing process, etcetera. This design creates explicit 

boundaries between general engineering knowledge and knowledge with IP rights, 

and thus protects the core competences of a manufacturing enterprise. These 

knowledge segments, therefore, form a knowledge network in which instructions 

from machine tool suppliers, regulations from regional governments, widely-

accepted best practices, and unique ‘know-how’ are dynamically aggregated for in  

invoking results from the plan generator module. 

The above process also relies on up-to-date availability information for 

manufacturing resources. MTConnect, an open standard intended to foster greater 

interoperability between devices and software applications, was adopted to stream 

machine status information from geographically distributed shop floor 

environments to the Internet. This information is stored as common data objects, to 

facilitate data sharing among different software platforms. The development and 

implementation of a novel service composition method utilising engineering 

knowledge and real-time availability information about a manufacturing resource 

to drive overall decision-making, is presented in detail in Chapter 6. 

3.4 Business Process in MCloud 

As mentioned previously, in cloud manufacturing there are basically two major 

roles, service consumer and service provider. A company can consume 

manufacturing services from other companies and provide manufacturing services 

to others. Even in a single manufacturing project, a company can hold both roles at 

the same time. However, it has to be noted that in one service offering, a company 

can only be in one of the two roles. In MCloud, cloud manufacturing is organised on 

a project basis, and MCloud is designed to support complex service offerings for 

customised production requests. The service generation process does not follow a 
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simple “request-discover-map” scenario; it supports the composition of services 

from different service providers for the fulfilment of customised service requests.  

In a typical service provision process, there are 12 major steps as shown in Figure 

3.4. First, a consumer submits a service request to the MCloud. This service request 

can be a XML-based document specifying the attributes of the proposed 

manufacturing project. When this document is uploaded to the cloud, MCloud starts 

parsing the entities in this file. At the same time, MCloud checks its syntax against 

the data model at the back end, and validates the specifications against domain 

knowledge. If an error is identified, the system will display a notification on the web 

page and highlight detailed error messages. After the consumer modifies the 

request and uploads the confirmed request, MCloud starts searching for available 

manufacturing resources and generates a list of service plans for this project. In this 

process, availability information from connected resources and collected 

engineering knowledge and resource access rules, are used to filter the end results. 

The service providers involved will be contacted for service approval and quote. 

Once the cost and delivery timeframe are confirmed by service providers involved, 

the list of service plans will be updated and the consumer can select the best service 

plan from a number of candidates. Then an order is generated and the service 

provision process can commence. When the final product is completed, the 

consumer is asked to provide feedback to MCloud.  

The above end-to-end business process improves response speed by connecting 

consumers and service providers. Thus, manufacturing resources can be efficiently 

utilised by a large customer base, which enables better business performance. 

Furthermore, standardised procedures simplify complex business interactions, 

improve management efficiency, and save global costs. 



Chapter 3 – The MCloud System Framework 

48 

 

Request ParsingService 
Request

2

Modify Request

1

3

Service 
GenerationConfirmed 

Request

4 5

Service Provider 1

Service Provider 2

Service Provider N

Approve Service 
Plan

Approved 
Plan

Service Update

6

7

Service Plan 
Selection

Service List

8

Order Generation

9

Service Provision
Feedback & 
Evaluation

10

11

Service Completed
Products

12

Generated
Order

 

Figure 3.4: Business processes in MCloud 

3.5 Development Approach 

One of the fundamental differences that sets this research project apart from 

previous cloud manufacturing research is the highly empirical approach taken in 

the design and development of the MCloud system. The key objective was to 

produce a cloud manufacturing environment that presents a web-based software 

application, to aid service-oriented business interactions. Hence, it was imperative 

to consider that the system developed must be suitable for commercial use, and 

flexible enough to adapt to the needs of different companies. This can be achieved 

through working closely with different industry partners, ensuring the developed 

data models fit any mechanical product structure, and the decision-making 

mechanisms developed comply with best practice in different workshops. The user 

interface and user experience of the final system were another important aspect to 

consider, as this will determine end user acceptance. In terms of system 

development, the most advanced web development technologies, such as cloud 

computing, web service, and semantic web, are utilised. This section presents 

collaborations with industry partners and the system infrastructure of MCloud. 
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3.5.1 Collaboration with Industry 

Collaboration with industry was extremely important to this research, as the focus 

of this research is on developing an intelligent cloud environment with scientific 

contributions from several aspects, to promote the commercial implementation of 

cloud manufacturing. Real data and testing results from industry ensured the 

proposed system is able to meet the requirements of the industry, and is, therefore, 

able to handle real industrial cases. For this purpose, two different industry 

partners were established and have cooperated in this research. One of them is a 

New Zealand-based company, while the other operates in China. For confidentiality 

reasons, the names of these companies are omitted. However, information 

regarding the nature of the companies or about specific products, production 

processes, and business problems will be presented, as necessary, to provide 

readers with context in the detailed development work covered in Chapters 4-7. 

3.5.2 System Infrastructure 

The implementation of the MCloud adopts the most advanced IT technologies on 

the market. The main system was constructed in an AWS (Amazon Web Service) 

cloud computing environment. As shown in Figure 3.5, a data server was employed 

to store all user information and essential data. An application server was set up for 

hosting all the web services, including user authentication, email push, service 

composition, request processing, service monitoring, financial analysis, etcetera. 

Additionally, a web server was used to host the main website that receives HTTP 

requests from end users.  

The main system was developed using ASP.NET MVC framework. It is an open 

source web application framework that allows developers to build dynamic 

websites that enables a clean separation of concerns. As the system spans multiple 

tiers from the application layer to the shop floor environment, the system needs to 

deal with APIs in different programming languages, such as C# and Java, and hence 

system integration becomes a thorny issue. As discussed previously, to overcome 

the communication barrier between different programming languages, web service 

is utilised. In the proposed system, we encapsulated stand-alone functions as web 
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services and used REST to communicate between different web services. This 

integration strategy enables smooth communication between different build-in 

modules, and allows system extension with other external systems. The whole 

infrastructure is protected by highly secure facilities and security monitoring 

systems provided by AWS. In addition, the main website allows HTTPS so that 

secure communication sessions using SSL (Secure Sockets Layer) can be established. 

 

Figure 3.5: System infrastructure of MCloud 

3.6 Framework Summary 

The MCloud system was introduced as an innovative cloud manufacturing 

environment that intends to serve as a one-stop solution for the rapid production 

of personalised products at changing scales. The system was based on the desire to 

apply cloud manufacturing to real industry practice, in order to provide companies 

with an integrated environment to achieve efficient production of personalised 

products. MCloud was designed to augment existing cloud manufacturing 

frameworks through addressing challenges that have been identified in industry 

implementation. The proposed framework attempts to address the following 

challenges: (1) enable explicit representation of highly customised service requests; 

(2) facilitate multi-domain, multi-granularity, multi-level virtualisation of 

manufacturing resources and capabilities; (3) utilise engineering knowledge from 

governing  bodies and service providers to drive the service composition process; 

and (4) develop a managing mechanism to facilitate easy switching between 

different cloud deployment modes, and therefore allow rapid business strategy 
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changes for service providers. An empirical approach was taken for system design, 

and work was conducted in collaboration with two industry partners throughout 

the research, to ensure the methods and functions developed were flexible and 

applicable to different companies. Real industry data used for system development 

and validation were sourced from established industry partners. The MCloud 

system was developed using advanced cloud computing technologies and it can be 

accessed from anywhere, using any device, with great user experience. 
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Chapter 4  

Personalised Service Request 

This chapter focuses on the service parsing module of the MCloud system, which 

provides service consumers with a means of modelling production requests for 

highly customised products in a service-oriented business environment. The work, 

in this regard, was mainly about developing a description framework for 

personalised products. An ontology called ManuService has been developed, 

consisting of all the necessary concepts for describing personalised products. These 

concepts include: product specifications, quality constraints, manufacturing 

processes, organisation information, cost expectations, logistic requirements, 

etcetera. ManuService ontology provides a module-based, reconfigurable, privacy-

enhanced and standardised approach to modelling customised manufacturing 

service requests. Detailed research work is presented in this chapter. A description 

of key module functions is also provided, along with an introduction and 

explanation of the manufacturability analysis process. An industry case is presented 

to demonstrate possible applications using ManuService ontology. Contents of this 

chapter have been adapted from and are in Lu and Xu (2015b) and Lu and Xu (2016). 

4.1 Introduction 

Cloud manufacturing has been regarded as a promising enabler for the rapid 

production of personalised products on changing scales with uncertain resources. 

However, several key issues still remain unresolved. For instance, the lack of a 

service-oriented description framework for product data is a difficulty. 
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There has not been much research work on modelling service requests in a cloud 

manufacturing environment. This is because most of the cloud models assume 

cloud-based service provision still follows the conventional way of doing business; 

service providers place their offerings on the ‘shelf’ and service consumers go and 

buy their target service. However, this conventional way of doing business has been 

recognised as soon becoming outdated, as today’s consumers are more willing to 

buy highly customised products tailored to their own needs (Kagermann et al., 

2013). This means tomorrow’s product development processes will be customer-

centric; all business activities carried out for the purpose of providing great user 

experiences. Therefore, in a customer-centric scenario, the cloud manufacturing 

environment should be capable of interpreting the service needs of a consumer. The 

explicit expression of service needs is referred to as service request representation. 

It is the main interface where a consumer interacts with a cloud environment to 

express service needs, whether this request is made through a file or a graphical 

user interface. The product parsing module addresses the problem of modelling 

highly customised service requests in a cloud manufacturing environment, and 

provides industry users with a means to easily create and validate service requests. 

The ability to model highly personalised service requests is highly beneficial to 

adopters of cloud manufacturing, and gives consumers a structured way to model 

service needs. Such a document can be exchanged among all the stakeholders along 

the value chain. 

The remainder of this chapter is organised as follows. Section 4.2 presents a brief 

discussion on the requirements for specifications of service-oriented product data, 

and reviews various modelling technologies for representing products and 

manufacturing services. Section 4.3 proposes a systematic approach to developing 

a service-oriented product data model, and the resultant data model is elaborated 

on in Section 4.4. A case study is presented in Section 4.5 to demonstrate the 

feasibility of the proposed description framework in representing customised 

products and service requests. Section 4.6 summarises the work.  
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4.2 Representing Product Data in the Cloud Manufacturing 

Environment 

In a cloud manufacturing environment, business interactions are carried out on a 

project basis. Customised service requests are proposed by service consumers, with 

specifications on product characteristics, manufacturing process, organisation 

information, financial expectations, and logistics. The service request 

representation is used in all activities in a cloud manufacturing system, from service 

specifications all the way through to service delivery. It integrates people, resources, 

processes and enterprise architectures, and provides a product information 

backbone for distributed production nodes in the cloud. In addition, this document 

is stored in decentralised databases and is updated by various stakeholders 

including service consumers, service providers and other parties, using advanced 

web technologies. 

There are a number of product models reported in the literature, together with a 

range of commercial tools for representing product data. For instance, ISO initiated 

ISO 10303 (ISO, 1994) to represent product data through the life cycle of a product. 

However, the data schema in ISO 10303 focuses more on product features. It 

neglects many attributes that are critical to downstream production activities, such 

as product structure, quality constraints, manufacturing process specifications, and 

cost expectations. In addition, the lack of semantics and the complexity of its 

EXPRESS-based definitions impose challenges on the extensibility and applicability 

of data exchange (Zhao & Liu, 2008). On the other hand, some researchers have 

applied semantic web technologies in developing product ontologies in the 

manufacturing domain (Dong et al., 2011; Panetto et al., 2012; Y. Zhang, Luo, Li, & 

Buis, 2013). This approach provides another means to represent data in 

manufacturing domain. However, most of the reported data models are not 

“service-oriented”. In a cloud manufacturing environment, the specifications of a 

product should provide information vital to downstream service mapping and 

execution. Therefore, the data model in either international standards or reported 

ontologies, on its own is not able to represent service-oriented product data or 

manufacturing requests. 
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In a service-oriented manufacturing environment, the product data model should 

fulfil requirements from both content and format aspects. From the content 

perspective, the product model needs to include concepts from all aspects of a 

manufacturing project critical to managing service mapping and execution. On the 

other hand, the data format should be rich in semantics, clear in data structure and 

flexible in usability.    

4.3 Research Approach 

The research in this regard provides a service-oriented product data model, which 

supports customised project specification, production networks, and service 

transactions on all levels. Emphasis was placed upon the integration of existing 

standards and industry practice, to develop a service-oriented product model to 

facilitate effective specifications for customised projects, and smooth service 

transactions in a cloud environment. 

The proposed description framework covers not only the technical aspects of a 

manufacturing project, but places special focus on business aspects such as 

ownership, cost and logistics. All this information is extracted from relevant 

international standards and engineering practice. In terms of data format, ontology 

was adopted for representing the proposed description framework, as it provides 

good solutions for data reusability and interoperability in a heterogeneous 

environment, and it can also be easily processed in an open web environment. This 

section illustrates the development methodology and provides a trade-off analysis. 

4.3.1 A Systematic Ontology Development Process 

The foremost methodologies for building ontologies are: METHONTOLOGY 

(Gómez-Pérez, Fernández-López, & Corcho, 2004), On-To-Knowledge (Staab, 

Studer, Schnurr, & Sure, 2001), DILIGENT (Pinto, Staab, & Tempich, 2004), and 

NeOn Methodology (Suárez-Figueroa, Gómez-Pérez, Muñoz, & Vigo, 2010). These 

methodologies provide general guidelines for ontology building, evaluation and 

maintenance. Most of these methodologies mentioned that developers should look 

for potential reusable ontologies. However, there are very few explicit guidelines 

about how to reuse existing ontological resources or non-ontological resources.  
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Moreover, very little attention has been paid to the usability of any resultant 

ontology. Examining the existing ontologies reported in various publications (Dong 

et al., 2011; Lee, Chae, Kim, & Kim, 2009; Panetto et al., 2012), a manufacturer may 

find them not directly applicable to its application scenario. This is because different 

business entities may have different data exchange requirements and their 

enterprise architecture tends to be diverse.  

In addition, knowledge from the existing standards and engineering practice has 

not been utilised to a desirable level. Developing an ontology for the manufacturing 

business is a process of consolidating disparate concepts in existing standards and 

industrial practice. The applicability of the proposed ontology relies heavily on the 

quality of this integration process. An ontology enumerating distributed concepts 

in the manufacturing domain, and precisely expressing their relationships adds 

additional value, as it allows organisations to maintain ongoing practices whilst 

conforming to the proposed ontology. 

Therefore, we proposed a systematic development process for a manufacturing 

ontology (Figure 4.1), combining the rapid application development approach in 

software development and the concepts in existing methodologies. This evolutional 

and iterative design process allows ontology developers to fully utilise existing 

ontological and non-ontological resources, and take advantage of earlier parts or 

versions of the ontology. 

 

Figure 4.1. A systematic ontology development process for manufacturing 
business 
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Requirement analysis is a process of discovering things that belong to a proposed 

ontology. Business entities typically have an abstract idea of the application 

scenario of an end result, but no concept what the proposed ontology may look like. 

In this case, there is a need to convert ambiguous functional requirements to an 

executable development plan.  

Once the general requirements are gathered from the client, an analysis of the scope 

of the development should be determined and clearly stated. The domain of 

ontology encompasses the information and relations that need to be modelled using 

the ontology. Undesirable complexity from inaccurate scoping can lead to low 

efficiency in the process of utilising the ontology. Therefore, there is a need to clarify 

the domain and scope of the proposed ontology, before investigating its 

specifications. In our case, the ontology for a service-oriented product data model 

for cloud-based production includes all the concepts related to product data 

modelling for cloud-based production management. 

Existing ontologies recommended by W3C within the proposed domain, especially 

those have been acknowledged by the corresponding sectors, make it easier to 

identify key concepts in the suggested domain. In addition, the classes and their 

relations can be identified through discussions with domain experts and referred to 

existing industrial standards. Because of the multitude of standards that have been 

established to support production engineering, it becomes important to 

incorporate production-centric standards for the proposed domain ontology. As 

shown in Figure 4.2, there overlapping information is defined across various 

standards that contribute to manufacturing informatics. Therefore, scoping classes 

for the proposed ontology involves the reuse of multiple production-centric 

standards. In particular, concepts defined in these standards need to be extracted, 

so that the proposed ontology achieves compatibility with existing industry practice.  
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Figure 4.2: A manufacturing information organisation perspective on consolidated 
product information (Chungoora et al., 2013) 

The meaning of important terms identified in ISO standards has followed textual 

definitions that can be varied. The definitions of a term in different standards may 

emphasise different aspects of the concept, based on the target domain and 

application of a standard (Chungoora et al., 2013). Extensive integration between 

various definitions for important terms within the target domain should be 

undertaken to enhance the interoperability of the proposed ontology. This process 

involves expertise from domain experts and feedback from potential application 

scenarios. 

After identifying these important terms in cloud manufacturing, the next step was 

to ascertain the relationships among these terms. In ontology, classes are arranged 

in a taxonomic hierarchy. There are several possible approaches to developing a 

class hierarchy: top-down process, bottom-up process and their combination 

(Uschold & Gruninger, 1996). None of these methods is inherently better than any 

of the others. In this research, the author adopted the top-down process, as it is 

more logical to enumerate from the abstract information requirements for business 
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interactions in a cloud manufacturing environment. Another aspect assigning the 

relationships between classes is defining the properties of classes.  

The last step is creating individual instances of classes in the hierarchy. Defining an 

individual instance of a class requires (1) choosing a class, (2) creating an individual 

instance of that class, and (3) filling in the slot values. 

Up to this point, a trial ontology has been created, based on the initial requirements. 

The next step is to test the proposed ontology against different application 

scenarios. As a result, new knowledge and user feedback are gathered as additional 

requirements for an additional round of ontology enrichment. This incremental 

development process ensures the final ontology reflects the nature of user 

requirements and is capable of supporting various expected application scenarios. 

4.3.2 Semantic Representation and Languages 

Informal ontologies hamper the effectiveness of interoperability and lead to 

ambiguities. Therefore, a formal language for encoding ontologies is needed. 

Several ontology languages have been proposed and used in the context of semantic 

web (Figure 4.3). XML, a widely used data format in the web environment, is the 

backbone for various semantic web languages. Other ontological languages, such as 

RDF (Resource Description Framework), RDFS (RDF Schema) and OWL are an 

extended version of the XML syntax, aiming to provide greater machine 

interpretability and semantic interoperability. 

 
XML/XML Schema

RDF

OWL/SWRL

RDF Schema

Syntax

Semantics

Metadata layer

Schema layer

Logic/Rule layer

 

Figure 4.3: Stack of semantic web markup languages 

RDF (Lassila & Swick, 1999) is a language for representing information about 

resources in the World Wide Web. It is particularly intended for representing 
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metadata about things that can be identified on the Web, even when they cannot be 

directly retrieved on the Web. RDF is based on the idea of identifying things by using 

Uniform Resource Identifiers (URIs), and describing resources in terms of simple 

properties and property values. It should be noted that RDF can link pieces of 

information across the Web using URIs. Furthermore, RDF URIs can refer to any 

identifiable thing, including things that may not be directly retrievable on the web 

(such as a CNC machine tool). Therefore, in addition to describing things such as 

web pages, RDF can also describe cars, businesses, people, new events, etcetera.  

This linkage mechanism makes the semantic world a connected network, with the 

relationship between each node precisely specified. This distributed, yet connected, 

data environment makes it a natural choice for business interactions in a cloud 

environment where data are streamed from various stakeholders (e.g., service 

consumer, manufacturer, resource vendor and knowledge contributor). 

RDFS is a semantic extension of RDF. It provides mechanisms for describing groups 

of related resources and the relationships between these resources. RDFS allows 

users to make statements about classes of things and types of relationship. It does 

not provide a vocabulary for application-specific classes. Instead, it provides the 

facilities needed to describe such classes and properties, and to indicate which 

classes and properties are expected to be used together. 

OWL has more mechanisms for expressing meaning and semantics than XML, RDF, 

and RDF-S, and thus OWL goes beyond these languages in its ability to represent 

machine interpretable content on the Web. With the OWL specification (Dean et al., 

2004), three sub-languages of OWL are described, each of which provides a 

different level of expressiveness: OWL Lite, OWL DL, and OWL Full. OWL Lite is the 

least expressive sub-language and is often cited as the least widely adopted (Grau 

et al., 2008). OWL Full, on the other hand, is the most expressive sub-language; it is 

perhaps too expressive, mainly because it employs all the OWL language constructs, 

unlike the two other sub-languages. For instance, OWL Full does not include 

restrictions on the use of transitive relationships, which is a requirement of 

decidability. OWL-DL can be considered a sub-language of OWL Full, in that it was 

designed to provide maximal expressiveness while retaining decision-making. For 
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this reason, OWL-DL permits efficient reasoning support, and there exist numerous 

OWL-DL reasoners (Bock, Haase, Ji, & Volz, 2008). For the reasons described above, 

OWL-DL is the most promising choice amongst the three sub-languages, to 

represent the semantics of manufacturing services while retaining decidability for 

inference purposes. 

4.4 Ontology for Manufacturing Service Specifications  

The previous section elaborates on the research approach and representation 

languages in this research. This section illustrates the current version of the 

proposed ontology for service-oriented product specifications.  

4.4.1 Overview of the Proposed Ontology 

As in previous discussions, the proposed ontology is mainly for specifying requests 

for manufacturing services (Figure 4.4). It deals mainly with information about 

customised products, manufacturing processes, logistics, costs and organisation 

information. The domain knowledge is sourced from domain experts, reusable 

ontologies, related industrial standards, engineering practice, potential users and 

usage scenarios.  

Domain: Manufacturing business in the cloud
Date: 12/09/2014
Ontology Engineer: Michael Lu

Goal of the ontology:
    Representing and tracking manufacturing service requests for production of personalised products
Domain and Scope:
    Owner, cost, logistics, product structure, quality and other aspects of a service request
Knowledge sources:
    Manufacturing companies and mechanical engineers (domain experts)
    Existing ontologies
    Related industrial standards
    Knowledge base from machine tool vendors
    CAD/CAM/PLM software
Users and use cases:
    Users: Service consumers
    Use Case 1: Proposal of a manufacturing service request
    Use Case 2: Track service provision process

 

Figure 4.4: Ontology requirements specification document 
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After the domain and scope have been identified, an informal baseline taxonomy 

containing relevant concepts is proposed. These abstract concepts include Project, 

Consumer, Product, Item, and Feature. Figure 4.5 illustrates the relations between 

these abstract classes and relations with other concepts in cloud manufacturing 

domain. In a cloud manufacturing business, a Consumer raises a request for a 

manufacturing service. This request is in the form of a personalised Project, in which 

Product information such as quantity, ownership, and material is specified. A 

Product includes a list of Items, each of which can be either a part, or an assembly. 

An Item physically consists of a list of pre-defined Features. It is believed that each 

highly customised product can be broken down to feature level, and the pre-defined 

feature list can facilitate representation of the manufacturing information of a 

product. Note that definition of a Feature only includes attributes that are essential 

to resource selection in the cloud. Beyond the scope of ManuService ontology, an 

Item is also associated with a list of Manufacturing Resources from different Service 

Providers.  

PROJECT Top-level entity of a service project

PRODUCT An object created as a result of a service project

ITEM A component, assembly, or part required to manufacture a product

FEATURE A collection of related geometric elements which as a 
whole correspond to a particular manufacturing method

CONSUMER

RESOURCE

SERVICE PROVIDER

The owner of a service project

An asset used to serve the service project

The owner of a resource

: Line connecting entities within 
  ManuService scope

: Line connecting other entities in cloud 
  manufacturing domain  

Figure 4.5: Abstract classes in ontology for the cloud manufacturing environment 

Starting from the above abstract structure, an industrial investigation was 

undertaken in targeted manufacturing companies, to identify the need for each of 

these aspects. In addition, a study of existing ontologies and industrial standards 

has been carried out, to crosscheck the definition and representation of the 

potential concepts from these sources. The goal was to ensure the simplicity of a 
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concept but make it inclusive enough for service-oriented product data 

representation in cloud manufacturing. Figure 4.6 illustrates the overall screening 

process for a specific concept. The intention of this process is to utilise reusable 

ontologies and non-ontological resources to a desired level, allowing organisations 

to maintain ongoing practices whilst conforming to the proposed ontology. 

Start

Identify a concept

Check existing ontologies 
and industrial standards

Is existing definitions 
good enough?

YES

Integrate existing definitions

NO

Create/Modify the definition 

Quality check (Is the 
resultant definition 

satisfactory?)

YES

End

NO

 

Figure 4.6: The overall process of defining concepts in ManuService 

Taking Consumer and Service Provider as an example, they are each a type of 

business entity – the legal agent making (or seeking) a particular offering. A 

business entity has at least a primary mailing address amongst other contact details. 

The definition of a business entity has become a convention; it includes name, legal 

name, address, telephone, category and other related information. In regard to the 

definition of a business entity, GoodRelations (Hepp, 2008), a lightweight ontology 

for annotating offerings and other aspects of e-commerce on the Web, has 

integrated the above information into a systematic hierarchy. In GoodRelations, 

several common standards are used to simplify the data structure. The Data 

Universal Numbering System (DUNS) (Dun & Bradstreet Inc., 2013) is used to 

identify a business entity. The Global Location Number (GLN) (GS1, n.d.) identifies 
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a business entity’s physical locations. The International Standard Industrial 

Classification of All Economic Activities (ISIC) Version 4 (Nations, U., 2008) is 

applied to classify the productive activities of a business entity. Apart from the 

definitions in GoodRelations, definitions of a business entity have also been 

partially defined in several international standards in the manufacturing domain. 

For instance, in ISO 10303-41 (ISO, 2014a), a business entity is simply declared by 

an ID and name. However, the address concept is explicitly represented by name, 

street name, street, town, region, postal code, country, telephone number, and other 

attributes. Based on the survey results from featured companies and domain 

experts, it was decided to merge the definitions in GoodRelations and STEP, by 

adding the address definition in STEP to GoodRelations. This is because there is a 

chance that a business might not have a GLN for its location, and telephone number 

and fax number are very important information for a company. In addition, the 

latitude and longitude of a physical address were added to the address concept, for 

the ease of logistics schedule and data visualisation in the web. 

The first iteration of the proposed ontology was finalised, following the series of 

steps depicted in Figure 4.6 for every important concept in cloud manufacturing. 

Figure 4.7 illustrates a detailed representation of the proposed ontology in UML 

(Unified Modelling Language).
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Figure 4.7: Ontology for service-oriented product model represented in UML (Detailed specification in Appendix B) 

ms:name rdfs:Literal
ms:description rdfs:Literal
ms:legalName rdfs:Literal
ms:hasNAICS rdfs:int
ms:hasISICv4 rdfs:int
ms:hasDUNS xsd:string
ms:hasGlobalLocationNumber xsd:string
ms:category rdfs:Literal
ms:telephone xsd:string
ms:faxNumber xsd:string

ms:BusinessEntity

ms:name rdfs:Literal
ms:jobNumber xsd:string
ms:description rdfs:Literal
ms:dateOriginated xsd:dateTime
ms:dateLastModified xsd:dateTime
ms:version xsd:string
Ms:status xsd:string

ms:Project

ms:hasOwner

ms:hasCurrency xsd:string
ms:valueAddedTaxIncluded xsd:boolean
xm:hasMaxCurrencyValue xsd:float
xm:hasMinCurrencyValue xsd:float
xm:hasCurrencyValue xsd:float
xm:validFrom xsd:dateTime
xm:validThrough xsd:dateTime

ms:PriceSpecification

ms:hasCost

ms:hasCostExpectation

ms:name rdfs:Literal
ms:quantity rdfs:int
ms:partNumber xsd:string
ms:drawingNumber xsd:string
ms:description rdfs:Literal
ms:hasUnitOfMeasurement xsd:string

ms:Product

ms:hasProduct

ms:fileFormat xsd:string
ms:url xsd:string
ms:fileSize rdfs:Literal

ms:Drawing

ms:hasDrawing

ms:name rdfs:Literal
ms:quantity rdfs:int
ms:partNumber xsd:string
ms:drawingNumber xsd:string
ms:description rdfs:Literal

ms:Workpiece

ms:hasWorkpiece

ms:hasSubWorkpiece

ms:materialStandard xsd:string
ms:name rdfs:Literal
ms:materialGroup xsd:string
ms:materialSubGroup xsd:string
ms:hasMaxHardnessHRC xsd:float
ms:hasMinHardnessHRC xsd:float
ms:hasHardnessHRC xsd:float
ms:hasMaxHardnessHB xsd:float
ms:hasMinHardnessHB xsd:float
ms:hasHardnessHB xsd:float

ms:Material

ms:fromMaterial

ms:MillingFeature

ms:includesFeature

ms:GeneralClosedPocket ms:GeneralOpenPocket ms:StraightShoulder
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ms:name xsd:string
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ms:ODSimpleCylinder

ms:ODIncreasingProfile
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ms:ODCutOffSolid

ms:ODCutOffTube

ms:IDSimpleBlindHole
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ms:IDBlindHoleWithFlatBottom
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ms:SimpleThroughHole
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ms:Workplan
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ms:name xsd:string
ms:description xsd:string
ms:status xsd:string

ms:Workingstep
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ms:ServiceLog

ms:hasServiceLog
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ms:standardName xsd:string
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ms:appliesToFeaturems:addressCountry rdfs:Literal
ms:addressLocality rdfs:Literal
ms:addressRegion rdfs:Literal
ms:postalOfficeBoxNumber rdfs:Literal
ms:postalCode rdfs:Literal
ms:streetAddress rdfs:Literal

ms:Address

ms:elevation xsd:double
ms:latitude xsd:double
ms:longitude xsd:double

ms:GeoCoordinates

ms:hasAddress

ms:hasGeoLocation

ms:hasBillingAddress
ms:hasPostalAddress

ms:timeOfDelivery xsd:dateTime

ms:DeliveryMethod

ms:DeliveryModeParcelService

ms:eligibleRegions xsd:string

ms:DeliveryChargeSpecification

ms:selectedDeliveryMethod
ms:expectedDeliveryMethod

ms:appliesToDeliveryMethod

ms:hasSupplier

ms:hasSupplier 

ms:CylindricalPocket

ms:hasCornerStyle

ms:IDBlindHoleWithFlatBottomFromPredrilledHole

ms:ContouredShoulder

ms:hasCornerStyle
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4.4.2 Project 

As explained, in cloud manufacturing, business transactions are carried out on a 

Project basis and these Projects are always unique, with highly tailored Product or 

Service Instances. For a Project, information such as Name, Description, Version, and 

Status is mandatory to characterise a unique project raised by a Consumer. The 

owner of a Project is also required to be specified at the proposition stage.  

Cost is one of a Customer’s concerns. In ManuService, a Project can be linked to 

multiple Price Specifications that specify pricing schemes covering non-overlapping 

time periods. For example, the cost of a project is US $5,000.00 for payment made 

between ‘2014-11-01’ and ‘2014-12-30’, otherwise, it is US $5,082.00 for other 

periods of time. A Consumer can also specify a Cost Expectation when creating a 

Project. A variant of Cost Specification is Payment Charge Specification – a concept 

entity that specifies any additional costs added for issuing the payment using a 

particular Payment Method. Due to the complexity of pricing scenarios in various 

businesses, more variants of this fundamental model may be required. This can be 

easily achieved by refining the ManuService ontology. 

Delivery Method is also a critical aspect in any service offering. In ManuService, 

Delivery Method defines a standardised procedure for transferring the Product or 

Service. A Project can be linked to a selected Delivery Method at the execution stage, 

and an expected Delivery Method at the order-raising stage. Some of the delivery 

methods are “direct download”, “freight”, “mail”, “own fleet” and “pick up”. For a 

specific Delivery Method, there is a Delivery Charge Specification associated with it, 

which specifies the additional costs asked for delivery of a given Product or Service 

using a particular Delivery Method.    

4.4.3 Product 

In a manufacturing service request, one of the key concepts is Product. Research 

work on PDM has been conducted by different stakeholders with different 

emphases. Siemens released an XML-based protocol to facilitate open, high-content 

product life-cycle data sharing. It supports the product data required for computer-

aided design and visualisation applications and BOM exchange. But the metadata is 



Chapter 4 – Personalised Service Request 

67 

 

mainly for product design; it lacks information for production execution. To 

facilitate production data management, STEP and STEP-NC (ISO, 2013) provide a 

systematic representation scheme for production-oriented product information. 

STEP/STEP-NC describes task-oriented information, based on machining features 

to allow specifications for machining sequence, cutters, and machining operation of 

a machining feature. 

In ManuService, it was decided to merge Siemens PLM XML and STEP/STEP-NC 

standards for representing production requirements of a Product, which may 

consist of one or more Workpieces. For each unique Workpiece, information such as 

Quantity, Material, and Status is also required to complete a BOM. The Status 

attribute can be ‘unassigned’, ‘pending’, ‘started’, ‘completed’, ‘skipped’, ‘aborted’, 

‘suspended’ or ‘failed’. These pre-defined statuses are set as global instances that 

can also be used for other classes.  

It is also important to specify the procurement type of each part (i.e. off-the-shelf or 

made-to-specification). For an off-the-shelf part, or part modified from an off-the-

shelf product, its Supplier and Part Code need to be provided. For a part made from 

raw material, its material supplier is recommended as essential information for 

locating a satisfactory supplier. In ManuService, a custom-made Workpiece is 

represented as a list of pre-defined Machining Features, each of which is bound to 

one or more Activities with the involvement of selected Resources. Feature-based 

machining provides a systematic approach for cloud manufacturing systems, to 

process unique production requests with consistent machining processes, using 

standardised engineering practises.  

In ManuService, Machining Features are mainly classified by type of machining 

process. At the current stage, ManuService incorporates three types of features: 

Milling Feature, Turning Feature and Holemaking Feature (Figure 4.8). For each of 

the three types, several elementary features are defined by merging ISO standards 

such as ISO 14649, and engineering practices from tooling suppliers and CAM 

software vendors, such as Kennametal and Siemens. Milling Features include Pocket, 

Slot, Planar Face, 2D Profile, Chamfer and Shoulder, some of which may include sub-

types. For example, a Pocket can be further classified as General Closed Pocket, 
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General Open Pocket, or Cylindrical Pocket, depending on the properties of its upper 

edge. For each of the pre-defined Machining Features, a list of parameters is defined 

for characterising its machining requirements, including geometry, tolerance, 

material, surface quality, and tool preference. These parameters are further 

classified into mandatory information and optional information. Mandatory 

information refers to the required indexes for selecting a feasible Manufacturing 

Resource. Optional information specifies additional features of a given Machining 

Feature, which helps refine the list of feasible Manufacturing Resources. With 

General Closed Pocket as an example, Material, Depth of Pocket, and Minimum Radius 

in Concave Corner are set as mandatory information, whereas Corner Style, Corner 

Break, Angle of Wall, Smallest Width of the Gap, Diameter of Predrilled Hole, Volume 

of the Pocket, and Quality of Wall Surface are defined as optional information. These 

parameters give essential information for screening unfeasible cutters, estimating 

machining costs and expressing environmental concerns. For detailed 

specifications of ManuService, please refer to Appendix B. 

 

Figure 4.8: Machining features in ManuService ontology 
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It must be noted that these fundamental machining features are sufficient for a 

typical manufacturer to process a generic machining request; some manufacturers 

may also have their unique techniques for processing a feature, that may consist of 

multiple elementary features. Should this be the case, one can easily extend the core 

ontology by adding self-defined machining features. 

4.4.3 Activities 

According to ISO 10303 AP 240, an activity is a discrete task or set of tasks, that is 

executed in the manufacturing of a product (ISO, 2005). Each activity can be a 

manufacturing activity or a non-manufacturing activity. A manufacturing activity 

can be an ancillary activity, part mounting, part handling, part un-mounting, 

process activity or validation. A non-manufacturing activity can be an inspection, 

assembly, package or transit. These activities intend to cover the full range of 

operations for a manufacturing job. Moreover, some of the activities are critical 

steps in the production process, others are not. ISO 14649 further classifies critical 

process activities, based on the type of machining operation. Discussions with 

domain experts revealed that the approach in ISO 14649 is a concise but effective 

framework for representing critical machining steps in a production process. The 

concepts in ISO 10303 AP 240 are also required to track other activities associated 

with a product. Thus, it was decided to extract the relevant definitions in ISO 10303 

AP 240 and ISO 14649 for representing manufacturing activities.  

4.4.4 Service Tracking 

For Consumers and Service Providers, process transparency has emerged as a 

necessity in a manufacturing business. Updating order status and informing the 

customer of an exact date the product is to be delivered makes a big difference in 

high quality customer service. It gives customers an expectation of when to receive 

the package, which can substantially improve customer satisfaction. Also, progress 

tracking can keep the involved Service Providers informed about the status of a 

Project, which allows an analytic analysis of the productivity of each Manufacturing 

Resource and just-in-time production scheduling.  
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In the proposed ontology, a Status attribute was defined for tracking the 

development stage of a Project and its component parts. Moreover, a Service Log 

class was introduced to record milestones in the manufacturing process by tracing 

the Event Date, Event Type, Event Description, User Triggered It, and Workpiece 

associated with it. 

4.4.5 Intellectual Property Protection 

Service requests from consumers contain the specifications of a product design, and 

often include critical business information, which has to be sent to potential service 

providers in the cloud. This process can disclose a consumer’s core business 

competency to other parties. A potential solution is to send just-enough information 

to the cloud, which is one of the governing rules in designing ManuService. Hence, 

parameters on all the machining features of a product are the main data that are 

required for selecting the right manufacturing resources.  

Service consumer privacy and IP are properly protected, thanks to the special 

description approach taken by ManuService. In ManuService, a mechanical part is 

described as a combination of a list of elementary machining features, defined in 

Figure 4.7. For each of the machining features in Figure 4.8, the required attributes 

are information sufficient merely for determining feasible manufacturing resources 

that can be used to carry out the required machining process. The information 

inside ManuService reveals little information about the geometry of the part. This 

way, a product design will not be disclosed to any unwanted parties. This unique 

feature can adequately protect service consumer privacy and IP associated with a 

product design.  

Note that the feature-based approach introduced in ManuService is different from 

the feature-based approaches used in commercial CAPP (Computer-aided Process 

Planning) systems or the STEP-NC data model. In a STEP-NC file, features are still in 

geometrical representation. For instance, for the feature of general outside profile, 

the contour of the spare is given by the attribute feature boundary, which is a type 

of profile. This means the detailed shape of a profile is still required in a STEP-NC 

file. In contrast, in the meta-data model, the definition of a profile only focuses on 
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the minimum radius in the concave corner, which is one of the critical attributes for 

selecting feasible cutters. 

4.4.6 Ontology Implementation 

The current version of ManuService has been implemented in OWL using RDF/XML 

serialisation. It should be noted that the domain and ranges of many object type 

properties have more than one class as in the domains of the majority of data type 

properties. This is considered advantageous, as it allows us to better organise and 

handle the ontology even with many classes, by identifying and creating global 

properties that exist for more than one class. 

Regarding the serialisation of the ontology, it was decided to provide an RDF/XML 

representation that combines the flexibility of graphs from RDF with the well-

known, although verbose, syntax of XML. This choice is not restrictive though, 

different serialisation that might be more robust under certain conditions will be 

supported depending on need. For example, if an instance consumes a large amount 

of data, serialisation such as N3 can be used, which is less verbose than RDF/XML 

and thus requires fewer computational resources.  

4.5 Case Study 

ManuService has been under development since 2012. During that time, multiple 

requirements from industrial partners were considered. The rich diversity in the 

business model and production mode of these companies has led to several 

iterations of the ontology. Case studies have shown that their key representational 

needs are now covered well by the current version. This section details an industrial 

case of using ManuService to represent customised service requests. Instructions 

and procedures on how to use the MCloud to create service requests are also 

illustrated.  

4.5.1 Customised Mechanical Seals in ManuService 

Company X is the world’s leading provider of high-performance mechanical seals 

for challenging working conditions. An engineer-to-order production model is 
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adopted by the company. At the start, a sales engineer raises an order after 

analysing a customer’s requirements. Then the design department proposes a 

customised product design, tailored to the particular working conditions. After this, 

a design file is sent to its global workshops and suppliers for quoting. Once the 

customer is happy with the final quote, the actual production and sub-contracts 

commence. This production model is of a typical community cloud, as the resources 

in its subsidiaries and workshops are only utilised within its global company 

network (Lu et al., 2014). 

 

Figure 4.9: An example of a customised mechanical seal solution 

Figure 4.9 is an assembly drawing of a customised mechanical seal for pumps, 

tailored to the specific needs and operation conditions of a customer. It can be 

observed that this custom project is expected to be completed by 12th December 

2014, with an expected cost of US $8,200.00. The whole assembly consists of off-

the-shelf parts, customised parts, and parts modified from off-the-shelf parts.  

To further illustrate the feature-based description approach for mechanical parts in 

ManuService, the seal seat (Item 4 in the assembly view) is taken as an example. 

There are five machining features in this part, and the essential attributes are also 

listed in the figure. For each machining feature, the descriptive attributes 

adequately reveal the essential geometrical information and quality requirements 

for selecting feasible manufacturing resources. However, these attributes are not 

based on a complete geometrical and topological description of the feature, which 

does not disclose the complete design information of the mechanical part. Other 
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parts can also be represented as a combination of a list of elementary machining 

features, following the same principle. The information included in Figure 4.9 and 

Figure 4.10 can be explicitly represented using the description model proposed in 

ManuService and serialised to the RDF/XML format. Partial contents of the 

serialised document are illustrated in Figure 4.11. For complete contents of this 

example, please refer to Appendix C; 

Name=SeatPlanarSurface
DiameterOfPlanarFace=85mm
StockInAxialDirection=2.5mm
DiameterOfInnerCylinder=66mm
MaximumDepthOfCut=2mm
QualityOfSurface=N7

Feature 1: ODPlanarSurfaceFromTube

ms:hasCornerStyle

Name=SeatCutOff
DiameterOfPlanarSplitFace=85mm
DiameterOfInnerHole=66mm
MaxWidthOfFRemovedMaterialZone=5mm

Feature 2: ODCutOffTube

Name=SeatODProfile
RadiusOfSmallestConcaveProfileBlend=0.5mm
AngleOfRisingFlank=90°
LengthOfProfile=14.5mm
MaxDepthOfCut=2mm
StockInRadialDirection=4.85mm
QualityOfFace=N7

Feature 3: ODIncreasingProfile

Name=SeatIDThroughHole
DiameterOfHole=68.4mm
MaxDiameterOfHole=69.22mm
MinDiameterOfHole=68.4mm
LengthOfHole=14.5mm
MaxDepthOfCut=2mm
DiameterOfPredrilledHole=66mm
QualityOfSurface=N9

Feature 4: IDSimpleThroughHole

Name=SeatSlot
DepthOfSlot=4.8mm
WidthOfSlot=4mm
MaxWidthOfSlot=4.3mm
MinWidthOfSlot=4mm
AngleOfWallValue=90°
QualityOfWallSurface=N9

Feature 5: StraightSlot

FloorRadiusValue=0.5mm
MinFloorRadiusValue=0.4mm
MaxFloorRadiusValue=0.6mm

CornerStyle 1: CornerRadius

 

Figure 4.10: Details of machining features for a seal seat 
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<?xml version="1.0"?>
<rdf:RDF xmlns="http://www.manunetwork.com/manuservice/v1#"
     xml:base="http://www.manunetwork.com/manuservice/v1"
     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
     xmlns:ms="http://www.manunetwork.com/manuservice/v1#"
     xmlns:owl="http://www.w3.org/2002/07/owl#"
     xmlns:xsd="http://www.w3.org/2001/XMLSchema#"
     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
<owl:Ontology rdf:about="http://www.manunetwork.com/manuservice/v1#"/>
…...

<owl:NamedIndividual rdf:about="&ms;TrelleBurgmann">
<rdf:type rdf:resource="&ms;BusinessEntity"/>
<telephone rdf:datatype="&xsd;string">+64-09-3285001</telephone>
<hasISICv4 rdf:datatype="&xsd;int">2819</hasISICv4>
<hasNAICS rdf:datatype="&xsd;int">339991</hasNAICS>
<name rdf:datatype="&rdfs;Literal">TrelleBurgmann NZ</name>
<legalName rdf:datatype="&rdfs;Literal">TrelleBurgmann New Zealand Ltd.</legalName>
<description rdf:datatype="&rdfs;Literal">TrelleBurgmann New Zealand, a world leader of seal solution</description>
<category rdf:datatype="&rdfs;Literal">manufacturer</category>
<hasAddress rdf:resource="&ms;TrelleBurgmannAdd"/>
<hasBillingAddress rdf:resource="&ms;TrelleBurgmannAdd"/>

</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;TrelleBurgmannAdd">

<rdf:type rdf:resource="&ms;Address"/>
<postalCode rdf:datatype="&rdfs;Literal">0622</postalCode>
<streetAddress rdf:datatype="&rdfs;Literal">21 Northcote Rd</streetAddress>
<addressLocality rdf:datatype="&rdfs;Literal">Auckland</addressLocality>
<addressCountry rdf:datatype="&rdfs;Literal">New Zealand</addressCountry>
<addressRegion rdf:datatype="&rdfs;Literal">Takapuna</addressRegion>
<hasGeoLocation rdf:resource="&ms;EagleBurgmannGeoCoordinates"/>

</owl:NamedIndividual>
……
<owl:NamedIndividual rdf:about="&ms;MS-T10436000">

<rdf:type rdf:resource="&ms;Project"/>
<vers ion rdf:datatype="&xsd;string">1.1.2</vers ion>
<dateOriginated rdf:datatype="&xsd;dateTime">2014-06-30T09:30:10Z</dateOriginated>
<dateLastModified rdf:datatype="&xsd;dateTime">2014-11-02T12:30:10Z</dateLastModified>
<name rdf:datatype="&rdfs;Literal">K32665. Lawrie&apos;s Pumps.</name>
<description rdf:datatype="&rdfs;Literal">Mechanical seal, 25 bar. -40C-220C</description>
<jobNumber rdf:datatype="&xsd;string">T232453221</jobNumber>
<status rdf:datatype="&xsd;string">unassigned</status>
<hasOwner rdf:resource="&ms;TrelleBurgmann"/>
<hasCostExpectation rdf:resource="&ms;MSCostExpectation"/>
<hasProduct rdf:resource="&ms;MechanicalSeal"/>

</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;MechanicalSeal">

<rdf:type rdf:resource="&ms;Product"/>
<drawingNumber rdf:datatype="&xsd;string">02-SESUM-SEMP/2.500-00</drawingNumber>
<quantity rdf:datatype="&xsd;int">1</quantity>
<name rdf:datatype="&rdfs;Literal">Modified sesum dual seal</name>
<partNumber rdf:datatype="&xsd;string">T10436000</partNumber>
<hasUnitOfMeasurement rdf:datatype="&xsd;string">suit</hasUnitOfMeasurement>
<hasDrawing rdf:resource="&ms;ProductDesignFile"/>
<hasWorkpiece rdf:resource="&ms;Seat"/>
…...

</owl:NamedIndividual>
……
<owl:NamedIndividual rdf:about="&ms;Seat">

<rdf:type rdf:resource="&ms;Workpiece"/>
<quantity rdf:datatype="&xsd;int">1</quantity>
<partNumber rdf:datatype="&xsd;string">579985146</partNumber>
<name rdf:datatype="&rdfs;Literal">Seat</name>
<drawingNumber rdf:datatype="&xsd;string">ST271-2.500</drawingNumber>
<includesFeature rdf:resource="&ms;SeatCutOff"/>
<includesFeature rdf:resource="&ms;SeatIDThroughHole"/>
<includesFeature rdf:resource="&ms;SeatODProfile"/>
<includesFeature rdf:resource="&ms;SeatPlanarSurface"/>
<includesFeature rdf:resource="&ms;SeatSlot"/>
<fromMaterial rdf:resource="&ms;SiliconCarbide"/>
<hasDrawing rdf:resource="&ms;SealFaceDrawing"/>

</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;SeatCutOff">

<rdf:type rdf:resource="&ms;ODCutOffTube"/>
<maxWidthOfRemovedMaterialZone rdf:datatype="&rdfs;Literal">5</maxWidthOfRemovedMaterialZone>
<diameterOfInnerHole rdf:datatype="&rdfs;Literal">66</diameterOfInnerHole>
<diameterOfP lanarSplitFace rdf:datatype="&rdfs;Literal">85</diameterOfP lanarSplitFace>
<name rdf:datatype="&rdfs;Literal">Cut off part</name>

</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;SeatDrawing">

<rdf:type rdf:resource="&ms;Drawing"/>
<fileSize rdf:datatype="&xsd;string">2.3M</fileSize>
<fileFormat rdf:datatype="&xsd;string">dxf</fileFormat>

</owl:NamedIndividual>
…...
<owl:NamedIndividual rdf:about="&ms;SeatSlot">

<rdf:type rdf:resource="&ms;StraightSlot"/>
<minWidthOfSlot rdf:datatype="&rdfs;Literal">4</minWidthOfSlot>
<widthOfSlot rdf:datatype="&rdfs;Literal">4</widthOfSlot>
<maxWidthOfSlot rdf:datatype="&rdfs;Literal">4.3</maxWidthOfSlot>
<depthOfSlot rdf:datatype="&rdfs;Literal">4.8</depthOfSlot>
<angleOfWallValue rdf:datatype="&rdfs;Literal">90</angleOfWallValue>
<qualityOfWallSurface rdf:datatype="&rdfs;Literal">N9</qualityOfWallSurface>
<name rdf:datatype="&rdfs;Literal">Straight slot</name>
<hasCornerStyle rdf:resource="&ms;SeatCorner"/>

</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;SeatCorner">

<rdf:type rdf:resource="&ms;CornerRadius"/>
<minFloorRadiusValue rdf:datatype="&rdfs;Literal">0.4</minFloorRadiusValue>
<floorRadiusValue rdf:datatype="&rdfs;Literal">0.5</floorRadiusValue>
<maxFloorRadiusValue rdf:datatype="&rdfs;Literal">0.6</maxFloorRadiusValue>

</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;SiliconCarbide">

<rdf:type rdf:resource="&ms;Material"/>
<name rdf:datatype="&rdfs;Literal">Silicon carbide</name>

</owl:NamedIndividual>
…...

</rdf:RDF>
 

Figure 4.11: Partial representation of a service request in RDF/XML format 
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4.5.2 Create Service Request in MCloud 

Once a designer is satisfied with the overall design of the custom mechanical seal, 

he/she can direct it to the MCloud to create a service project for quotation (Figure 

4.12). In the MCloud, creating a project is very straight forward; a user selects a file 

from his/her local file directory and clicks the ‘Upload’ button. After the ‘Upload’ 

button is clicked, the product parsing module at the back end starts validating the 

uploaded file. During the course of uploading, the file is verified from the syntax and 

content aspects. From the syntax aspect, the system checks the uploaded file against 

RDF/XML syntax specifications (Beckett & McBride, 2004). If the file is proven 

error-free in syntax, the system starts checking the content against a collection of 

rules. These rules ensure the correctness of the proposed file in business and 

engineering logic. For instance, the owner of the project has to be specified, and 

there must be at least one product associated with the project. If an error is detected 

in the above two steps, the system will display a detailed error track on the screen 

to the user, to help them modify their service request.  

 

Figure 4.12: User interface for creating a service project 

For example, the following screenshot shows a syntax error detected on Lines 54 

and 102 of the uploaded file (Figure 4.13). A content error was also detected; there 

is no ‘Project’ in the uploaded request. In this way, service consumers can 

understand the correctness of the uploaded file. With the help from MCloud, they 
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are able to quickly locate potential errors and illogicality inside their product design 

files. In ManuService, there must be only one Project in the uploaded file, and the 

Owner of the Project has to be specified. For a Project, there has to be at least one 

Product associated with it. With this approach, the validation rules can be easily 

extended to examine the manufacturability of the proposed service system. It also 

should be noted that MCloud currently only supports file upload to request a service, 

and the system targets experienced engineers with knowledge in product design 

and machining as service consumers. This is because manufacturing service 

provision happens after a product design has been finalised. There is not much 

value if an end user of a product is involved in selection of manufacturing services. 

For this reason, the MCloud targets experienced engineers in a company as service 

consumers. 

 

Figure 4.13 Project errors returned to user 

4.5.3 Discussions 

The product parsing module of the MCloud was applied in a real-world setting to 

validate the data model and system functions. This section discusses feedback 

received from the industry partner with respect to general system use, benefits 

provided by module functions and ideas for future development. For this case study, 

time was spent at the company to validate the developed ManuService data model 
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and to demonstrate module functions. In this process, a number of typical products 

were modelled using ManuService ontology. Some design engineers were invited to 

test the development system using computers and mobile devices. 

The case company provides highly customised products to their customers. They 

run an engineer-to-order production model – most of their products are tailored to 

customer requirements. In the whole product offering process, sales engineers, 

design engineers and production engineers need to work together and keep 

informed about the progress of each project. Communication between these three 

roles is through email, and this makes the product development process very time-

consuming. Another problem was inconsistency in the file versions through updates 

by different staff, and items being lost in file transfers. What greatly complicates the 

whole project management process is that the company workshops are all overseas. 

Production engineers at different workshops very often do not know the latest 

requirements from design engineers. Every time a design file is sent to a production 

engineer for quoting, the production engineer needs to spend a large amount of time 

studying the design file. With MCloud, production requirements are explicitly 

represented in a way that production engineers are more used to. With this file, a 

production engineer can easily access the production requirements. 

In terms of the completeness of ManuService, it was used to model several kinds of 

product of the company. It was found that ManuService covers all the key 

information to be tracked for production management. Especially with the feature-

based modelling approach, ManuService covers all the fundamental machining 

features used in an actual engineering practice. With just a couple of attributes, 

ManuService makes it easier for their engineers to model quality requirements for 

a product. It was suggested that more training materials are needed for their 

engineers to better understand the structure of the proposed data model. It would 

be better to have a more intuitive way to create projects with drag and drop 

operations, so that engineers can quickly understand the data model. 

Overall, positive feedback was received from the industry partner in regard to the 

developed ManuService data model and module functions. The product parsing 
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module can be a valuable tool for them to solve everyday production management 

problems.  

4.6 Product Parsing Module Summary 

The first module of MCloud enables explicit representation of production requests 

for highly customised products in a service-oriented business environment. An 

integrated ontology for personalised product modelling was developed for this 

purpose. In this data model, all the essential concepts for describing personalised 

products including production specifications, quality constraints, manufacturing 

processes, organisation information, cost expectations, logistic requirements, 

etcetera, have been properly defined and verified through industrial cases. Related 

concepts in existing international standards were utilised and integrated. In 

particular, conflicting concepts in different standards were analysed and improved 

for the use in a cloud-based manufacturing environment. RDF was used as the main 

carrier of these data, because RDF is rich in semantics, clear in data structure and 

flexible. For protecting service consumer IP, a semantic-based description method 

for machining features was proposed. In this method, only critical information for 

identifying down-stream manufacturing activities is required for describing a 

machining feature. In this way, most of the design data are not disclosed to 

unwanted third parties.  

A user-friendly web portal was developed for service consumers to raise service 

requests. A consumer needs only to prepare an XML-based file based on 

ManuService specifications and upload it through the user interface. MCloud is then 

able to parse it and validate the correctness of the uploaded project. The validation 

function of the product parsing module gives a consumer intuitive assistance in 

creating error-free service requests. Case studies using the developed data model 

and system functions demonstrated the ability of the module functions to deal with 

practical cases.
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Chapter 5  

Resource and Capability 

Virtualisation 

This chapter focuses on using semantic web technologies as the modelling method 

for virtualising manufacturing resources and capabilities in a cloud manufacturing 

environment. The intention is to lay a foundation upon which a second major 

module for resource virtualisation can be developed. An integrated data model for 

manufacturing resources and capabilities has been developed to allow 

manufacturing capability modelling at various granularity levels. What is also 

important here is to investigate potential mechanisms to protect service-provider 

know-how. A case study is also examined to validate the performance of the 

proposed approach. Contents of this chapter have been adapted and included in Lu, 

Shao, Singh, Xu, and Ye (2014), and Lu and Xu (2015b). 

5.1 Introduction 

Cloud manufacturing gives manufacturing companies a new way to engage in the 

global business environment, to provide scalable and virtualised resources as 

consumable services over the Internet. Service providers can come together to form 

a temporary alliance to take manufacturing jobs in the cloud. In this environment, 

geographically isolated manufacturers integrate and share manufacturing 

resources and knowledge, to provide configurable services. To facilitate effective 
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business interactions in a cloud environment, distributed resources and capabilities 

need to be identified, virtualised, and encapsulated (Xu, 2012).  

In this three-step process, resource and capability virtualisation is perhaps the most 

challenging step, because quality of virtualisation determines the robustness of a 

cloud infrastructure and accuracy of a service offering. Compared with a typical 

cloud computing environment, it is much more challenging to realise these 

functions for a cloud manufacturing application. One of the key reasons is that there 

are a wide variety of manufacturing resources used in practical production 

activities. It is hard to establish an integrated model for representing complex 

manufacturing resources and capabilities. This resource virtualisation module 

addresses the problem of modelling manufacturing resources and capabilities in the 

cloud environment, and gives service providers a means to easily connect their 

manufacturing resources to the cloud. The ability to virtualise manufacturing 

resources in a structured data model and complete the whole process through a few 

simple clicks on a web page could greatly improve the usability of cloud 

manufacturing for service providers. 

The rest of the chapter is organised as follows: Section 5.2 introduces the overall 

research challenges in resource virtualisation. Section 5.3 details the development 

approach and data model that were subsequently developed. In Section 5.4, we 

present a case study of utilising the proposed data for virtualising manufacturing 

resources. In particular, instructions on using the developed module for resource 

management in a company are presented. This is followed by a discussion of the 

results, and implications for future module development, in Section 5.5. 

5.2 Resource Virtualisation in Cloud Manufacturing Environment 

As discussed in previous section, resource virtualisation is the main activity needed 

for manufacturers to connect in-house resources to the cloud environment. What 

are the assets that a manufacturer can model as services? Basically, whatever can 

be used over the duration of the whole product life cycle can be potentially 

virtualised to the cloud and offered as a service. In common understanding, 

manufacturing assets consist of diversified and distributed manufacturing 
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resources (equipment, materials, software, knowledge, and skills) and 

manufacturing capabilities (design, production, experimentation, management, and 

communication) (refer to Figure 3.2 for detailed classification). These assets are 

allocated to consumers on demand. To achieve this, the following actions need to be 

performed: 

 creating models for resource data: abstraction of real-world 

manufacturing assets and services as virtualised assets stored in the 

cloud 

 performing the description of these virtualised assets as cloud services 

that can be used by any consumer in the cloud 

A key characteristic of virtualisation is quality. It determines the robustness of a 

cloud infrastructure and the reliability of service composition. First, the 

identification of manufacturing resources has to be performed. Manufacturing 

resource information then has to be virtualised and monitored in real-time. The 

main problem to be addressed here is heterogeneity of manufacturing assets: multi-

domain, multi-level and multi-granularity (Liu, Li, & Shen, 2014). Compared to 

virtualisation in cloud computing, virtualisation in cloud manufacturing addresses 

the problem of establishing a comprehensive data model for representing 

manufacturing assets.  

Although there have been some standardisation efforts on representing machine 

tools and cutters (ISO, 2014b), the information tracked in these standards focuses 

more on the physical information of a resource, such as geometrical shape, mass, 

and dimensions. These data can give users some idea about the capability of a 

manufacturing resource. However, determining the capability of a manufacturing 

resource still relies on the experience of engineers. To better represent the 

capability information of a resource, a ‘capability-oriented’ data model is required. 

In this data model, information should focus on ‘what-I-can-do’ information. This 

means the data model can adequately reveal what a manufacturing resource can be 

used for under which conditions. Under this framework, it is best that the capability 

of a manufacturing resource can be represented at various granularity levels (Liu & 
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Li, 2012). This allows the right level of capability information to be used for a service 

need at a certain level.  

Another important issue in resource virtualisation is that different companies may 

have different definitions of a manufacturing resource’s capability, due to 

differences in engineer capability, business constraints, etcetera. Therefore, a good 

resource virtualisation mechanism should allow customised description, to reflect 

these differences. This means custom know-how, associated with a manufacturing 

resource, should be part of the description model. In addition, IP is equally 

important to service providers. How to prevent know-how leakage while accurately 

representing a resource’s capability is a very challenging issue. 

5.3 Research Approach  

The research in this regard was motivated to develop a comprehensive ontology for 

manufacturing assets, which supports the ‘capability-oriented’ modelling of 

manufacturing resources and rule-based specifications of resource capability. 

Similar to developing service-oriented product models in Chapter 4, the emphasis 

is placed upon integrating existing standards and industry practice.  

5.3.1 Research Methodology Overview 

The proposed description framework not only covers the technical properties of a 

manufacturing resource, which can usually be found in its product manual, but also 

places a special focus on the functional capabilities of a resource. Take CNC milling 

machine as an example. Its technical properties include manufacturer, operation 

instructions, machining envelope, control system, maximum spindle speed, mass, 

foot-print, etcetera, whereas functional capabilities include planar face milling, 3D 

free-form surface milling, drilling, boring, pocketing, etcetera. Traditionally, 

product manuals from equipment manufacturers only provide explicit descriptions 

on physical properties and technical details of a product. Instructions on how to use 

the product properly and best practice in different application scenarios are often 

not well-documented for systematic reference. All the information is extracted from 

relevant international standards and engineering practice. In terms of data format, 
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ontology is used to represent the proposed description model. This section 

illustrates the methodology development and ontology design strategy. 

In terms of the ontology development process, the proposed systematic 

development process for manufacturing ontology (See Section 4.3.1) is utilised. It 

should be noted that incorporation of existing international standards and 

engineering practice is the key in this process. Apart from ontology development, 

another important feature is to allow custom capability modelling of a 

manufacturing resource. This is extremely important in practical situations. For a 

manufacturing asset of the same kind, it may be understood with different 

capabilities in different workshops. Sometimes, this kind of value difference gives a 

manufacturer competitiveness in a fierce market. To enable custom specifications 

of add-on capabilities of a manufacturing resource, semantic web rule-based 

modelling technology is used. 

5.3.2 Semantic Web Rule Languages 

Semantic web rule languages provide the required expressiveness, enabling 

machine interpretation, automated processing and translation into other such 

semantic web languages, some of which are also the execution syntax of rule 

engines. They may be used for data publication purposes on the semantic web as 

well. There have been several efforts aiming at building a general rule mark-up 

standard for the semantic web. Some of the notable semantic web rule languages 

include: RuleML (Rule Markup Language) (Boley, Paschke, & Shafiq, 2010), SWRL 

(Horrocks et al., 2004), and RIF (Rule Interchange Format) (Kifer, 2008), as well as 

platform-specific rule engine languages such as Jena (Jena, 2013). 

RuleML is a mark-up language developed to express rules in XML for deduction, 

rewriting, and further inferential-transformational tasks. SWRL is defined as a 

language combining sublanguages of the OWL with the Unary/Binary Datalog 

RuleML sublanguages of the RuleML. It extends the set of OWL axioms to include 

Horn-like rules. The proposed rules are in the form of an implication between an 

antecedent (body) and consequent (head). The intended meaning can be read as: 

whenever the conditions specified in the antecedent hold, then the conditions 
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specified in the consequent must also hold. The RIF Working Group is another 

standardisation effort, chartered by W3C in 2005, to create a standard for 

exchanging rules among rule systems, in particular among Web rule engines. RIF 

focused on exchange rather than trying to develop a single one-fits-all rule language. 

The approach taken by the Working Group was to design a family of languages, 

called dialects, with rigorously specified syntax and semantics. The family of RIF 

dialects is intended to be uniform and extensible. Recognising that RIF rules should 

be able to interface with RDF and OWL ontologies, the RIF Working Group has also 

defined the necessary concepts to ensure the compatibility of RIF with RDF and 

OWL.  

In contrast to these standardisation efforts in semantic web rule language, there are 

some platform-specific rule languages. For example, Apache Jena is an open source 

semantic web framework for Java. Jena has native support for semantic rules. In the 

latest version, a rather simple parser is included that allows rules to be specified in 

a reasonably compact form in text source files. Another good example is Prova 

(Kozlenkov, 2010), an open source rule language for creating distributed 

collaborating agents. One of the key advantages of Prova is its separation of logic, 

data access, and computation, as well as its tight integration of Java, semantic web 

technologies and enterprise service-oriented computing, and complex event 

processing technologies. 

In the MCloud project, the rule-based capability description supplements the RDF-

based ontological description of manufacturing resources. Therefore, the selected 

semantic web rule language should be able to interface with RDF and OWL. In 

addition, given the requirement of querying distributed manufacturing resources 

for resource composition, it should also support semantic web query languages 

such as SPARQL. In this project, Jena was selected as the language tool, as it supports 

rule-based inference over RDF graphs.  

5.3.3 Jena Rule Syntax and Structure 

As illustrated above, Jena includes a general purpose rule-based reasoner that is 

used to implement both the RDFS and OWL reasoners. This section presents some 
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introductory information on Jena rule syntax and structure. A Jena rule is defined 

by a Java Rule Object with a list of body terms (premises), a list of head terms 

(conclusions), an optional name and optional direction. Each term is either a triple 

pattern, and extended triple pattern or a call to a built-in primitive. A rule set is 

simply a list of Rules. An informal description of the simplified text rule syntax is as 

follows: 

Rule           :=    bare-rule
                  or    [ bare-rule ]
                  or    [ ruleName : bare-rule ] 

bare-rule   :=    term, ... term -> hterm, ... hterm       // forward rule 
                   or    bhterm <- term, ... term                     // backward rule

hterm         :=    term 
                   or    [ bare-rule ]

term            :=    (node, node, node)                             // triple pattern
                    or    (node, node, functor)                         // extended triple pattern 
                    or    builtin(node, ... node)                        // invoke procedural primitive

bhterm        :=    (node, node, node)                            // triple pattern

functor        :=    functorName(node, ... node)           // structured literal

node            :=    uri-ref                                                  // e.g. http://foo.com/eg 
                    or    prefix:localname                               // e.g. rdf:type 
                    or    <uri-ref>                                             // e.g. <myscheme:myuri> 
                    or    ?varname                                          // variable 
                    or    'a literal'                                             // a plain string literal 
                    or    'lex'^^typeURI                                  // a typed literal, xsd:* type names supported 
                    or    number                                             // e.g. 42 or 25.5

 

Figure 5.1 Jena rule syntax 

Below is a simple example of Jena rules. Line 1 defines a prefix that can be used in 

the subsequent rule set. Rule 1 means if someone loves basil, he/she loves food too. 

Rule 2 means if someone loves food, he/she loves mustard. Rule 3 means if someone 

loves mustard, he/she is a ‘MustardEatingPerson’ and print out ‘Mustard World’. 

Rule 4 means if someone is a student, he/she is an academic. Rule 5 means if 

someone is a person, print out ‘someone is a Person’. 
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1    @prefix drc: <http://www.codesupreme.com/#> 
2
3    [rule1: (?u drc:loves drc:basil)  -> (?u drc:loves drc:food)]
4    [rule2: (?u drc:loves drc:food)   -> (?u drc:loves drc:mustard)]
5    [rule3: (?x drc:loves drc:mustard) -> print('Mustard World') (?x rdf:type   
6    drc:MustardEatingPerson)] 
7    [rule4: (?x rdf:type drc:Student) -> (?x rdf:type drc:Academic)]
8    [rule5: (?x rdf:type drc:Person)  -> print(?x, ' is a Person')]

 

Figure 5.2 Simple Jena rule example 

5.3.4 Resource Virtualisation Mechanism 

Based on the discussions above, a virtualised manufacturing resource includes two 

parts: a mandatory ontology instance represented in RDF/XML, and an optional 

capability description represented in Jena (Figure 5.3). Semantic rules provide 

users with the possibility of modelling implicit knowledge in the manufacturing 

domain that cannot be represented by ontologies. This feature will largely improve 

the modelling capability of manufacturing resources. Both of these parts refer to a 

shared vocabulary for manufacturing resources and capabilities, which is an 

ontology that was developed in this project. In this virtualisation scheme, different 

instantiation templates are provided to enable fast virtualisation of typical 

resources used in engineering practice.  

References

Ontology Instance
RDF/XML

Detailed Capability 
Description
Jena Rules

Virtualised Manufacturing Resource

Shared 
Vocabulary for 

Resource

 

Figure 5.3 Resource virtualisation mechanism 

5.4 Ontology for Manufacturing Resources and Capabilities 

The previous section elaborated on the research approach and representation 

languages. This section details the current version of the proposed ontology for 
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manufacturing resources and capabilities. The overall development process 

followed the ontology development methodology proposed in Section 4.3.1. In 

particular, one of the key activities in this process was examining existing 

international standards and product manuals from major machine tool suppliers. It 

has to be noted that there are various kinds of manufacturing resource used in 

practical production activities, and the complexity continues to grow because of the 

explosion of emerging fabrication methods, such as 3D printing and selective laser 

sintering. In this ontology, the resources are constraints on tools used for 

conventional CNC machining. 

5.4.1 Overview of the Proposed Ontology 

As per previous discussions, the proposed ontology is mainly for virtualising 

manufacturing assets and describing manufacturing capabilities (Figure 5.4). It 

deals mainly with information about ownership, technical and functional properties 

and quality of a manufacturing resource. The domain knowledge is sourced from 

domain experts, reusable ontologies, related industrial standards, machine tool 

vendors, and potential use cases. 

Domain: Manufacturing business in the cloud
Date: 12/09/2014
Ontology Engineer: Michael Lu

Goal of the ontology:
    Representing manufacturing resources and capabilities in a cloud environment
Domain and Scope:
    Owner, technical and functional properties, quality and other aspects of a manufacturing resource
Knowledge sources:
    Manufacturing companies and mechanical engineers (domain experts)
    Existing ontologies
    Related industrial standards
    Knowledge base from machine tool vendors
    CAD/CAM/PLM software
Users and use cases:
    Users: Service providers
    Use Case 1: Virtualise a manufacturing resource
    Use Case 2: Model the manufacturing capability of a company

 

Figure 5.4 Ontology requirements specification document (Manufacturing 
resource) 
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Manufacturing resources can be categorised as two types, namely, soft resources 

and hard resources, as shown in Figure 3.2. Soft resources include software, 

knowledge, standards, employees, etcetera. Hard resources refer to facilities that 

are critical to the production process. Manufacturing capability reflects the ability 

of a business to undertake a certain task. This capability includes design capability, 

experimentation, production, and management capability. 

After the scope is identified, existing ontologies and industry standards are 

considered. At the time of this research, there is no officially recommended ontology 

in the manufacturing domain on the W3C website. In the manufacturing domain, 

the most notable industry standard is STEP/STEP-NC, which is a new generation 

standard that utilises the application of STEP methods to support CNC machine 

tools. The standard consists of several parts, each focused on a particular 

application domain. Some of the parts are listed in Table 5.1 and these parts should 

be incorporated.  

Table 5.1 STEP-NC parts 

Part Number Title Publication date 

ISO 14649: 1 Overview and fundamental principles 2003 

ISO 14649: 10 General process data 2003 

ISO 14649: 11 Process data for milling 2003 

ISO 14649: 12 Process data for turning 2005 

ISO 14649: 111 Tools for milling 2004 

ISO 14649: 121 Tools for turning 2005 

ISO 14649: 201 Machine tool data for cutting process 2011 

 

In this case, we adopted an approach that is slightly different from the generic 

process introduced in Section 3. A Protégé plugin called OntoSTEP (Barbau et al., 

2012) allows EXPRESS schemas and Part21 files to be translated to ontologies 

represented in the OWL language, which enhances semantic interoperability by 

allowing logical reasoning and inference mechanisms. Hence, we created the 

proposed ontology by first merging all relevant ISO 14649 parts, and then 

converting them to ontology using OntoSTEP. Following this, we examined the 

integrity of the ontology, and manually added additional compulsory classes and 

individuals in Protégé, an open-source ontology editor. To be specific, a combined 
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schema of ISO 14649—Part 10, Part 11, Part 12, Part 111, Part 121 and Part 201 

was created and a consistency check was carried out by the online EXPRESS Schema 

Checker released by STEP Tools, Inc. (EXPRESS Schema Checker). Then the verified 

schema was fed into Protégé and converted into an ontology using OntoSTEP. As 

can be seen from Figure 5.5, EXPRESS entities and instances were mapped 

respectively to OWL classes and individuals. Attributes correspond to OWL 

properties ObjectProperties link classes together, while DataProperties link classes 

to data types.  A complete summary on the proposed OWL mapping of the basic 

concepts of EXPRESS is available at Barbau et al. (2012).  

 

Figure 5.5 Ontology for cloud manufacturing created from STEP-NC standards 

Next, it is necessary to verify the created ontology against default resource 

specifications from machine tool vendors and potential application scenarios in 

cloud manufacturing. The main task is to examine whether manufacturing 
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resources can be readily and truly represented by the created ontology. New classes 

and properties are considered where essential information about a resource cannot 

be handled by the ontology. For instance, the generated ontology lacks a 

geometrical description of face milling cutters. In order to enrich its modelling 

capability, definitions from ISO 13399 are added to the ontology, for comprehensive 

representation of face milling cutters. In some cases, industrial practice represents 

a more efficient approach to data management, as the declared information for a 

manufacturing resource makes more sense for market interests. Hence, mature 

practice from the industry needs to be integrated into the ontology. To demonstrate 

the integration process, descriptions for cutters from SANDVIK and descriptions for 

machining centres from OKUMA were integrated into the ontology, after some 

further simplification of eliminating parameters that contribute less to decision-

making in a cloud manufacturing environment. As can be seen from Figure 5.6, 

definitions for cutters, such as depth_of_cut_maximum, body_diameter and 

overall_length from ISO 13399, were imported into the ontology. The ontology is 

further enriched by integrating selected descriptive declarations for cutters, based 

on industrial practice, especially from machine tool venders. It is important to note 

that this ontology is only created for initialisation in cloud manufacturing systems. 

An ontology dynamically evolves as more explicit knowledge is captured from 

domain experts, consumer complaints and system faults, thus enhancing system 

intelligence and decision-making efficiency.  



Chapter 5 – Resource and Capability Virtualisation 

91 

 

 

Figure 5.6 Further integration on machine centres and cutters 

5.4.2 Capability Description for Machine Tools 

The figure below (Figure 5.7) presents a small subset of the resulting ontology with 

a capability description for machine tools. In this ontology, engineering practice in 

classifying a CNC machine tool was incorporated into the ontology. Based on 

investigation with major machine tool vendors such as Mazak, OKUMA, and DMG, it 

was found that machine tools are mainly classified as milling machines, turning 

machines, machining centres and multi-tasking machines. Another attribute is the 

number of axes that a CNC machine tool can move on simultaneously. At the present 
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stage, there are machine tools that can support 5-axis machining. However, some 

machine tool vendors provide multi-axis machines with more than nine axes. It has 

to be noted that this kind of machine tool can still support multi-axis machining up 

to 5-axis; the difference is, they can support multi-task machining simultaneously. 

In the ontology, only 2-axis to 5-axis are defined as machine types. However, to 

reflect the multi-task capability of a machine tool, a list of machine functions were 

created, including turning, milling, drilling, grinding, etcetera. A machine tool can 

have multiple machine functions associated with it. 
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Figure 5.7 Top-level capability description for machine tools 

A custom virtualisation template was created for a unique type of machine tool. This 

is to help service manufacturers easily connect manufacturing resources in use to 

the cloud. In this process, the data properties converted from STEP-NC standards 

were abridged; the attributes for describing a machine tool’s physical components 

were deleted. Take ‘Quick Turn Nexus 100-II MS’ (Mazak Corporation, n.d.) as an 

example; the final description model is as follows (Figure 5.8). This CNC turning 

centre with multi-tasking capability features milling capability and a second turning 

spindle to process parts in single operation. For other types of machine tools from 

major machine tool vendors, a custom description template is created for each 

unique product series.  
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Figure 5.8 Ontology model for Mazak Quick Turn Nexus 100-II MS 

5.4.3 Capability Description for Cutters 

In CNC machining practice, selection of cutting tools is as complex as choosing a 

machine tool. The decision-making process depends highly on the specifications of 

the target component and available machines. A specific cutter can only perform 

well under particular conditions. For example, a turning tool may only support 

profiling at the roughing stage, and the achieved quality can only fall into a given 

range. Sometimes a cutter can only work with a coolant supply and can only be used 

for a specific kind of workpiece material. These constraints are important aspects 

that need to be considered in the process of constructing the ontology. In cloud 

manufacturing, the main question related to cutters is to determine if a cutter can 

be used for the production of a workpiece. Therefore, only component-related 

constraints need to be included in the description model; other constraints do not 

need to be covered by the ontology as they are in-house process know-how, and a 

consumer does not need to access this information. For this reason, the main 

capability description for cutters mainly focuses on the material a cutter can 

process and the machining process(es) a cutter can be used for. 
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The metal cutting industry produces a wide variety of components, machined from 

many different materials. Each material has its own unique characteristics that are 

influenced by the alloying elements, heat treatment, harness, etcetera. The 

component material strongly influences the choice of cutting tool geometry, grade 

and machining parameters. Therefore, workpiece materials have been divided into 

six major groups, in accordance with ISO standard (ISO, 2013), and each group has 

unique properties regarding machinability (Table 5.2). 

 ISO P – steel is the largest material group in the metal cutting area, ranging 

from unalloyed to high-alloyed material, including steel castings and ferritic 

and martensitic stainless steels 

 ISO M – stainless steels are materials alloyed with a minimum of 10.5 

percent chromium; other alloys may include nickel and molybdenum. For 

stainless steel, the cutting edges are exposed to a great deal of heat, notch 

wear and built-up edge 

 ISO K – cast iron is, in contrast to steel, a short-chipping type of material. 

Grey cast iron (GCI) and malleable cast iron (MCI) are quite easy to machine, 

while nodular cast iron (NCI), compact cast iron (CGI) and austempered cast 

iron (ADI) are more difficult. All cast iron contains SiC, which is very 

abrasive to the cutting edge. 

 ISO N - nonferrous metals are softer metals, such as aluminium, copper, and 

brass. Generally, high cutting speeds and long tool life can be expected for 

inserts with sharp edges 

 ISO S – heat resistant alloys include a great number of high-alloyed iron-, 

nickel-, cobalt- and titanium-based materials. They are very similar to the 

ISO M area but are much more difficult to cut, and reduce the tool life of the 

inserts 

 ISO H – this group includes steels with a hardness between 45-65 HRC, and 

also chilled cast iron around 400-600 HB. The hardness makes them all 
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difficult to machine. The materials generate heat during cutting and are very 

abrasive on the cutting edge 

Table 5.2 Grouping of workpiece material 

Material 
Groups 

ISO P ISO M ISO K ISO N ISO S ISO H 

Steel 
Stainless steel 

Ferritic & 
Martensitic 

Stainless 
steel 

Cast 
iron 

Nonferrous 
materials 

Heat 
resistant 

alloys 

Hardened 
materials 

 

Machining is any of various processes in which a piece of raw material is cut into a 

desired final shape and size by a controlled material-removal process. The 

differences between the various types arise from the relative motion between 

cutting tool and workpiece and the type of cutting tool used. As a result, machining 

processes are classified as turning, milling, and hole-making processes (Figure 5.9). 

For turning operations, there are dedicated cutters for general turning, parting off, 

and grooving. General turning can be further classified as external turning and 

internal turning, based on the spatial pattern between the component and cutter. 

Turning can be broken down as longitudinal turning, facing or profiling. Grooving 

requires a different kind of cutter from that used for general turning, although both 

of these processes employ a lathe. Based on the characteristics of the target 

machining feature, a grooving process can be further differentiated as external 

grooving, internal grooving, and face grooving. Milling includes a number of highly 

versatile machining operations taking place in a variety of configurations. It mainly 

includes plain milling, face milling, end milling, form milling, profile milling, slot 

milling, chamfering, gear milling, and turn milling. The hole-making process can be 

classified as general drilling, chamfer drilling and step drilling, according to the 

characteristics of the hole. Chamfer drilling produces holes with a chamfer or some 

deburring; some typical examples are screw and rivet holes. Step drilling is used for 

producing a stepped or stepped and chamfered hole. Typical applications are 

components with screws or bolts where the head needs to be hidden. When 

enlarging or improving the quality of an existing hole, boring is used. Reaming is 

usually a finishing operation to achieve high-precision holes. Three different 
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threading methods (thread turning, thread milling, and tapping) are used, 

depending on the component, the machine, and batch size.   
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Figure 5.9 Classification of machining method for cutters 

A class called MaterialGroup was created in the proposed ontology, and six 

instances of this class were created as built-in individuals in the ontology, namely, 

ISO_P, ISO_M, ISO_K, ISO_N, ISO_S, and ISO_H (Figure 5.10). In the proposed ontology, 

these machining methods were added as instances of the MachiningFunction class. 

A cutting tool can be linked to these capability tags when being inserted into the 

knowledge base. It should be noted that a cutting tool can be tagged with multiple 
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keywords. For example, a cutter may be able to process all the materials under six 

groups. In addition, a machining process was divided into roughing, semi-finishing 

and finishing, according to differences in machining goals and strategies at different 

machining stages. 
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Figure 5.10 Top-level capability description for cutting tools 

5.5 System Functions and Case Study 

The developed ontology provides a solid mechanism for representing real world 

manufacturing resources. This section outlines the resource virtualisation process 

in MCloud with support from the developed ontology. 

5.5.1 Resource Virtualisation Process in MCloud 

As discussed, resource virtualisation in MCloud adopts a ‘template-per-resource’ 

approach; each predominant kind of manufacturing resource is given a custom 

template with all the required data fields and common attributes populated (Figure 

5.11). When a user tries to connect a manufacturing resource to the cloud, the 

MCloud system is able to select the correct template at the backend, as the user 

types. When all data fields are populated, the related data placeholders are updated 
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with data attributes input by the user through the web interface. In addition, 

optional capability descriptions for a manufacturing resource can be inserted 

through the web interface. This information will be stored in a dedicated database, 

together with the updated instance file. 

Resource TemplateResource Attributes

Resource Capability Description in Jena

Updated Instance

Additional Description

 

Figure 5.11 Resource virtualisation process in MCloud 

Taking ‘Mazak Quick Turn Nexus 100-II MS’ as an example, the semantic template 

for this kind of machine tool is as follows, with all the basic capability information 

specified (Figure 5.12). When a new instance of this type of machine is virtualised 

to the cloud, only the names of machine, spindles, turret, and machine owner will 

be updated. Additional capability descriptions in Jena rules are directly stored in 

the backend database and associated with the resource instance. 
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    <owl:NamedIndividual rdf:about="&ms;%%SPINDLE1%%">
        <rdf:type rdf:resource="&ms;Spindle"/>
        <motorOutput rdf:datatype="&xsd;decimal">11</motorOutput>
        <chunkSize rdf:datatype="&xsd;decimal">6</chunkSize>
        <maxSpeed rdf:datatype="&xsd;decimal">6000</maxSpeed>
    </owl:NamedIndividual>

    <owl:NamedIndividual rdf:about="&ms;%%SPINDLE2%%">
        <rdf:type rdf:resource="&ms;Spindle"/>
        <motorOutput rdf:datatype="&xsd;decimal">11</motorOutput>
        <chunkSize rdf:datatype="&xsd;decimal">5</chunkSize>
        <maxSpeed rdf:datatype="&xsd;decimal">6000</maxSpeed>
    </owl:NamedIndividual>

    <owl:NamedIndividual rdf:about="&ms;%%TURRET%%">
        <rdf:type rdf:resource="&ms;Turret"/>
        <numOfTools rdf:datatype="&xsd;int">12</numOfTools>
        <maxSpeed rdf:datatype="&xsd;double">4500.0</maxSpeed>
        <motorOutput rdf:datatype="&xsd;decimal">6</motorOutput>
    </owl:NamedIndividual>

    <owl:NamedIndividual rdf:about="&ms;%%QTNNAME%%">
        <rdf:type rdf:resource="&ms;MazakQTN100IIMS"/>
        <hasOwner rdf:resource="&ms;%%COMPANYNAME%%"/>
        <travelXAxis rdf:datatype="&xsd;decimal">185</travelXAxis>
        <maxMachiningDiameter rdf:datatype="&xsd;decimal">280</maxMachiningDiameter>
        <travelZAxis rdf:datatype="&xsd;decimal">455</travelZAxis>
        <maxMachiningLength rdf:datatype="&xsd;decimal">455</maxMachiningLength>
        <maxBarWorkCapacity rdf:datatype="&xsd;decimal">51</maxBarWorkCapacity>
        <maxSwing rdf:datatype="&xsd;decimal">550</maxSwing>
        <hasFunction rdf:resource="&ms;Drilling"/>
        <hasFunction rdf:resource="&ms;Grooving"/>
        <hasFunction rdf:resource="&ms;Turning"/>
        <hasFunction rdf:resource="&ms;PocketMachining"/>
        <hasSpindle rdf:resource="&ms;%%SPINDLE1%%"/>
        <hasSpindle rdf:resource="&ms;%%SPINDLE2%%"/>
        <hasTurret rdf:resource="&ms;%%TURRET%%"/>
    </owl:NamedIndividual>

To be replaced by 
real name

 

Figure 5.12 Virtualisation template for Mazak Quick Turn Nexus 100-II MS 
machine tool 

5.5.2 System Functions 

A web interface was designed for manufacturers to add new resources to the cloud 

(Figure 5.13). On this web page, a manufacturer fills in a very simple web form 

which requires the following fields: 

 Name – the name of the new resource. This name should be unique within 

the company and the resultant resource is in the form of ‘Resource 

Name_Company Name’. This is to ensure the name of a resource is unique 

in the database, as it is very important for knowledge-based resource 

mapping at a later stage 
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 Description – detailed description of the inserted resource. This can 

include its location, characteristics, etc 

 Item Code – this provides a way of identifying specific items and 

categorising related inventory resources. It allows manufacturers fast 

resource identification and tracking 

 Category – this dropdown list includes a large number of predominant 

resource types on the market. When a category is selected, the related 

semantic model template is loaded at runtime. For example, if 

‘MazakQTN100IIMS’ is selected, the template in Figure 5.12 will be 

retrieved from the database and pre-processed 

 Status – this predefined dropdown list contains frequently-used 

keywords for representing a resource’s status. A resource’s status is used 

to determine its capacity 

 Optional Capability Description – this text area is for advanced 

manufacturers, with knowledge of Jena rule language, to input optional 

capability descriptions for a resource 
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Figure 5.13 Web interface for virtualising manufacturing resources 

A manufacturer can also view the list of resources in the cloud through MCloud 

(Figure 5.14). For each resource entry, its name, item code, detailed description, 

category, and status are retrieved from the database. A user can also click the icons 

to view detailed information of a resource, edit a resource or delete a resource.  
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Figure 5.14 Web interface for viewing connected resources 

5.5.3 Case Study 

A practical case study was undertaken to validate the proposed capability modelling 

approach and test the implemented user interface. The industry partner for this 

case study is the mechanical seal manufacturer introduced in Chapter 4. Their 

production is based on an engineer-to-order model, which subsequently requires 

sales engineers to track the production capability of each workshop. Conventionally, 

this process is carried out by email communications between sale engineers and 

production managers, and this process has been identified as one of the most 

tedious business processes throughout the project lifecycle, from prospect to 

commission. This dilemma results from a number of reasons; firstly, a sales 

engineer cannot easily understand the capability of a manufacturing resource and 

link feasible resources to a manufacturing job. Secondly, there is a lack of user-

friendly tools to facilitate capability modelling of manufacturing resources. In this 

case study, each geographically-distributed workshop under the corporate body is 

effectively a service provider, whereas the sale department plays the role of service 

consumer. This case study was undertaken to demonstrate the effectiveness of 
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capability modelling of a workshop, using the proposed ontology-based approach 

supported by the implemented user interface. 

MCloud provides much more than capability modelling at a resource level; 

capability modelling at the workshop level or an even higher level is also supported 

by the system (Figure 5.15). A company can specify its service capability in an 

abstract form – only providing controlled service keywords to the public. Each 

workshop under the company can then model the service capability on a more 

detailed level. This level of description can trace down to specific product categories 

or manufacturing activities that a workshop can offer. At the bottom level, detailed 

capability of in-house resources is described, using pre-defined semantic models 

and Jena descriptions. The three-level modelling mechanism gives companies great 

flexibility in virtualising service capabilities in a structured way.  

 

Figure 5.15 Three-level capability modelling mechanism  

In the case study, interviews were carried out with senior managers at a company 

to summarise its vision statement and service offerings. This process was to identify 

the unique product/service offerings of the company. It was concluded with the 

following company profile: 

“Company X is one of the leading international suppliers of industrial sealing solutions. 

Its products are installed wherever safety and reliability are major design 
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considerations, for example in the oil & gas, refinery, chemical, energy, food processing, 

paper, water, marine, aerospace and mining industries. A workforce of more than 

5,200 creative and highly motivated employees develops tailored solutions for its 

customers.” 

The translated semantic description is as follows (Figure 5.16): this description was 

input into the knowledge base through the web interface as an optional capability 

description. Note that the category needs to be selected as ‘General Capability’ to 

ensure the data entry is recognised as a description model for the company. 
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<owl:NamedIndividual rdf:about="&ms;CompanyX">
    <rdf:type rdf:resource="&ms;BusinessEntity"/>
    <hasProductionModel rdf:resource="&ms;Engineer_to_order"/>
    <hasProduct rdf:resource="&ms;Sealing_solution"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Engineer_to_order">
    <rdf:type rdf:resource="&ms;ProductionModel"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Aerospace">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Chemistry">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Energy">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Food_processing">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Marine">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Mining">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Oil_gas">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Paper">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Refinery">
    <rdf:type rdf:resource="&ms;Industry"/>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;Sealing_solution">
    <rdf:type rdf:resource="&ms;Product"/>
    <productAppliedIn rdf:resource="&ms;Aerospace"/>
    <productAppliedIn rdf:resource="&ms;Chemistry"/>
    <productAppliedIn rdf:resource="&ms;Energy"/>
    <productAppliedIn rdf:resource="&ms;Food_processing"/>
    <productAppliedIn rdf:resource="&ms;Marine"/>
    <productAppliedIn rdf:resource="&ms;Mining"/>
    <productAppliedIn rdf:resource="&ms;Oil_gas"/>
    <productAppliedIn rdf:resource="&ms;Paper"/>
    <productAppliedIn rdf:resource="&ms;Refinery"/>
</owl:NamedIndividual>

 

Figure 5.16 Capability description for Company X in semantic model 

The workshop involved in this case study is the company’s development centre in 

New Zealand, which is responsible for delivering projects from the Australia design 

centre and the branch in Japan. This workshop is capable of fabricating and 
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assembling most sealing parts, except that the grinding process has to be 

outsourced to another workshop in Australia because of resource limitations. The 

resultant semantic model is as follows: 

<owl:NamedIndividual rdf:about="&ms;CompanyX_WS_NZ_Add">
    <rdf:type rdf:resource="&ms;Address"/>
    <postalCode rdf:datatype="&rdfs;Literal">0631</postalCode>
    <streetAddress rdf:datatype="&rdfs;Literal">47 William Pickering Drive</streetAddress>
    <addressLocality rdf:datatype="&rdfs;Literal">Auckland</addressLocality>
    <addressCountry rdf:datatype="&rdfs;Literal">New Zealand</addressCountry>
    <addressRegion rdf:datatype="&rdfs;Literal">Rosedale</addressRegion>
</owl:NamedIndividual>
<owl:NamedIndividual rdf:about="&ms;CompanyA_WS_NZ">
    <rdf:type rdf:resource="&ms;BusinessEntity"/>
    <hasOwner rdf:resource="&ms;CompanyX"/>
    <hasCapability rdf:resource="&ms;Drilling"/>
    <hasCapability rdf:resource="&ms;Finishing"/>
    <hasCapability rdf:resource="&ms;Milling"/>
    <hasCapability rdf:resource="&ms;Roughing"/>
    <hasCapability rdf:resource="&ms;Semifinishing"/>
    <hasCapability rdf:resource="&ms;Turning"/>
</owl:NamedIndividual>  

Figure 5.17 Capability description for Workshop_NZ in semantic model 

At the resource level, the case workshop owns several multi-tasking CNC machines 

and cutters. The engineers at the workshop have years of CNC machining 

experience, which gives the workshop the ability to process some very complex 

machining requirements with unique process know-how. As a result, additional 

capability description was added to the resources. For example, their Mazak Quick 

Turn Nexus 100-II MS machine tool can support an end milling operation with a 

turning set-up. The description detail is shown as follows (Figure 5.18). The 

additional know-how is modelled with a Jena rule. 
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Figure 5.18 Virtualised machine tool at Workshop_NZ with optional capability 
description 

5.5.4 Discussions 

Based on the case study results, it can be said that the developed resource 

virtualisation mechanism facilitates multi-granularity capability modelling from 

enterprise level down to resource level. The developed case study was found to be 

very useful in helping the company understand their production capability at 

detailed levels. This information gives them the ability to improve the visibility of 

asset performance within the company.  

For the demonstrated case study, the successful application of semantic-based 

resource virtualisation was attributable to two key factors; an authoritative 

resource virtualisation template and an easy-to-use web interface. It was found that 

the developed resource virtualisation template gives them a quick way to model 

manufacturing capability and assets with very simple data entry. It was appreciated 

the developed data model is compatible with existing international standards and 

the best practice of machine tool vendors. In addition, the intuitive web interface 
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gives the engineers the ability to easily understand what information is required for 

virtualising a manufacturing resource, and what steps need to be followed for 

connecting a manufacturing resource to the cloud. According to industry partner 

feedback, the optional capability modelling interface has helped them greatly in 

improving their resource capability. They appreciated the idea that the same 

manufacturing resource in different companies can mean totally different 

production capability through different understandings of process know-how, 

internal and external constraints, etcetera. It was suggested that more machine tool 

vendors should be connected to the system in future, to provide more authoritative 

resource virtualisation templates, and more system assistance should be provided 

for users, to minimise errors when inputting optional capability descriptions. 

5.6 Resource Virtualisation Module Summary 

A generic framework for resource virtualisation was developed and implemented 

for this resource virtualisation module of the MCloud system. The proposed 

approach draws inspiration from past resource virtualisation resource outcomes. It 

provides a consolidated way of representing multi-domain, multi-level and multi-

granularity resource information. The proposed data model was a ‘capability-

oriented’ data model that explicitly expresses ‘what-I-can-do’ information about a 

company, a workshop and a resource. It also provides the flexibility of representing 

customised know-how associated with a manufacturing asset. This flexibility was 

achieved through the novel application of semantic-web technologies, to form a 

comprehensive knowledge base that enables resource owners to write customised 

semantic rules for the target resource. Note that the developed data model 

incorporated existing ontologies and international standards, which gives the 

proposed data model additional credibility and reusability, and allows it to be better 

integrated with existing legacy PDM systems. In MCloud, a clean and simple web 

interface was developed, to simplify the process of resource virtualisation into 

several simple clicks and data entry. In MCloud, each major kind of manufacturing 

resource is given a virtualisation template with all required data fields and common 

attributes populated. To validate the proposed approach, a practical case study was 

undertaken at a local company, to virtualise their manufacturing resources and 
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production capabilities. This case study showcased how a multi-granularity 

capability model is facilitated by the proposed virtualisation approach. Company-

level capability was modelled by converting its vision statement and profile into 

machine-readable semantic data, using concepts from the ontology. At the 

workshop level, more detailed capability was specified and explicit resource 

description was constructed on the resource level. Overall, the case study is 

considered to be a success, and feedback was able to help the case company 

virtualise their manufacturing capabilities on multiple levels. 

The most notable aspect of the resource virtualisation module is its flexibility in the 

virtualisation process. While the developed system enables manufacturers to 

quickly virtualise manufacturing assets, semantic-web rule languages and 

inferences also give advanced service providers the potential to add custom know-

how, to provide more accurate modelling of their resources. This feature is 

regarded as very important for minimising errors in downstream service 

composition activities, as the quality of virtualisation is one of the keys in service 

composition. Future work should look into the upgrade of this feature using natural 

language processing technologies to allow capability description without the Jena 

syntax.  
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Chapter 6  

Hybrid Cloud Environment 

This chapter focuses on the study of access control of manufacturing assets in the 

cloud, to enable agile switching between different cloud modes. The intent is to 

provide a feasible approach to facilitating access control at the resource level, and 

investigate how the proposed technology could enable the construction of a hybrid 

cloud manufacturing environment. The research work, in this regard, is to 

investigate the importance of being able to switch among different cloud modes, 

how advanced IT technologies can address these challenges, and step-by-step 

implementation guidelines for industry application. The content of this chapter has 

been adapted from Lu, Xu, and Xu (2014). 

6.1 Introduction 

Several cloud manufacturing systems have been proposed for different business 

scenarios, most of which fall into one of three deployment modes; private, 

community, or public cloud. One of the challenges in the existing solutions is that 

few of them are capable of adapting to changes in the business environment. In fact, 

different companies may have different cloud requirements in different business 

situations, and even a company at different business stages may need different 

cloud modes. Nevertheless, there is limited support for migrating to different cloud, 

in existing solutions. The access control module addresses the problem of resource-

access control in the cloud, and provides service providers with a feasible solution 

for switching among different cloud deployment models. The ability to set custom 
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access rules for each resource could greatly improve business agility for cloud 

adopters. 

The main research question in this is how to develop an access control mechanism 

for establishing complex access rules at the resource level. Access control is widely 

used in today’s commercial applications, as an effective means to increase security 

levels, by restricting resource access based on predefined access rules. A leading 

access-control mechanism in commercial systems is Role-based Access Control 

(RBAC) (Sandhu, Ferraiolo, & Kuhn, 2000; Sandhu, Coyne, Feinstein, & Youman, 

1996). This is a method of regulating access to computer or network resources-

based on the roles of individual users within an enterprise. In this context, access is 

the ability of an individual user to perform a specific task, such as to view, create, or 

modify a file. The main problem with RBAC is that the mechanisms are built upon 

three predefined concepts: ‘user’, ‘role’ and ‘group’. The definition of roles and 

grouping of users can facilitate business management in an enterprise. This is 

because roles and groups fit well with the structure of a business entity. These 

mechanisms cannot accommodate more general access control scenarios, where 

access control needs to be defined in more complex conditions. The cloud 

manufacturing environment is a distributed, heterogeneous environment, where 

resource-access rules can be very complex and evolve with the marketing strategies 

in a company. Recognising the limitations of these access control models, in 

particular, their inability to represent contextual factors (e.g., the status of a 

manufacturing resource, the profile of a service consumer, and the time of access), 

a more flexible access control model is needed, to facilitate custom access control in 

a cloud environment. 

The rest of this chapter is organised as follows; Section 6.2 introduces the 

significance of switching among different cloud deployment modes for service 

providers, and research challenges for developing a hybrid manufacturing cloud. 

Section 6.3 details the research methodology and a case study setting different 

cloud modes for different companies. Practical guidelines for selecting a cloud mode 

for a resource are presented in Section 6.4. This is followed by a discussion of the 

results, and implications for future research, in Section 6.5. 
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6.2 An Overview of the Hybrid Manufacturing Cloud 

As discussed in Section 2.2.4, there are four types of cloud deployment modes: 

public, private, community and hybrid clouds. The hybrid cloud is believed to be the 

ultimate scenario, for companies, in the cloud. This is because when a company first 

moves to the cloud, it is straight forward to share a limited number of resources in 

the cloud as a trial. When a company becomes experienced in the cloud 

environment and understands its competitive edge in the market, it will have 

different marketing strategies and share plans for different resources. This will 

inevitably require a hybrid cloud environment for these service providers.  

What is more important than a hybrid cloud environment is the ability to change 

cloud deployment modes for a resource at ease. Today’s business entities value 

agility as one of their top requirements when implementing a new business model 

or business process. The ability to change between public, private, and community 

cloud for a manufacturing resource, gives its owner full control over who can access 

it, under which conditions, at what time. The agility to change a resource’s 

deployment mode means a company can dynamically alter business strategies, 

based on real-time feedback. Moreover, the ability to set access rules for a resource 

protects core assets of a company. Restricting access to a resource can deny access 

from unauthorised service consumers. Therefore, the core IP around protected 

manufacturing assets is kept within a managed circle. 

The hybrid cloud provides entities with great flexibility in managing their 

collaboration network. They are able to specify what cloud mode to use for 

individual resources. In other words, entities in cloud manufacturing can define 

access rules for each resource, as shown in Figure 6.1. This function conforms to 

real business interactions. Resource sharing in cloud manufacturing is conditional: 

each service provider makes resources available, subject to constraints on who, 

when, where and what can be done. For example, Company-A might only allow New 

Zealand-based customers in the next two weeks to access its machine tools; this 

leads to a user-defined cloud created by Company-A. The implementation of such 

constraints requires mechanisms for expressing policies, for establishing the 
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identity of a customer (authentication), and for determining whether an operation 

is consistent with applicable access policies (authorisation). 

 

Figure 6.1 Disparate resource-sharing requirements in different companies 

Developing a hybrid manufacturing environment requires implementation of an 

access control mechanism in the cloud. The shift from a centralised manufacturing 

organisation to a distributed cloud-based manufacturing network poses new 

requirements in both authorisation and access control methods. In the case of 

centralised systems, the same entity is responsible for the assignment of attributes 

or privileges to clients (Authorisation), and evaluation of access requests, to 

determine whether they are granted or not (Access control). All the information 

required to analyse and evaluate privileges is stored and managed locally in the 

same system resources reside in. This scheme does not accommodate an open 

distributed environment, as it lacks interoperability. It is not feasible to expect that 

heterogeneous systems developed by different parties will be able to define a 

common set of authorisation criteria.  

Some characteristics of the open manufacturing environment require rigorous 

consideration when designing an access control mechanism for it. The first one is 

heterogeneity. In the open cloud manufacturing environment, it is very common to 

have a large number of service providers or resource owners, with different service 

provision strategies and requirements. These requirements are sometimes very 

diverse and cannot be easily classified. Moreover, resources in the open cloud 
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environment are very heterogeneous. This heterogeneity implies very disparate 

access control requirements. Another aspect is interoperability. Business 

interaction in a hybrid environment requires access policies to be established 

among any potential participants. Interoperability is thus a central issue in the 

system. Interoperability is a fundamental concern, as access policies need to be 

initiated among arbitrary parties, accommodating new participants dynamically. In 

this context, access policies need to be implemented to be interoperable across 

organisational boundaries, business processes, and resource types. Without 

interoperability, there is no guarantee that the mechanisms in use will extend to 

any other suitable participant. Flexibility is also an important feature. Due to 

heterogeneity, and taking into account access control in cloud environment being 

designed to be applied in an open environment, flexibility is one of the most 

important goals to achieve. The model must be flexible to be applicable in different 

resource sharing scenarios with limited changes. This access-control mechanism 

should be scalable to support a very large number of resources, access policies, and 

business entities. In addition, access policies change dynamically over time, in terms 

of the resources involved, the nature of the access permitted, and the participants 

to whom access is available. These policies do not necessarily involve an explicitly 

named set of individuals (consumers); instead, they may be defined implicitly by 

the rules that govern access to resources. The access control should be adaptable to 

frequent changes in different attributes, such as access criteria, entity attributes, 

resource availability, etcetera. 

To sum up, developing a hybrid manufacturing environment must produce a 

mechanism to enable the creation of public cloud, private cloud and community 

clouds, and also facilitate easy switching between these modes. This feature 

requires an access-control mechanism that allows the fast construction of 

heterogeneous access control rules in a dynamic environment. The following 

section discusses a hybrid manufacturing cloud mechanism built upon semantic 

web technologies. 
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6.3 Semantic Web-based Contextual Access Control  

As discussed in Section 6.2, the key to hybrid manufacturing clouds is to develop a 

fit-for-purpose access control model. Conventional access control models fail to 

represent contextual factors regarding accessing resources in the cloud. In cloud 

manufacturing, the context of a service request often affects access control. For 

example, the location of the entity requesting the resource (e.g., oversea or domestic 

service consumer), the relationship between the service consumer and resource 

owner (e.g., competitor or partner), and the timing of the resource consumption 

could all affect the decision to grant or deny a resource request. According to 

Baldauf and Dustdar (2007), these contexts are classic characteristics of context-

aware systems. 

6.3.1 Semantic Web Technologies for Context-aware Access Control 

Toninelli, Montanari, Kagal and Lassila (2006) introduced a context-aware access 

control framework for pervasive computing. They presented a scenario where 

participants from different organisations attend a meeting. In their approach, users 

can safely exchange information and share resources without knowing their 

identities beforehand. In this environment, conventional access control models, 

such as RBAC, fail to establish proper access rules. Their solution is a context-aware 

access control framework, where access rules are defined based on contextual 

information. Context is represented with a context ontology. Description Logic is 

used to classify the context models and discover their relationships. The predefined 

models and actual status of a user are associated, to form enforceable policies. This 

instantiation process depends on rules expressed in logic programs.  

Another important work is Proteus (Toninelli, Montanari, Kagal, & Lassila, 2007). It 

is a context-aware policy framework that focuses on context and aims to handle 

access control in pervasive environments. Policies define operations on resources 

for each context. When an entity operates in a specific context, it automatically 

acquires the ability to perform the set of actions permitted in that context. The 

authors use OWL-DL ontologies and the Logic-Programming reasoning tool to 

enable the dynamic adaption of policies depending on context changes.  
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Beimel and Peleg (2011) proposed a conceptual model, based on semantic web 

technologies,  that allows for modelling healthcare scenarios of data access requests. 

This model can be used to formulate data access policies, where health 

organisations can specify their regulations involving access to patient data 

according to the context of the request. In this model, scenarios of data access are 

represented as formal OWL-based situation classes. A set of data access rule classes 

makes up the organisation’s data access policy. An incoming data access request, 

represented as an individual in an OWL-based situation class, is evaluated by the 

inference method against the data access policy, to produce an ‘approved/denied’ 

response. A Description Logic reasoner and a SWRL engine are used during the 

inference process.  

To sum up, semantic web technologies have been recognised as a promising 

approach to contextual access control, in distributed systems. An ontology specifies 

commonly agreed, content-specific definitions for the sharing and reuse of 

knowledge. With the use of ontologies, a common vocabulary of entities that are 

presumed to exist in a certain domain, their attributes and the relationship between 

them can be defined. Moreover, semantic rule languages can add additional 

expressiveness to the underlying ontology by specifying extra relationships 

between certain entities. An inference engine can then be used to infer new 

knowledge, regarding an individual, by chains of properties. 

6.3.2 Context-aware Access Control for Cloud Manufacturing 

To the author’s best knowledge, there is very little research on access control in the 

cloud manufacturing environment. In this research, the concept of context-aware 

access control is adopted, to implement resource access control and facilitate the 

construction of different manufacturing modes in a cloud manufacturing 

environment.  

The foundation of context-aware access control is an integrated ontology for the 

target domain, in this case, a cloud manufacturing environment. In this research, the 

ManuService ontology is the foundation for representing detailed resource access 

scenarios. The central concept underlying this model is Context. Context is ‘any 
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information that is useful for characterising the state or the activity of an entity in 

which the entity operates’. In the cloud manufacturing environment, Context refers 

to any information that can be used to characterise the state of a service consumer, 

a resource or the owner of a resource, when the action of resource access occurs. It 

is a pattern consisting of several key Classes along with their Data Properties and 

relationships. Some of the key Classes include: 

1. BusinessEntity – the entity requesting access to a resource or the owner of a 

resource 

2. Resource – the object that a business requests 

3. Address – the address of a BusinessEntity, which can be used in composing 

spatial access scenarios 

4. Product – the object that a service consumer consumes resources for 

In addition, ManuService ontology defines the set of Data Properties belonging to 

each Class. For example, BusinessEntity has the Data Property of entityType and 

yearsInOperation. For an instance of a Class, all the Data Properties associated with 

this Class need to be populated properly. For example, the yearsInOperation of a 

company can be assigned the value ‘5’. An access control rule can be set up against 

these Data Properties. For example, a resource can only be accessed by companies 

that has been in operation for more than ten years.  

A relationship exists between two Individuals. ManuService ontology provides 

built-in constructs for expressing relationships (e.g., a company has a certain type 

of resource). These built-in constructs are set up as Object Properties, in 

ManuService Ontology. The screenshot in Figure 6.2 shows all the available Object 

Properties that can be used for specifying relationships between Individuals. It has 

to be noted that hasAccessTo is the controlling property used to grant resource 

access. 
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Figure 6.2 Object properties in ManuService ontology 

6.3.3 Architecture of the Integrated Access Control Module 

The integrated access control module was designed based on the following user 

scenario: 

1. a service owner can specify the access situations associated with a resource 

after login through a web interface 
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2. a service consumer can query all the available resources, based on their 

identity information and the underlying context 

Figure 6.3 illustrates the architecture of the integrated access control module. 

ManuService ontology serves as the domain ontology for cloud manufacturing 

business, and domain entities, such as service providers and service consumers, are 

part of the domain ontology. Resource access rules are specified by the resource 

owner in the form of Jena rules. These rules are created by resource owners through 

the system interface. The input from a resource owner is validated against Jena 

specifications before being stored in the knowledge base. If there is any error, the 

corresponding error message will be displayed to the end user. The access control 

module is implemented as a RESTful web service, which receives access control 

queries, and returns available resources in a specific situation for an entity. 
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Figure 6.3 Architecture of access control module 

As discussed, the Jena rule language was adopted as the semantic rule language for 

specifying access control policies. Jena rule language allows users to write rules to 

make deductions about OWL Individuals and to infer new knowledge from these 

Individuals. A Jena rule set contains an antecedent part and a consequent part. Both 

the antecedent and consequent parts consist of positive conjunctions of atoms. A 

Jena rule may be read as: if all the atoms in the antecedent are true, the consequence 

must also be true. The following is a Jena rule expressing the inference that a person 

with a male sibling has a brother: 

(?p demo:hasBrother ?s) <- (?p rdf:type demo:person), (?p demo:hasSibling ?s), (?s 

rdf:type demo:man) 
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In this research, the source of available atoms is built-in entities in RDFS, entities 

defined in ManuService ontology and Jena built-in primitives. Take the following 

access rule as an example: 

[(?x ms:hasAccessTo ?y) <- (?x rdf:type ms:BusinessEntity), (?y rdf:type 

ms:MachiningResource), (?x ms:creditGrade ?c), ge(?c, 8.0), (?y ms:hasOwner ?org), 

(?org gr:name ?n), equal(?n, “Toolbox Ltd.”)] 

This rule expresses that machining resources from Toolbox Ltd. are accessible for 

companies with a credit grade higher than 8.0. The right side of the rule defines the 

access context. The left side is the response, which is always hasAccessTo (meaning 

‘have access’).  In the cloud, there are many access rules created by service 

providers. When a service consumer submits an access query through the web 

interface, the system calls the access control web service and sends a GET request, 

with the ID of the service consumer as a parameter. The HTTP GET request in Figure 

6.4 queries all the available resources for a business entity whose ID is 

‘092bc39afd2c46cd8010fc4f87614248’. This 128-bit value is a Global Unique 

Identifier (GUID), which is a unique reference number commonly used as an 

identifier in computer software.  GUID is used as a global identifier for all the 

domain entities in MCloud, such as business entities, resources, projects, products, 

and workpieces. When the access control web service receives this GET request, it 

constructs a SPARQL Query to retrieve all the available resources for this company.  
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http://www.manunetwork.com/api/resources/092bc39afd2c46cd8010fc4f87614248

PREFIX ms:< http://www.manunetwork.com/manuservice/v1# >
SELECT ?y
WHERE {
?x ms:has_access_to ?y.
?x ms:id  092bc39afd2c46cd8010fc4f87614248 .
}

{
   "resources": [
      {
         "id": "7b3a59e70bdb41f5a16977ec5e969756",
         "name": "MazakTurningCenterASF",
         "category": "MazakQTN100IIMS",
         "maxMachiningDiameter": 280,
         "maxMachiningLength": 455,
         "maxSwing": 550,
         "maxBarWorkCapacity": 51,
         "function": [
            "Drilling",
            "Grooving",
            "Turning",
            "Pocket Machining"
         ],
         "owner": {
            "id": "88a5c0cf96bc46c4b7caee872c96e315",
            "name": "CNC Machining Co Ltd",
            "address": "50 Sir William Avenue, East Tamaki, Auckland, New Zealand"
         }
      },
      {
         "id": "8b33b5de7f4e42e3bdd4e19fc23c92ce",
         "name": "MazakHCN_2176",
         "category": "MazakHCN5000III",
         "palletSize": 500,
         "maxWorkpieceDiameter": 800,
         "maxWorkpieceHeight": 1000,
         "function": [
            "Milling",
            "Drilling"
         ],
         "owner": {
            "id": "5cbdcd9f72ff4585b305d005a99c5106",
            "name": "3 Way Solutions Ltd",
            "address": "58 Pilkington, Way Wigram,Christchurch, New Zealand"
         }
      }
   ]
}

HTTP Request

SPARQL Query

JSON Response

 

Figure 6.4 RESTful web service 

SPARQL is an RDF query language to retrieve and manipulate data stored in the RDF 

format. It allows users to write queries against data that follows the RDF 

specification of the W3C (Prud’Hommeaux & Seaborne, 2008). The SPARQL query 

language is based on matching graph patterns. The simplest graph pattern is the 

triple pattern, which is like an RDF triple, but with the possibility of a variable 

instead of an RDF term in the subject, predicate or object positions. Combining 

triple patterns gives a basic graph pattern, where an exact match to a graph is 

needed to fulfil a pattern. The SPARQL query in Figure 6.4 is to find all the available 

resources for an entity whose ID is ‘092bc39afd2c46cd8010fc4f87614248’. The 

query result returns a list of available resources for this entity. With some further 

data manipulation, the web service returns a JSON (JavaScript Object Notation) 

response, which includes all the available resources with key information. In this 

particular example, the available resources are two CNC machines. Common fields 

include id, name, category, function and owner. Some category-specific capability 

information is listed as well; in this case, maximum machining diameter, maximum 

machining length, maximum swing, and maximum bar work capacity are populated 

for the Mazak Quick Turn Nexus 100-II MS machine.  
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6.4 Case Study 

A case study was undertaken to validate the proposed resource access control 

mechanism and test the implemented user interface. The access control module 

allows users to define custom cloud modes, by creating custom access policies and 

putting the right resources into the correct cloud. On the other hand, the access 

control module allows the client to query available resources for a given service 

consumer. This information can usually be used as the raw data for service 

composition at a later stage. Here, an integrated case study was designed to test 

these functions. 

6.4.1 Access Control Testing 

In the case study, six companies (Table 6.1) imposed different resource sharing 

requirements, based on their periodic business strategies, as listed in Table 6.2. 

Each sharing requirement is unique; not only sharing based on a consumer’s 

identity, but also based on geolocation, credit grade, and other context information. 

In real business settings, resource sharing policies can become much more complex. 

The decision to grant access or not can be subject to the entity type of a consumer, 

the relationship between a consumer and the resource owner, the business size of 

a consumer and other complex context information.  
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Table 6.1 Basic information of companies in the system 

Name Location Postal Code 
Credit 
Grade 

Years in 
Operation 

Entity Type 

Company_A Auckland, NZ 1010 5.2 54 
Private Limited 

Company 

Company_B 
Hangzhou, CN 310000 8.9 12 Foreign Limited 

Liability Company 

Company_C Houston, US 77002 
7.8 2 Professional 

Corporations 

Company_D Christchurch, NZ 8061 8.6 21 Sole Trader 

Company_E 
Auckland, NZ 2013 5.4 1 Look-through 

Company 

Company_F 
Auckland, NZ 1023 6.2 8 Private Limited 

Company 
 

Table 6.2 Resource-sharing requirements 

Name Cloud Mode Specifications 

Company_A Share resources within its own company 

Company_B Share resources with NZ-based companies 

Company_C 
Share software resources in the public cloud; Share machining resources with 
Company A, B and E 

Company_D 
Share machining resources with companies having a credit rating higher than 
8.0 (out of 10.0) 

Company_E Share OKUMA MP-46V in the public cloud 

Company_F 
Share resources with private limited companies in operation for more than 10 
years 

 

In MCloud, a unified domain ontology has been developed by incorporating existing 

ISO standards and ontologies in the manufacturing domain. The proposed ontology 

mainly consists of domain concepts for service-oriented product models (See 

Chapter 4) and manufacturing resources (See Chapter 5). Figure 6.5 depicts an 

abstracted graphical view of the proposed ontology. With the proposed ontology, 

the above six companies are initialised by appending the new instances of Business 

Entity, Address, and Resource into the resultant ontology (Figure 6.6). The 

instantiation process of Business Entity and Address is triggered when a company 

first registers in the cloud through the MCloud web interface. MCloud takes the 

profile information from the user input, and creates essential objects in the 

knowledge base via Jena API.  The instantiation process of Resource is triggered 
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when a new manufacturing resource is connected to the cloud. Each registered 

company can create their custom clouds through the cloud management portal 

(Figure 6.7). A new cloud can be created by specifying Name, Description and the 

corresponding Jena rules. Once the Jena rules have been constructed, the system 

will check for existing clouds, to see whether a similar cloud is already in use. If a 

similar cloud exists and the user is willing to join, he/she is able to select it by 

clicking the relevant Jena rules or descriptions; otherwise, a new cloud is created. 

Manufacturing resources can then be added to the new cloud, via a drag-and-drop 

operation. Table 6.3 illustrates detailed Jena rules for each set of resource sharing 

requirements.  

 

Figure 6.5: A subset of the graphical representation of the resulting ontology 

 

Figure 6.6: A graphical representation of the ontology with instances of Business 
Entity, Address and Resource 
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Figure 6.7: Web page for companies to manage their dedicated clouds 

Table 6.3: Rules for proposed cloud modes 

Company Rules for Proposed Cloud Modes 

Company_A 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x ms:name ?n), 
equal(?n, ‘CompanyA’), (?y ms:hasOwner ?org), (?org ms:name ?n1), equal(?n1, 
‘CompanyA’)] 

Company_B 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x 
ms:hasAddress ?z), (?z ms:addressCountry ?cnt), equal(?cnt, ‘New Zealand’), (?y 
ms:hasOwner ?org), (?org ms:name ?n), equal(?n, “CompanyB”)] 

Company_C 

[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?y rdf:type 
ms:SoftwareResource), (?y ms:hasOwner ?org), (?org ms:name ?n), equal(?n, 
'CompanyC')] 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x ms:name ?z), 
equal (?z, 'CompanyA'), (?y rdf:type ms:MachiningResource), (?y 
ms:hasOwner ?org), (?org ms:name ?n), equal(?n, 'CompanyC')] 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x ms:name ?z), 
equal (?z, 'CompanyB'), (?y rdf:type ms:MachiningResource), (?y 
ms:hasOwner ?org), (?org ms:name ?n), equal(?n, 'CompanyC')]  
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x ms:name ?z), 
equal (?z, 'CompanyC'), (?y rdf:type manuservice:MachiningResource), (?y 
ms:hasOwner ?org), (?org ms:name ?n), equal(?n, 'CompanyC')] 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x ms:name ?z), 
equal (?z, 'CompanyE'), (?y rdf:type ms:MachiningResource), (?y 
ms:hasOwner ?org), (?org ms:name ?n), equal(?n, 'CompanyC')] 

Company_D 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x 
ms:creditGrade ?c), ge(?c, 8.0), (?y ms:hasOwner ?org), (?org ms:name ?n), 
equal(?n, 'CompanyD')] 

Company_E 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?y ms:name ?n), 
equal(?n, ' OKUMA_MP-46V'), (?y ms:hasOwner ?org), (?org ms:name ?n), 
equal(?n, 'CompanyE')] 
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Company_F 
[(?x ms:hasAccessTo ?y)<- (?x rdf:type ms:BusinessEntity), (?x ms:entityType ?t),  
equal (?t, 'Private Limited Company'), (?x ms:yearsInOperation ?o), ge(?o, 10), 
(?y ms:hasOwner ?org), (?org ms:name ?n), equal(?n, 'CompanyF')] 

 

After all the custom clouds are constructed, the access control module is able to 

respond to resource access queries sent from a client application, using the built-in 

inference engine in Jena. In this case study, a HTTP GET request, similar to that in 

Figure 6.4 can be used to query the web service, and available resources for each 

company can be returned in JSON format. Table 6.4 presents the resource access 

matrix for companies in the cloud. For example, in this case study, Company A is 

authorised to access all the resources in Companies A, B, C, F and OKUMA MP-46V 

in Company E. 

Table 6.4 Resource access matrix for companies in the cloud 

 Company_A Company_B Company_C Company_D Company_E Company_F 

Company_A – – – × 
OKUMA MP-

46V 
– 

Company_B × – – 
Machining 
resource 

OKUMA MP-
46V 

× 

Company_C × × – × 
OKUMA MP-

46V 
× 

Company_D × – 
Software 
resource 

– 
OKUMA MP-

46V 
× 

Company_E × – – × – × 

Company_F × – 
Software 
resource 

× 
OKUMA MP-

46V 
– 

–: have access; ×: no access 

6.4.2 Implementation Guidelines for Companies in the Cloud 

Cloud-based business interaction in MCloud can be deployed in three typical modes; 

private, community or public cloud. The private cloud is provisioned for exclusive 

use by a single enterprise. It may appeal to tycoons with a complete production line 

(e.g., Volkswagen). New product introduction in such companies may only lead to 

limited disruption to their production scheduling activities. In this case, a private 

cloud is formed to manage resources across every subsidiary in a centralised 

manner. Centralised resource management, therefore, facilitates the optimisation 
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of manufacturing resources in response to dynamic demands of product 

customisation and business upgrading.  

The community cloud is a good option for SMEs to collaboratively produce complex 

products that would otherwise not possible for one SME to undertake. The synergy 

from on-demand collaboration enables SMEs to stay competitive in a fierce market 

by restructuring and modernising their manufacturing businesses.  

In the presence of a public cloud, registered enterprises are able to receive 

manufacturing orders or sub-orders from authorised, anonymous customers. In 

this way, enterprises with certain manufacturing capabilities can reach a dynamic 

pool of customers, which allows them to concentrate on processing manufacturing 

orders rather than seeking manufacturing contracts.  

The access control module supports the bidirectional shift from closed private 

clouds to open public clouds. At the macro level, enterprises can readily switch 

between self-formed private, community and public clouds. Moreover, the module 

enables organisations to implement integration of the three service models after 

ROI (Return on Investment) analysis, considering factors such as manufacturing 

capability, business strategy, and security concerns. At the micro level, enterprises 

are able to release their manufacturing resources to their dedicated private, 

community, or public clouds. Configurability at both macro-level and micro-level 

offers large-scale business agility, by enabling enterprises to manage their 

businesses right down to the resource level.  

As companies begin thinking more deeply about the cloud, they are faced with a 

choice: providing manufacturing services on their premises for a private cloud, or 

moving services into public clouds. Moving to the cloud is not simply a case of 

flipping a switch; business process redesign, manufacturing capabilities 

management, system integration, and infrastructure deployment are all part of the 

transformation process.  

The flow chart in Figure 6.8 gives systematic guidance for manufacturing companies. 

If a company has a service request, ROI analysis is carried out to compare the 

business benefits from purchasing new resources or outsourcing jobs to the cloud. 
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If outsourcing is favoured, the company can set out to search for potential 

collaborators in the cloud. Alternatively, if a company intends to access a larger 

customer base, it can register itself as a service provider. For service providers, be 

they new service providers or existing ones, ROI analysis is necessary before 

making any decisions. Decisions revolving around cloud manufacturing should 

include: 

 Current environment: there will be instances that an enterprise is not 

capable of providing a self-contained manufacturing service with high 

market competence, due to a shortage of core technologies or 

manufacturing equipment. In these cases, use of a public cloud can be a 

good choice. Conversely, large companies with a large pool of resources 

or products with IP should consider private clouds  

 Current and future business goals: future business may direct 

companies in the cloud in terms of deployment modes, since different 

cloud modes suit different business strategies 

 End-user acceptance: enterprises in a cloud environment need to be 

cautious about changes in consumer experience. End users are more 

familiar with face-to-face business communication. Conducting a survey 

of target customers, and undertaking a pilot project, can help companies 

of various sizes understand the needs of their customers. Based on their 

findings, good decisions can be made as to which cloud service mode fare 

better 

The above are only some of the fundamental checkpoints when evaluating different 

cloud modes. A company may have its own ways of evaluating business changes and 

opportunities. Once a decision is made, the system searches for similar existing 

clouds and makes recommendations to service providers, based on their business 

strategies. If there are no existing clouds, service providers can create new clouds 

based on their unique needs. 
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Figure 6.8: Migration guidance for manufacturing companies in MCloud 
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6.5 Access Control Module Summary 

The access control module focuses on the development of a versatile access control 

mechanism to allow service providers to create custom cloud modes. The proposed 

approach draws inspiration from context-aware access control in order to 

accommodate the complexity of managing resource scenarios in the cloud. It utilises 

advanced semantic web technologies such as RDF, SPARQL, and Jena for the 

implementation of the proposed mechanism. It provides a simple way of creating 

and managing custom cloud modes via simple clicks on a web page. The whole 

module provides a simple RESTful API for client applications to consume, via a 

simple HTTP request. To validate the proposed approach, a practical case study 

using dummy data was undertaken, to illustrate the process of defining custom 

clouds and querying available resources for a given consumer in a web environment. 

The case study successfully demonstrates the effectiveness of modelling complex 

resource access policies for service providers, and how a well-designed system 

architecture supports loosely-coupled system integration with other system 

modules.  

The most noteworthy aspect of the access control module is its flexibility in 

modelling complex resource access policies. While the developed system allows 

service providers to join existing pre-defined clouds (e.g., private and public clouds), 

a service provider is also given the capability of defining unique clouds, using Jena 

rules and switching between different clouds with simple mouse clicks. This feature 

is regarded as very important for a service provider to adjust its action plans based 

on market change. Future work should look at enhancing business reporting 

functions, to support market-oriented resource access controls and simplify the 

rule creation process.  
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Chapter 7  

Service Composition 

This chapter examines knowledge-based service composition and adaptive 

resource planning in an open cloud environment. The intent is to develop an 

integrated environment, allowing fast resource allocation for a given service 

request, subject to governance policies, resource access policies, resource 

availability information etcetera. The research challenge in this is to explore a 

feasible service composition method that facilitates easy mapping between service 

requests, manufacturing resources based on restrictive rules set in the cloud, and 

availability information about a resource.  The research work in this chapter 

analyses the relevant research challenges, proposes a practical approach and 

implements the solution in the form of a web-based system. The proposed system 

utilises distributed knowledge for intelligent service composition and adaptive 

resource planning. A case study is also discussed to validate the performance of the 

proposed approach. Contents of this chapter have been adapted from Lu and Xu 

(2015a), and Lu and Xu (2016).  

7.1 Introduction 

The fundamental issue of a cloud manufacturing environment is the mapping of 

distributed manufacturing resources with personalised service requests; this 

process is called service composition. Recognising the need to develop a feasible 

service composition methodology, much effort has gone into applying well-

established optimisation algorithms, such as genetic algorithm, particle swarm 
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optimisation, and ant colony optimisation, to the situation of selecting 

manufacturing resources for a given request. QoS is usually used as the optimisation 

goal in these methods. Parameters such as lead time and cost are constructed as 

part of the QoS. However, research outcomes from these efforts cannot easily cope 

with real business cases, as business situations in reality are far more complicated. 

In the published research outcomes, the common hypothesis is where there is a pool 

of feasible resources for a given task, the research question is to select the best 

combination of resources for the task. However, this is not true in reality. A service 

provider has a clear description of a resource’s capability boundary. A cloud 

environment needs to screen the resource pool to find feasible resources for a given 

job, before generating an effective service scheme. Therefore, the service 

composition process in general consists of two phases: (1) capability assessment, 

which is to find feasible resources for a given task, based on the characteristics of 

the job and the capability of each unique resource, and (2) service recommendation, 

where an economic analysis and sustainability analysis are carried out. There have 

been a good number of publications reporting on resource mapping and service 

composition. However, it is disappointing that these research outcomes are not 

directly applicable in a practical situation.  

The research work reported in Chapter 7 proposes a systematic framework for 

capability assessment and service recommendation in a cloud manufacturing 

environment. The proposed solution utilises distributed knowledge for intelligent 

capability assessments and service recommendations. This unique approach makes 

the proposed system applicable to various engineering situations, as the main duty 

is simply maintaining the back-end knowledge base. As service composition in 

cloud manufacturing is relatively new, Section 7.2 discusses the unique features and 

requirements of capability assessment and service recommendation in a practical 

cloud environment. Section 7.3 reviews related technologies and Section 7.4 

presents the overall architecture of the proposed solution. Section 7.5 presents the 

industrial implementation of the proposed environment with a case study. 

Discussion and conclusion are given in Section 7.6.  
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7.2 Service Composition in Cloud Manufacturing 

Service composition in a cloud manufacturing environment poses unique 

challenges and requirements. In general, service composition in a cloud 

environment consists of two phases: capability assessment and service 

recommendations.  

As discussed in the preceding section, the fundamental issue in cloud 

manufacturing is to map personalised manufacturing requirements with 

distributed manufacturing resources. Sometimes this process can be simple cross-

checks between a service request and a service, which sometimes requires an 

experienced engineer to investigate the technical difficulties in undertaking a job 

with certain resources. Both of these scenarios require the use of knowledge to 

drive the decision-making process, though sometimes this knowledge can be as 

simple as comparison of numerical numbers. In addition, a service recommendation 

is not just a simple multi-objective optimisation. In an industry setting, the selection 

of the final service provider can be derived from multiple unquantifiable factors 

that are critical to a business, such as IP protection concerns, business partnerships 

and personal relationships. Even for quantifiable factors such as lead time and cost, 

it is not feasible to appoint a default coefficient for each variable that applies to 

every service consumer. The industrial implementation of cloud manufacturing 

imposes special requirements on service composition that many proposed 

solutions fail to address.  

7.2.1 Systematic Knowledge Utilisation 

The process of mapping manufacturing jobs with an optimal set of manufacturing 

resources is a knowledge-intensive activity. This process often requires a 

manufacturer to reuse existing knowledge (drawings, assembly instructions, 

processes of manufacturing, resource capability, etc.) to compose a sequence of 

activities subject to specified constraints. Knowledge reuse is recognised as one of 

the most challenging issues for any business that seeks business process 

automation. It is especially significant for the design and manufacture process of 

highly personalised products; it is not wise to expect much human input in this 
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process where otherwise, a good knowledge-based system can handle these 

activities. 

The collaborative and distributed nature of cloud manufacturing makes knowledge 

utilisation more challenging. In cloud manufacturing, the product development 

process often involves contribution from multiple stakeholders concurrently. It, 

therefore, requires knowledge inputs from different manufacturers. The best 

practice of production process in a workshop often stems from years of evolution, 

subject to its in-house resources, and this knowledge could be very different in 

different workshops. This means using a standard knowledge base for processing 

manufacturing requests is not the best approach, as the resultant request-resource 

pairs can be in conflict with best practice in some workshops. Hence, a systematic 

approach for capturing and utilising disparate knowledge from distributed 

manufacturers is required. 

Subsequently, there is a call to design a feasible mechanism to integrate distributed 

knowledge from different parties, such as tooling suppliers, manufacturers, and 

regional governments, and use the right subset of knowledge in the process of 

mapping a service request with a resource. There are two main tasks to be carried 

out: (1) generating a representation scheme for manufacturing knowledge and (2) 

creating a mechanism to allow smooth knowledge integration and utilisation in any 

decision-making activities. 

7.2.2 Dynamic Event Handling 

Cloud manufacturing aggregates loosely connected enterprises, and forms a 

dynamic marketplace network. In this network, the commencement of new projects 

and the closure of existing projects happen concurrently. This means a 

manufacturing resource is in a constant status of switching between being in use 

and idle. It is ,therefore, necessary to consider the actual capacity and availability of 

a manufacturing resource during service composition.  

In other words, cloud manufacturing needs to take into account the actual resource 

capability instead of nominal resource information. Information such as availability, 

unique access policy, and unique operation of a manufacturing resource are some 
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essential inputs. The service composition module is thus required to be capable of 

processing this information and generating a feasible service plan, adaptive to the 

real shop floor status.  

7.2.3 Posteriori Articulation of Service Preference 

Selection of a preferred service plan for a request is very similar to online shopping, 

in the sense that a service consumer selects their favourite service plan, based on 

personal experience rather than a default indicator pre-defined by the cloud system. 

In a cloud manufacturing environment, factors that contribute to the final decision 

include but are not limited to cost, lead time, reputation, and transaction history. 

For a service consumer at a specific business situation, the dominant reason for final 

selection may be completely different. For a low-urgency order, a service consumer 

may be inclined to a service plan with low cost, whereas a high-urgency order may 

require a short lead time. It is not feasible to develop a normalised formula that can 

be applied to every service consumer for all business cases. Therefore, in an 

industrial setting, one of the basic requirements for service composition is that it 

outputs all reasonable service plans for a service consumer to select. A more 

advanced scenario would also allow a service consumer to input additional 

selection criteria to filter the returned results. 

In summary, industry implementation of cloud manufacturing imposes special 

requirements on service composition because of the knowledge-intensive, 

collaborative, and web-based nature of cloud manufacturing. Service composition 

for cloud manufacturing needs systematic knowledge utilisation, dynamic event 

handling and posteriori articulation of service preferences. The next section intends 

to review existing efforts on service composition. 

7.3 Existing Methods and Tools  

In cloud manufacturing, there are three mapping relationships between resources 

and services (Ren, Zhang, Wang, Tao, & Chai, 2014; Tao, Zuo, Xu, & Zhang, 2014; Xu, 

2012): One-to-One mapping, when a manufacturing resource can only provide a 

single function and can therefore directly be encapsulated as one service, One-to-

Many for a resource with multiple functions or capabilities, which each matches 
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different manufacturing requirements independently, and Many-to-One, when 

multiple resources are combined to create a more powerful resource.  

One-to-One and One-to-Many mapping is technically the same as the service an end-

user gets is from one resource, and therefore the mapping process is to find a single 

resource to carry out a given task. Semantic similarity is recognised as a feasible 

approach for task and resource mapping. In order to create an intelligent matching 

process between supply and demand in a cloud manufacturing environment, an 

ontology method to facilitate unified modelling and the semantic description of 

manufacturing requirements and resources is presented in Tai, Hu, Chen, and 

Huang (2013). In the proposed four-step process, manufacturing resources and 

demand attributes are analysed using a semantic similarity algorithm. The output 

of this process is a sorted list of best matches between demand and resource. To 

achieve dynamic mapping between manufacturing requirement and manufacturing 

service, Gao, Yang, Liu and Hou (2013) introduced cloud workflow into cloud 

manufacturing, proposing a conceptual model of a multi-agent business 

collaboration mechanism between manufacturing service demander, provider and 

operator. The model defines three critical stages: collaborative business process 

modelling and verification of cloud workflow, model instantiation with modelling 

and clustering of manufacturing services, and model execution, with the optimal 

matching of manufacturing service supplies and requirements. To facilitate more 

flexible, accurate and automated resource discovery for distributed manufacturing 

collaboration across ubiquitous virtual enterprises, Cai, Zhang, Chen, Zhang and Li 

(2010) presented a prototype intelligent system. A semantic web multidisciplinary 

manufacturing ontology was proposed, to convert resources into machine-

understandable knowledge. An ontology-based multi-level knowledge retrieval 

model was devised to extend the traditional information retrieval approaches 

based on keyword search, with the integrated capabilities of graph search, semantic 

search, fuzzy search and automated reasoning, to realise the intelligent discovery of 

manufacturing resources. A prototype semantic web system (ManuHub) for the 

administration and automatic retrieval of required distributed manufacturing 

services was developed in Cai et al. (2011). In this approach, the use of ontology and 

constraint-based modelling supports semantic matching of manufacturing 
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capabilities. Most recently, Sheng et al. (2015) proposed an intelligent service 

search engine by quantifying the semantic similarity between request and service 

represented in OWL-S.  

Effective Many-to-One mapping or service composition will be of great importance 

for industry implementation of cloud manufacturing. In an industry setting, many 

manufacturing jobs need the collaboration of multiple resources, or even resources 

from multiple service providers. The responsibility of a cloud system, then, is to find 

and combine a mix of services, which may be heterogeneous and offered by 

different providers. The search of an optimised service plan for a given task is 

generally a global optimisation problem where shorter machining time, lower 

machining cost and better quality are very often set as the optimisation goals. Cao 

et al., (2016) proposed a service selection model considering time, quality, cost and 

service as the criteria. In this model, fuzzy decision-making theory is adopted to 

transform the matrix values into relative superiority degrees. They claimed that this 

method is different from the traditional linear weighted method of previous 

research, which results in large values of non-standardisation error. These four 

relative superiority degrees are then combined linearly into an overall objective. 

The weight coefficients are calculated through an analytic hierarchy process. After 

this, ant colony optimisation (ACO) is repurposed for service selection. Many 

service composition algorithms consider QoS to be an equivalent optimisation 

objective in a multi-criteria service selection scenario. For example, Tian, Liu, Xu 

and Yan (2013) proposed a Discrete Hybrid Bees Algorithm to produce a near-

optimal solution with global optimal QoS. Cui, Ren, Zhang and Wu (2015) proposed 

a service composition algorithm that combines Particle Swarm Optimisation (PSO) 

algorithm and K-means clustering. However, these QoS-based optimisation 

algorithms assume services to be composited are independent of each other, and 

correlation between services is not considered. Recognised this need, Xu et al. 

(2015) proposed a correlation-aware QoS model and developed an improved 

Discrete Bees Algorithm based on Pareto, to solve the correlation-aware 

optimisation problem. Lartigau et al., (2015) present a method based on QoS 

evaluation, along with the geo-perspective correlation from one cloud service to 

another, for a transportation impact analysis. Since composition is an exhaustive 
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process in terms of computational time consumption, the proposed method is 

optimised through an adapted Artificial Bee Colony (ABC) algorithm based on 

initialisation enhancement. 

Service composition can become very complex when the scale of the resource pool 

is massive. Xiang, Jiang, Xu and Wang (2015) analysed the difficulties and solutions 

for service composition in a large data environment. They proposed a two-phase 

service composition mechanism based on a case library. First, a similar case is 

retrieved from the case library for a given request. Then the case is used to initialise 

the associated optimisation algorithm, to solve the large-scale optimal selection 

problem.  

It has been found that many researchers recognise that service composition is one 

of the most important elements in mapping manufacturing resources with service 

requests. The quality of the mapping results directly impacts the quality of service 

offering in the cloud. Significant research efforts have been put into generating 

optimal service plans for a given task. However, some practical issues have not been 

well addressed in existing methods. For example, engineering knowledge from 

involved parties is not utilised in the service mapping process. Optimisation 

algorithms, such as neural networks and genetic algorithms, work on the 

assumption that the construction of feasible service plans is from selecting the best 

combination of processes from a list of feasible candidates. That means some 

knowledge-based decision support systems need to be used to eliminate absurd 

plans. Resource dynamics also need to be considered in the decision-making 

process, because the availability of a resource changes over time. A service plan 

should take this information into account. In addition, applying multi-objective 

optimisation is not practical in a real industrial setting. Selecting a feasible service 

provider is not always a quantifiable process; there are unquantifiable factors in the 

decision-making process.  

7.4 A Semantic Web-based Decision-making Framework 

This section presents a framework for service composition where the plan 

generator module is built upon. This framework is an integrated environment that 
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links highly personalised manufacturing requirements with distributed 

manufacturing resources in the cloud. This framework is believed to be a novel 

solution, as the decision-making process makes use of distributed knowledge from 

various sources providers, and the service plan is adaptable to actual availability 

information streamed from the shop-floor. 

Figure 7.1 presents the overall architecture of the plan generator module. The 

overall process of finding a feasible service scheme for a personalised product is 

organised into three main stages: 

 the plan generator module takes in parsing results from the product 

parsing module 

 series of queries is constructed, to query integrated knowledge for a list 

of feasible manufacturing resources 

 a Planning Agent takes in these manufacturing resources and constructs 

a suggested service plan, subject to cost, time and other constraints 

The remainder of this section discusses the overall framework in detail.  
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Figure 7.1: Knowledge-based service composition in a cloud manufacturing 
environment 
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7.4.1 Retrieve Service Request  

The plan generator module takes in service requests from a service consumer. In 

MCloud, a service request is in the form of a personalised project, which contains 

product specifications, quality constraints, cost expectations, etcetera. As discussed 

in Chapter 4, this file conforms to concept definitions in the developed integrated 

ontology ManuService. In the current version, MCloud supports direct product 

parsing from an uploaded OWL file through the web portal. In the future, service 

requests can be directly created from a CAD environment, such as SolidWorks and 

Autodesk Inventor. A native CAD file in a CAD environment can be directly 

converted to an OWL file and uploaded to MCloud.  

After the project is parsed by the product parsing module, the verified OWL file is 

inserted into the central knowledge base and becomes part of the integrated 

domain knowledge. At the same time, the mirroring version of the data objects is 

inserted into the central SQL database. The SQL database is the main data repository 

for all data used in the system. The purpose of storing a replicated version of project 

data in a SQL database is so that all business-related information is stored in a SQL 

database, and querying large amounts of project data from the knowledge base 

using SPARQL is not very efficient. To keep data in the SQL database and the 

knowledge base in sync, a data alignment service is scheduled to run at set intervals.  

7.4.2 Knowledge-based Decision-making Mechanism 

After a service request is successfully uploaded into the system, the SPAQRL 

Endpoint Engine starts creating queries to question the knowledge base. The 

purpose of this process is to output a list of available manufacturing resources for 

the given service request. Three key components are required for the success of this 

process: (1) an integrated knowledge base, (2) an inference engine, (3) a suitable 

query language.  

A knowledge base built for implementing resource selection requires three key 

components: 
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 a formal representation of the domain (an ontology) that represents 

various aspects of a cloud-based manufacturing business, including but 

not limited to: product characteristics, quality constraints, 

manufacturing processes, organisation information, business processes, 

service capability, and resource specifications 

 product instances – the customised product models input by consumers 

that describe product information following the definitions in the 

ontology 

 various rules that specify constraints should be obeyed in the cloud 

environment. These rules can include regional regulations, unique know-

how about a specific resource, and customised access policies set by a 

service provider. 

The ontology being used in this knowledge base (ManuService) includes all the base 

concepts for service request, business entity, manufacturing resource and business 

transactions. The proposed environment also allows manufacturers to insert their 

own know-how into the system. This mechanism gives them the ability to 

accurately describe their service capabilities. In addition, resource access policies 

for a resource in the cloud are part of the knowledge source. This has been proved 

effective in facilitating different cloud deployment modes (Lu et al., 2014). 

In summary, in this knowledge base, an integrated ontology (ManuService) serves 

as a generic data model that governs overall data structure in the cloud. 

Personalised products are created, based on the concepts defined in ManuService. 

After this, product instances (ABox) are input into the knowledge base. In addition, 

company-specific rules from manufacturers are sourced to the knowledge base 

after validation by the Rule Management Engine. Alternatively, engineering data 

stored in the SQL Database is processed by the Data Mining Engine, which outputs 

Jena rules, and these rules are further transferred as explicit engineering knowledge 

to the knowledge base. The knowledge base thus stores terminological (TBox) 

knowledge, assertive (ABox) knowledge (instances specific of the processed service 

request), and Jena rules (RBox).  
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Jena supports a range of inference engines or reasoners to be plugged into Jena. It 

includes a generic rule engine that can be used for many RDF processing or 

transformation tasks. In this research, the native rule engine is used to facilitate 

rule-based inference against RDF graphs. The output from the rule engine is an 

InfoGraph, which is a collection of triple objects converted from terminological 

knowledge, assertive knowledge and Jena rules. Then the SPARQL language is used 

to query the knowledge graph for matched patterns.  

The knowledge-based resource selection mechanism allows distributed rules to be 

plugged into the system for finding a request-resource match. This mechanism 

ensures the request-resource pairing complies with regional regulations, generic 

recommendations from international standards and user-defined policies. The 

resultant knowledge base contains (1) integrated ontology that incorporates the 

base concepts for describing highly customised service requests (See Chapter 4), 

and base concepts for describing manufacturing resources and capabilities (See 

Chapter 5), (2) regional regulations and special know-how, and (3) access policies 

set by service providers. These rules are all stored and indexed in the central SQL 

database and they can easily be updated by authorised parties. 
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Figure 7.2: Dynamics of knowledge base in the semantic web  
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7.4.3 Adaptive Service Composition 

The list of available resources that can be retrieved from the knowledge base is a 

refined list of services a project can use for production. In other words, it does not 

consider the feasibility of a potential service plan from the perspectives of cost, 

delivery time and sustainability. To economically construct a feasible service plan, 

the system introduces a Planning Agent to construct feasible service plans for a 

given project, using the available resources and services returned from the SPARQL 

Endpoint Engine. 

The Planning Agent takes a set of data where individual elements are tuples 

(key/value pairs). In this tuple, key is Task Id and value is Resource Id. For each 

tuple, the Planning Agent further queries the SQL database for a resource’s owner, 

availability information, etc. With this information at hand, the Planning Agent 

starts to construct a service plan. In the Planning Agent, cost and delivery time are 

set as the optimisation targets when constructing a service plan. Provider credit 

grade and proximity to the consumer are also listed as controlling parameters for a 

user to filter end results. This feature responds to the need to give service 

consumers the option of making their own selection from a list of feasible service 

plans, based on their own selection criteria. At this stage, all the potential service 

providers will be evaluated on service quality, lead time, cost, and other factors. A 

service consumer can filter different service plans based on customising criteria. 

Once several service plans are selected for detailed quote, the target service 

providers will receive quotation requests. From there, other downstream activities 

commence such as contract signing and service delivery management and tracking.  

7.4.4 Service Evaluation Matrix 

As discussed, the service mapping process consists of two stages: retrieval of 

feasible resources for a project (Stage A) and adaptive service generation based on 

real-time availability information (Stage B). Stage A uses semantic web reasoning 

to retrieve possible manufacturing resources. In this process, the ontology 

developed in Chapters 4 and 5, resource capability descriptions and access rules 

from service providers, recommendations from third-parties, and regional 
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regulations are all integrated into a knowledge graph. The semantic reasoning 

engine can then construct SPARQL queries to question the resultant knowledge 

graph for valid manufacturing resources for given predicates. Once these 

manufacturing resources are returned from the central knowledge base, the 

workload of each resource is further queried from the main SQL database for 

further lead-time calculations.  

To quantitatively evaluate QoS, three indexes were introduced. The first index is 

Service Coverage: it refers to the proportion of unique workpieces that a service 

provider can assign specific manufacturing resources to. It is defined as follows:  

𝑆𝐶 = 𝑆1 𝑆 ×100%⁄                                                                                          Equation 7-1 

where, 

SC - Service coverage of a service provider, 

 𝑆1- The number of unique workpieces that a service provider can assign at 

least one specific resource to, 

S - The sum of unique workpieces in a service project. 

Service Coverage assesses the capability of a service provider for carrying out a 

project. Very often, a manufacturer claims the capability of providing certain 

services in a description using natural languages. However, this kind of marketing 

information does not often reflect the actual capability of a service provider. 

Moreover, the difference in understanding of a common service offering leads to 

inefficient repeated talks between service consumers and service providers. Hence, 

Service Coverage was introduced, to evaluate the technical capability of a service 

provider. For each unique workpiece in a service project, the semantic reasoning 

engine queries feasible manufacturing resources from each company. If at least one 

cloud resource from the service provider can process the workpiece, this workpiece 

is counted as a soluble workpiece.  

The second index is Lead Time, which is used to represent the latency between the 

placement of a service order and delivery of the requested service. In manufacturing 
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companies, lead time is often capacity-dependent, and varies as the production 

capacity changes. In MCloud, the maximum lead time is set to 80 days, which is long 

enough for a small-to-medium-sized service project.  

The third index, Service Reliability, is used to evaluate ability to deliver the required 

service in a given time. A service offering can be delayed or suspended because of 

an unexpected resource breakdown. This would require backup resources to be 

employed for the timely delivery of the promised service. The amount of backup 

resources for a given service offering can reflect a service provider’s strength of 

service capability.  

To systematically define service reliability for a highly customised project, the 

following model was introduced. For a required product in a service project, there 

are m items in the product, each item is an undetachable object that can either be a 

workpiece or a sub-assembly. Therefore, a product is represented as: 

𝑊 = {𝑤1, 𝑤2, ⋯ ,𝑤𝑖, ⋯ ,𝑤𝑚}          (1 ≤ 𝑖 ≤ 𝑚)                                         Equation 7-2 

where, 

m - The number of items in a product structure, 

𝑤𝑖- The ith item in a product. 

There are n service providers in the cloud. The company pool can be defined as 

follows: 

𝐶 = {𝑐1, 𝑐2, ⋯ , 𝑐𝑗 , ⋯ , 𝑐𝑛}          (1 ≤ 𝑗 ≤ 𝑛)                                                   Equation 7-3 

where, 

n – The number of service providers in the cloud, 

𝑐𝑗  – The jth company in the service provider pool. 

For each item in the product, we define a service reliability index to represent a 

company’s ability to deliver the service. This index can be classified into three 

categories. For an off-the-shelf item such as a motor and bearing, if a service 



Chapter 7 – Service Composition 

146 

 

provider has stock for it or can source it from its suppliers, the service reliability for 

this item is set as 1. Strictly speaking, the ability to source a purchased item varies 

between companies because of different robustness in supply chain. In this research, 

supply chain dynamics were not considered. When a company has no matching 

resource for a fabricated item or no stock for an off-the-shelf item, the company’s 

service reliability for this item is zero. For a fabricated item, a company’s service 

reliability is calculated by evaluating its matching resources for each machining 

feature in the item. If we assume the ith item in the product is a fabricated item, it 

can be represented as: 

𝐹𝑖 = {𝑓𝑖1, 𝑓𝑖2, ⋯ , 𝑓𝑖𝑘 , ⋯ , 𝑓𝑖𝑝}          (1 ≤ 𝑘 ≤ 𝑝)                                                     Equation 7-4 

where, 

p – The number of features in the ith item, 

𝑓𝑖𝑘 - The kth feature in the ith item. 

For company 𝑐𝑗 , the number of matching resources for the kth feature in item 𝑤𝑖 is 

defined as 𝑟𝑖𝑗𝑘. Hence, company 𝑐𝑗 ’s matching resource set for item 𝑤𝑖 is: 

𝑅𝑖𝑗 = {𝑟𝑖𝑗1, 𝑟𝑖𝑗2, ⋯ 𝑟𝑖𝑗𝑘, … 𝑟𝑖𝑗𝑝} (1 ≤ 𝑘 ≤ 𝑝, 𝑟𝑖𝑗𝑘 ∈ ℕ
0)                           Equation 7-5 

If there is an element in 𝑅𝑖𝑗  that equals zero, the company is not a valid service 

provider. This is because in common practice, the most granular manufacturing job 

is at workpiece level, and it is not common that multiple companies collaborate on 

one workpiece. In this case, the service reliability is zero. When there is at least one 

matching resource for each feature in 𝑤𝑖 , service reliability is calculated by 

evaluating the addition of all valid manufacturing resources for all the features in 

𝑤𝑖. In this research, the service reliability is further scaled into a number between 

0 and 1. Therefore, company 𝑐𝑗 ’s service reliability for item 𝑤𝑖 is represented as:  

𝑆𝑅𝑖𝑗 =

{
 

 
𝑅𝑖𝑗,𝑚𝑎𝑥−∑ 𝑟𝑖𝑗𝑘

𝑝
𝑘=1

𝑅𝑖𝑗,𝑚𝑎𝑥−𝑅𝑖𝑗,𝑚𝑖𝑛
, 𝑅𝑖𝑗,𝑚𝑎𝑥 − 𝑅𝑖𝑗,𝑚𝑖𝑛 ≠ 0, ∀𝑥 ∈ 𝑅𝑖𝑗: 𝑥 ≠ 0 

                   1,        𝑅𝑖𝑗,𝑚𝑎𝑥 − 𝑅𝑖𝑗,𝑚𝑖𝑛 = 0, ∀𝑥 ∈ 𝑅𝑖𝑗: 𝑥 ≠ 0 

                  0,                                               ∃𝑥 ∈ 𝑅𝑖𝑗: 𝑥 = 0

       Equation 7-6 
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where 𝑅𝑖𝑗,𝑚𝑎𝑥 and 𝑅𝑖𝑗,𝑚𝑖𝑛 denote the maximum and minimum number of matching 

resources a company can offer for item 𝑤𝑖  among all service providers. After 

obtaining all service reliability levels for each item in a project, the sum of 

company  𝑐𝑗 ’s service reliability for a project is calculated as: ∑ 𝑆𝑅𝑖𝑗
𝑚
𝑖=1 . Again, a 

company’s service reliability for a project is normalized into a value between 0 and 

1:  

𝑆𝑅𝑗 = {

(∑ 𝑆𝑅𝑖𝑗
𝑚
𝑖=1 )

𝑚𝑎𝑥
−∑ 𝑆𝑅𝑖𝑗

𝑚
𝑖=1

(∑ 𝑆𝑅𝑖𝑗
𝑚
𝑖=1 )

𝑚𝑎𝑥
−(∑ 𝑆𝑅𝑖𝑗

𝑚
𝑖=1 )

𝑚𝑖𝑛

,     (∑ 𝑆𝑅𝑖𝑗
𝑚
𝑖=1 )

𝑚𝑎𝑥
− (∑ 𝑆𝑅𝑖𝑗

𝑚
𝑖=1 )

𝑚𝑖𝑛
≠ 0 

1,                                                   (∑ 𝑆𝑅𝑖𝑗
𝑚
𝑖=1 )

𝑚𝑎𝑥
− (∑ 𝑆𝑅𝑖𝑗

𝑚
𝑖=1 )

𝑚𝑖𝑛
= 0

      Equation 7-7 

The following pseudocode illustrates the overall process, from acceptance of a 

service project to displaying a list of service plans: 

START
      FOREACH Item in a Product
            IF the Item is an off-the-shelf item
                Query RDFMatch to find all available service providers
                Mark each service provider as a valid service provider for the Item
            IF the Item is a fabricated item
                  FOREACH Feature in the Item
                        Query RDFMatch to get all feasible resources for the Feature
                  ENDFOR
                  Mark a service provider that has at least one matching resource for each Feature as a valid service provider
      ENDFOR
      FOREACH Item in a Product
            IF the Item is a fabricated item
                  FOREACH Matching Resource in Resource List
                        Check its availability
                        IF the lead time is longer than expected project duration
                        Remove the Matching Resource from Resource List
                  ENDFOR
      ENDFOR
      FOREACH Service Provider in Provider List
            Calculate Service Coverage of the Service Provider
            Calculate Service Reliability of the Service Provider
      ENDFOR
END
  

Figure 7.3 Detailed service composition process in MCloud 

In the above process, RDFMatch is the knowledge-building service in MCloud, which 

takes the responsibility of “answering questions” based on the knowledge base at 

the backend. Note that a service provider can only be treated as a valid service 

provider for an item when it can offer at least one matching resource for each 

feature in the item, if the item is a fabricated item, or has stock for the item when it 
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is an off-the-shelf item. This is because it is unrealistic that an item could be 

scheduled to be machined on different machines from different companies. 

7.5 Case Study 

A practical case study was undertaken to validate the proposed service composition 

mechanism. The industry partner for this case study is the mechanical seal provider 

introduced in Chapter 4. The production process of interest is the identification of 

service providers and selection of manufacturing resources, in which the 

production of a highly customised mechanical seal solution is determined, based on 

matching results from the intelligent service composition module introduced in this 

chapter. Service composition, or production planning have been identified as 

critical business processes that directly schedule a solution design into the process 

of delivering it. This multi-national company has multiple manufacturing sites in 

different countries, each of which has defined production specialities. The company 

currently does not track any data related to production workload and real-time 

capability in each manufacturing site. Therefore, the sales department will usually 

need to determine the capacity in each workshop through emails, and plan 

accordingly after a tailored sealing solution is finalised.  

At present, the company attempts to streamline the process of production planning 

through an integrated IT system with minimum human involvement. Therefore, this 

case study uses the proposed two-stage approach to configuring a knowledge-based 

decision-making process, to automatically select the best service providers for the 

production of a highly customised seal project. More specifically, it is desirable that 

the service composition module be used to support global operation planning in a 

distributed enterprise, and even in a loosely connected manufacturing network.  

7.5.1 Set Up Testing Data 

The manufacturing project used in this case study is the mechanical seal example 

introduced in Chapter 4. This mechanical seal consists of off-the-shelf items and 

fabricated items, as shown in Figure 7.4. This project (See Appendix C for a full 

project description in ManuService) was submitted to the MCloud by a sales 

engineer from their global project office in Australia. As mentioned in Chapter 4, 
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project specification is in RDF/XML format and is compliant with ManuService 

ontology. A project specification at the current stage needs to be created semi-

automatically, with the assistance from ontology editors such as Protégé. 

Mechanical Seal

O-Ring A Spring Seat
Retaining 

Ring
Shaft Sleeve 

Sub-assembly

Shaft 
Sleeve

Square Pin

O-Ring B DriverSet Screw
Cover Sub-
assembly

Assembly 
Fixture

CoverInsert

HSH Cap Srew Gasket
Head 

Screw Plug
Seal Face

XXXOff-the-shelf Item XXXFabricated Item

 

Figure 7.4 BOM structure of a mechanical seal 

As mentioned before, the case company is a world-leading sealing solution provider 

with distributed subsidiaries in Austria, New Zealand, Singapore, Japan, US, etcetera. 

In the Asia-Pacific region, production orders are distributed from project 

management office in Sydney. Production capacities from workshops in Australia, 

New Zealand, and Singapore are queried through emails between project managers 

and local production managers. In the MCloud, we aimed to demonstrate the 

flexibility of making accurate production planning decisions based on connected 

workshops and resources in the cloud environment.  

Based on the virtualisation methods introduced in Chapter 5, three local workshops 

were virtualised on MCloud. Taking the New Zealand workshop as an example, it 

owns several advanced CNC machining centres, such as Mazak Quick Turn Nexus 

100-II MS and Mazak Vertical Centre Nexus 510C-II. Each manufacturing resource 

has a dedicated scheduler associated with it, as shown in Figure 7.5. A production 

planner can manually edit production events on a manufacturing resource (Figure 

7.6). Alternatively, a machine-tool monitoring system can be connected to MCloud. 

Real-time production dynamics can be transferred back to MCloud, and this 

scheduler will be automatically adjusted. This availability information will be used 

in the service composition process. 
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Figure 7.5 Screenshot of a resource schedule 

 

Figure 7.6 Screenshot of editing a production event of a machine tool 
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In this test case, some essential domain knowledge was sourced from governance 

bodies and recognised machine tool vendors, and used as baseline rules when 

mapping manufacturing resources and the given project. For example, a workpiece 

size should be less than the maximum working space of a machine tool. Taking 

Mazak Quick Turn Nexus 100-II MS as an example, the diameter of the workpiece 

should be smaller than the maximum machining diameter of the machine tool, and 

the workpiece length should be shorter than the maximum machining length of the 

machine tool. 

Rule: [(?x ms:hasAccessTo ?y) <- (?x rdf:type ms:Workpiece ), (?y rdf:type 

ms:MazakQTN100IIMS), (?x ms:workpieceDiameter ?d), (?x ms:workpieceLength ?l), (?y 

ms:maxMachiningDiameter ?maxD),(?y ms:maxMachiningLength ?maxL), ge(?maxD,?d), 

ge(?maxL, ?l)] 

Another essential rule set is the rules for mapping a specific type of machining 

feature with a machine tool. For example, a machine tool can process 

PlanarSurfaceFromTube feature if the machine tool has a turning function.  

Rule:[(?x ms:canProcess ?y) <-(?x rdf:type ms:MachiningResource)(?x ms:hasFunction 

ms:Turning)(?y rdf:type ms:PlanarSurfaceFromTube)] 

Similar rules need to be developed for other feature types in Figure 4.8. All these 

rules are stored to the central Microsoft SQL Server at the back end. 

7.5.2 Service Composition Process 

After this, the project manager from Australia clicks the “Upload” button in Figure 

4.13. MCloud will then start parsing the uploaded file, search for feasible 

manufacturing resources for each fabricated item, and search for inventory for off-

the-shelf items from each service provider. It should be noted that a manufacturing 

resource will not be counted as an available resource if a manufacturing resource is 

not available within the expected time frame. The service matrix will then be 

calculated for each available service provider. The mapping result is displayed on 

the following screenshot (Figure 7.7). On this page, Service Coverage, Lead Time 

and Service Reliability are listed for each service provider. A user can adjust the 
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scale bar of each matrix to short-list the available service providers for the project. 

In the current setting of MCloud, maximum lead time is set to 80 days. Service 

Coverage and Service Reliability are both numbered as a percentage. Once the 

project manager is happy with a service provider in the list, he/she can click the 

“Get in Touch” button to ask for more accurate information. The service provider 

will receive a notification in MCloud as well as an email. Then the typical quoting 

process begins; if a quote is accepted, production of the project will commence.  

 

Figure 7.7 Screenshot of service recommendations for a project 

7.5.3 Discussions 

Based on these case study results, it can be said that the knowledge-based service 

composition module exhibits acceptable accuracy for mapping customised service 

requests with distributed manufacturing capabilities. This integrated service 

composition module successfully connects sales engineers with isolated 

manufacturing resources from multiple workshops. It enables real-time querying of 

production capacity, and provides accurate capability information for sales 

engineers or production planners to forecast and schedule production jobs. 

For the demonstrated case study, the successful application of the proposed service 

composition method was attributable to two key factors: explicit representation of 



Chapter 7 – Service Composition 

153 

 

domain knowledge and company rules, and real-time resource availability 

information. Although it may not always be easy to get a good set of engineering 

rules from each service provider, it is essential to have expert input throughout the 

data preparation process. Good quality data is essential for the successful 

application of the proposed method. It is acceptable if a service provider does not 

have the expertise to summarise its unique engineering knowledge. It is anticipated 

that with the running of MCloud, more and more recommended engineering 

knowledge will be sourced from machine tool vendors, governance bodies and 

developers.  

Positive feedback was received from the industry partner with regard to the 

application of semantic-web based service mapping, with the assistance from a 

dedicated expert system. It was found that a centralised resource management 

environment is beneficial to a distributed enterprise, even if the enterprise only 

utilises MCloud as a private cloud environment. This is because it provides 

distributed manufacturing companies with great flexibility in managing 

manufacturing resources. The specification of a customised service project in 

ManuService, and the resource virtualisation process, is a relatively time-

consuming process; the generation of ManuService files for service requests and 

resources, and Jena rules for engineering knowledge can take some time, and 

require professionals with semantic-web knowledge. However, this is a one-off 

process and modification to existing records is quite straight forward. In addition, 

there are a growing number of tools on the Internet to help users with this data 

input process. 

7.6 Summary 

A knowledge-based service composition process is proposed for mapping 

customised service requests with distributed manufacturing resources in the cloud. 

The proposed approach draws inspiration from past service composition methods 

to provide a quantitative service evaluation matrix for each mapping result. In this 

research, the concepts of Service Coverage, Lead Time and Service Reliability are 

proposed, to evaluate the QoS. It is anticipated that these three indexes will 

systematically evaluate each service result from different perspectives.  
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In terms of the service composition process, a two-staged approach is used. The first 

step is to use engineering knowledge from distributed sources such as governance 

bodies, recognised machine tool vendors, and individual service providers. These 

rules are converted to a knowledge map and used as decision-making policies in the 

process of mapping service requests with manufacturing resources. The second 

step is to filter returned results against real-time availability information from a 

resource schedule. This method ensures only available manufacturing resources 

are sourced for a given job.  

An industrial case study that examines the effectiveness of finding optimal 

manufacturing resources for a customised manufacturing job in the cloud 

environment was conducted. This study addressed the problem of production 

forecasting and planning in a distributed manufacturing company. It proved that 

MCloud can be used as an effective system of managing distributed manufacturing 

resources, and is capable of identifying the best manufacturing services for a highly 

customised manufacturing job. 
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Chapter 8  

Conclusions and Future Work 

This chapter presents the conclusions reached as a result of this research, and also 

provides recommendations for potential future research. A summary of the 

research context and completed research is presented, followed by a description of 

major achievements and contributions to the domain of related knowledge. Future 

research directions are then outlined, with respect to trends in cloud manufacturing 

research and industrial implementation.  

8.1 Recap of the Research 

This research stems from companies’ increasing need for rapid production of high 

value-added customised products in a networked global manufacturing 

environment. The MCloud project is an industrial collaboration between the 

University of Auckland, and leading companies from New Zealand and China. The 

key research objective is to develop a cloud manufacturing environment to facilitate 

rapid development of highly customised products and effective service-oriented 

business interactions, using an innovative combination of concepts, theories and 

methodologies, from a range of different fields.  

In order to identify the research gap, and work towards a suitable solution, it was 

first necessary to understand the operating environment faced by manufacturers in 

industry. Literature research was conducted in the area of cloud manufacturing, as 

cloud manufacturing was recognised as one of the solutions for enabling rapid 

production of customised products at changing scales. A thorough review of past 
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cloud manufacturing work highlighted a research gap with respect to a lack of 

support for implementing cloud manufacturing technologies in the industry setting. 

This served as the main motivation for the study, and an integrated cloud 

manufacturing environment composed of typical features of an enterprise-level 

information system was proposed, to bridge the identified research gap between 

theoretical cloud manufacturing research and its practical application in cloud 

manufacturing. It provides industry users with a means to plan manufacturing 

resources for a highly customised product, through on-demand consumption of 

virtualised manufacturing resources from service providers. 

The overall system framework is named MCloud, and consists of four system 

modules defined to address the practical problems of cloud-based manufacturing 

management. A service-oriented architecture was used for the development of the 

system for its flexibility and commercial viability; it also offers the potential for easy 

customisation of system features to suit various industry implementation 

requirements. Due to the practical nature of this study, significant industry 

collaboration was maintained throughout the project duration and the research 

work was initialised by actual industry needs from case study companies.  

The first module of the system is for understanding customised service requests. 

Representation of customised service requests has been recognised as a significant 

research dimension of cloud manufacturing, and it is a key research question to be 

addressed for smart service-oriented manufacturing in a global environment. The 

product parsing module utilises the most advanced semantic-web technologies, to 

represent highly customised service requests. This module provides service 

consumers with an intuitive means of creating service requests. Highly customised 

manufacturing jobs can be created using the developed data model (ManuService). 

ManuService consists of all the necessary concepts for describing personalised 

products. These concepts include product specifications, quality constraints, 

manufacturing processes, organisation information, cost expectations, logistic 

requirements, etcetera. The developed web system can also assess the integrity of 

the uploaded data, and provide detailed error messages for invalid data entries. 

Positive feedback was received on the ease of use of system functions and 

completeness of the proposed data model. 



Chapter 8 – Conclusions and Future Work 

157 

 

Resource virtualisation is the focus of the second system module. Past cloud 

manufacturing research has identified resource virtualisation as an important 

element of mapping manufacturing resource with service requests. The resource 

virtualisation module seeks to standardise the resource virtualisation process, and 

provide service providers with a means to efficiently connect a physical 

manufacturing resource to the cloud environment and accurately describe its 

capability. Semantic web technologies is a modelling method that has been 

identified as an effective tool to model resource capabilities in an open environment. 

In this module, a multi-domain, multi-granularity, multi-level resource 

virtualisation framework is proposed, to allow a service provider to efficiently 

describe service capability. A service provider can virtualise service capabilities at 

the company level, workshop level, and resource level, via the intuitive web 

interface. The ability to quantify resource capabilities is highly useful, as it allows 

the MCloud environment to quickly identify optimal resources for a given job. 

The third module concentrates on the access control problem in a cloud 

manufacturing environment. This is a significant research question that needs to be 

addressed for industrial implementation of cloud manufacturing, as the ability to 

control the scope of resource sharing is a major concern for resource owners. 

Different companies at different business stages may have different resource 

sharing needs. A company may only want to share a specific resource with itself, 

while being willing to share another resource with anyone in the cloud. A versatile 

access-control mechanism that allows service providers to create custom cloud 

modes is developed in this module. This module allows service providers to join 

predefined clouds (e.g., private and public clouds) and more importantly, provides 

service providers with a means of creating unique clouds using Jena rules. A 

resource can be easily allocated between different clouds.  

Finally, another important aspect of cloud manufacturing is addressed by the fourth 

module of MCloud. A multi-stage knowledge-based approach to service 

composition is identified as most suitable, due to the knowledge-intensive nature 

of real-life production planning problems. Key challenges for service composition 

in cloud manufacturing are studied, and a knowledge-based mapping methodology 

is proposed for pairing service requests with manufacturing resources. In addition, 
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resource availability information is used as an additional data source for screening 

feasible manufacturing resources. This knowledge-based decision-making 

mechanism uses distributed manufacturing knowledge in the cloud as the 

knowledge source for resource selection. As part of the service composition process, 

three quality evaluation indexes are used to assess each possible service plan for a 

given service job. The case study has demonstrated that the developed service-

composition methodology is capable of querying feasible service plans for complex 

manufacturing projects.  

A number of papers based on this research have been published. This collection 

consists of three journal papers and four conference papers. As part of the initial 

research, a comprehensive review of developments in cloud manufacturing was 

conducted to develop an understanding of the research challenges. This was 

presented as a conference paper at ASME IMECE 2013 (Lu et al., 2013). Another 

focused review was conducted on potential technologies for service-oriented 

manufacturing in a cloud environment, and presented at the International 

Conference on Industrial Engineering and Engineering Management (IEEM) 2014 

(Lu & Xu, 2014). The main system architecture and technical solutions for a hybrid 

manufacturing cloud were presented as a journal paper and published in the Journal 

of Manufacturing Systems (Lu et al., 2014). The proposed data model for 

representing customised manufacturing service requests was reported in the 

Journal of Intelligent Manufacturing (Lu et al., 2016). The proposed approach to 

resource virtualisation was presented in the International Journal of Manufacturing 

Research (Lu et al., 2014). Research publication abstracts can be found in Appendix 

D. 

8.2 Scientific Contributions 

The MCloud system and its associated system modules were developed to enable 

rapid development of highly customised products and effective service-oriented 

business interactions. The following highlights the scientific contributions made 

through the course of this PhD: 
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Contribution 1: Cloud environment for production of personalised products 

The hybrid cloud manufacturing system introduced in this research provides 

industry users with a means to effectively organise production for personalised 

products in a crowdsourcing environment. This system is believed to be 

pioneering work that provides a practical solution for rapidly organising 

production for personalised products. The proposed framework serves as a one-

stop solution for manufacturing companies to share manufacturing resources and 

quickly produce personalised products at changing scales, using distributed 

manufacturing resources in the cloud. More specifically, it enables companies with 

redundant manufacturing assets to offer consumable manufacturing services in the 

cloud. In addition, companies with production needs can request on-demand 

scalable manufacturing services through the cloud interface. More importantly, 

MCloud enables a service consumer to upload specifications of highly customised 

products as data input, and use it to generate feasible service plans. The ability to 

plan production of personalised products in a global manufacturing network 

can help innovators quickly validate product designs, and greatly shorten 

time-to-market for new products. 

Contribution 2: Representation of personalised service requests 

To date, there has not been much research effort on representing personalised 

service requests, although it has been identified as a significant dimension of cloud 

manufacturing research in a service-oriented business environment. The first 

module developed in this research enables explicit representation of highly 

customised service requests, through the introduction of a comprehensive data 

model for personalised products. A contribution to knowledge was made in the area 

of product data models, through the development of an open, semantic-rich, and 

standard-compatible product data model. The developed model (ManuService) 

provides a module-based, reconfigurable, privacy-enhanced, and 

standardised approach to modelling personalised manufacturing service 

requests. This unique data model enables just-enough data to be captured 

throughout the whole service transaction process in the cloud. The ability to 

describe just-enough information about a service request boosts a service 
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consumer’s trust in cloud manufacturing technology, and for the first time 

provides a practical guideline on the scope of service request data in the cloud. 

Subsequent implementation of a web system to parse a service request enabled the 

practical application of the proposed data model, and demonstrated its ability to 

correctly represent and store key information of a service request, for use in 

downstream service planning and execution activities. 

Contribution 3: Multi-level and multi-granularity resource virtualisation  

Most of the research virtualisation technology reported in the literature fails to 

enable service providers to easily describe the capabilities of manufacturing assets 

at multi-granularities and multi-levels. A multi-domain, multi-granularity, and 

multi-level resource virtualisation mechanism was developed in this 

research, which is so far the most comprehensive resource virtualisation 

mechainism. The proposed data model, based on semantic-web technologies, 

offers ‘capability-oriented’ description methods for expressing ‘what-I-can-do’ 

information, from company level down to resource level. Definitions in the 

proposed data model were sourced from international standards, and 

recommended engineering practice from recognised machine tool vendors, which 

enables the developed data model to be integrated with existing legacy PDM 

systems. The proposed data model also provides resource owners with the ability 

to write customised know-how associated with a resource. This feature was proved 

very powerful in practical application, as the process of determining feasible 

manufacturing processes of a manufacturing resource is knowledge-dependent. 

The case studies showed that a service provider can easily virtualise its resources 

and capabilities at the company, workshop and resource level, using pre-defined 

virtualisation templates. In addition, the proposed resource virtualisation 

mechanism meets all the needs from industrial implementation and is very easy to 

use. Based on this, future work could be carried out to introduce more resource 

virtualisation templates to the MCloud environment.  
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Contribution 4: Context-aware access control of manufacturing assets 

There is little research work on access control of manufacturing assets in the cloud 

environment; there are very limited methodologies available for defining highly 

complex resource-access control policies. A context-aware access control 

framework for manufacturing assets was proposed in this research. This 

framework was proved a significant research output to address the access 

control problem in the cloud manufacturing environment. Resource access 

control has been identified as a key research question in global production 

networks, as different service providers have different resource-sharing needs, 

subject to the business context. The ability to easily define resource-access policies 

is very necessary for the industrial implementation of cloud manufacturing. The 

semantic-web-based access control mechanism provides service providers with a 

means to effectively create customised resource access-control policies, using pre-

defined domain vocabularies. With the implementation of this access control 

mechanism, manufacturing resources are placed virtually in different clouds, each 

of which is defined by a set of access policies by the cloud owner. At the macro level, 

the MCloud system creates a hybrid environment where a resource can be easily 

switched between private, public and community clouds. The flexibility of changing 

resource-sharing modes with simple mouse-clicks allows a service provider to 

quickly adjust marketing strategies as the business environment changes. 

Contribution 5: Knowledge-based service composition 

The fundamental issue in generating a service plan for a service request is to map 

feasible manufacturing resources with a service request. This process is called 

service composition, and there is a lack of practical solutions, though much effort 

has been recognised in the literature. This contribution to knowledge was made 

in the area of service composition in cloud manufacturing, through the 

development of a two-stage knowledge-based service composition method, 

using knowledge-based decision-making. This method utilises distributed 

knowledge, or rules, from governance bodies, machine tool vendors, and individual 

service providers as decision-making policies, in the process of making service 

recommendations for a service request. In this process, capability descriptions of a 
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resource, engineering knowledge from machine tool vendors, and resource access 

rules set by the owner of a resource are all incorporated into an integrated 

knowledge map, which is used to drive the resource selection process. Each service 

plan is further assessed by three quality indexes: Service Coverage, Lead Time and 

Service Reliability. These three indexes provide a quantitative benchmarking 

scheme for evaluating the quality of each service. The second stage of the process is 

to query the real-time availability information of a resource, and use the result to 

screen invalid service plans. This two-stage knowledge-based process sets the 

proposed method apart from previous research efforts, as distributed engineering 

knowledge is utilised as the main decision-making criteria. This approach conforms 

to the actual industrial context, as the process of determining optimal 

manufacturing resources for a job is a knowledge intensive activity. Using real 

engineering knowledge from service providers can greatly increase the mapping 

accuracy. Implementation of the proposed service composition methodology as a 

web system allows service providers to keep improving mapping accuracy, by 

improving the uploaded engineering knowledge during the course of using MCloud.  

The significance of the overall MCloud system lies in the fact that it effectively 

connects distributed manufacturing resources in an integrated cloud 

environment, and quickly generates optimal service plans for personalised 

manufacturing requests. One novel aspect of this research is the amalgamation of 

concepts, theories and methodologies from a range of different fields, to produce a 

system that is synergistic in its components and provides a link between theoretical 

research and practical application. The proposed system is the first step towards a 

flexible and scalable software system which is able to provide in-depth support for 

service-oriented manufacturing interactions between connected enterprises, for 

rapid production of highly customised products at changing scales. 

8.3 Recommendations for Future Work 

A number of future research opportunities have been identified that merit future 

development. Specifically, future work is anticipated towards further integration 

with real-time shop-floor monitoring systems and enhancement of proposed 

system functions. 
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As identified in the literature review, cloud manufacturing is still a relatively new 

concept that needs to be further researched, especially its commercialisation side 

of it. It is clear that a total integrated manufacturing environment that can quickly 

respond to complex customer needs is required for factories of the future. 

Companies should be capable of producing one-off items in very low production 

volumes, whilst still making a profit. Therefore, companies should seek new 

methods to streamline business processes, and reconstruct manufacturing 

resources to be more flexible. In a highly dynamic and connected world, cloud 

manufacturing research should look into ways of integrating other business 

systems used in the manufacturing environment, such as PDM systems, ERP 

systems and shop-floor monitoring systems. Therefore, further extended research 

work is required in the following areas: 

 integration with commercial CAD packages for direct generation of service 

requests from CAD environments. The current version of MCloud requires a 

service consumer to upload a service request file, which can be easily created in 

an ontology editor such as Protégé. However, it would be better if there were an 

add-on in commercial CAD packages, such as AutoCAD and Solidworks, that 

could directly output a manufacturing service request based on a product design 

 introduction of more resource virtualisation templates. More resource 

virtualisation templates need to be provided for well-recognised manufacturing 

resources. These templates should be developed with resource manufacturers, 

as they have the best knowledge of their products 

 development of an IoT-based shop-floor monitoring system. An IoT-based 

monitoring system could integrate with MCloud environment to provide real-

time service execution status and resource health information. These data can 

be used to identify service faults and improve service composition accuracy 

 validation of the developed system prototype from more business partners. 

Successful implementation of the proposed system framework and the 

developed system prototype requires continuous R&D investment, and case 

studies from more industrial partners
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A1 User Guide for Sign Up 

The minimum system requirements for using MCloud are: 

 hardware requirements: min. 1.6GHz Processer, 1GB RAM 

 software requirements: supported system platforms include Windows 

7/8/10, IOS 7+, and Android 3.0+. Supported browsers include Microsoft IE, 

Mozilla Firefox, and Google Chrome 

 internet requirements: broadband connection recommended 

A1.1 Sign Up MCloud Service 

Browse to ‘Sign Up’ page of MCloud for registering a company. The graphical 

navigation menu shown on the registration page (Figure A.1) gives an overview of 

the major modules provided and is a global template for all web pages. Double click 

an item to access the function and enter the desired module. Below is a brief 

introduction to each major module. Detailed functions of each module are discussed 

in detail separately. 

MyCompany: the main module for managing company details and contacts in the 

company 

MyProject: the main module for managing service projects. In MCloud, every 

service request is a project 

MyResource: the main module for managing manufacturing resources in the cloud 

MyKnowledge: the main module for managing custom know-how that is applied to 

resources 

MyCloud: the main module for managing custom clouds. 

The process for setting up a new company in MCloud is to enter all the information 

on Figure A.1. Once all built-in validations pass, a new company will be registered 

on MCloud. The contact information will be created as the administration details of 

this new company. 
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Figure A.1 Company registration form 

Once the ‘Submit’ button is clicked and all fields are valid, a confirmation email 

containing the confirmation web link will be sent to the administration email 

address as shown in Figure A.2. Once the ‘Activate’ button in the email is clicked, the 

new company account will be activated and all the services are ready to be used. 
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Figure A.2 Registration confirmation email 

A1.2 Account Management 

A registered user can log into MCloud using the newly created login details from the 

login page shown in Figure A.3. You can click ‘Remember me’ to store your login 

information in the browser so that you do not need to type in login information to 

log in a second time. If you forget your password, you can click the ‘Forgot your 

password?’ button to set the temporary password for your account. 

 

Figure A.3 User login page 
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Once logged in, click the ‘MYCOMPANY’ Tab on the navigation bar; you will be 

directed to the company setting page as shown in Figure A.4. This page displays the 

basic information of your company including company name, telephone number, 

company email address, physical address and shipping address, and all company 

contacts on MCloud. You can edit your company profile by clicking the ‘Edit 

Company Profile’ button in Figure A.4. You will be taken to the company profile 

editing page as shown in Figure A.5. 

 

Figure A.4 Company summary page 
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Figure A.5 Web page for editing company profile 

You can manage your company contacts through the web page in Figure A.4. A 

contact in your company will be a registered user in MCloud, with access to 

restricted access in certain modules based on role. Click the ‘Create New Contact’ 

button to create a new contact for your company. This button is only visible to your 

company administrator. Please contact your company admin for adding you as a 

contact for your company. As an admin, you can also modify a contact’s details or 

change a contact’s role, by clicking the ‘Edit’ button on each role of the contact table.  

A2 User Guide for MyProject Module 

This section will cover the basic functions currently provided by the first module. 

Note that in MCloud, the module is called MyProject. 

A2.1 Project Summary Page 

MyProject Module is the module for creating/uploading customised service 

requests. It is the main function for a service consumer. Note that this module is 

open to all registered companies. This means as a registered company, you can be a 
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service consumer as well as a service provider. After clicking the “MYPROJECT” link 

on the main navigation bar, you will be taken to the “Project List” page as shown in 

Figure A.6.  

 

Figure A.6 Project list page 

On this page, you can view all projects from your company. Each project contains all 

fundamental information, including Project Name, Project Manager, Description, 

Status, Created Date and Project Version. You can also click the “Details” icon on 

each project to view more details about a selected project.  You can create the “Find 

Service” button to query possible resources for a given project. This function will be 

covered in a dedicated section. 

A2.2 Create a Project 

If you want to create a new project, please click the “Create New Project” button. 

You will be taken to the project creation page, as shown in Figure A.7. The project 

creation page currently only supports creating a project by uploading a 

ManuService file. More R&D effort has been expended on allowing a user to create 
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a project through drag and drop operations. Please follow the steps below to create 

a project: 

1. click “Select file”, identify a correct project file from the targeting folder on 

your computer 

2. click the “Open” button on the “File Open” Dialog 

3. click the “Upload” button in Figure A.7 to upload the selected file 

If any error in the selected file is identified during the upload process, the upload 

process will be terminated and error messages will be displayed to the user. This 

feature will ensure only correct data is created on MCloud.  

 

Figure A.7 Web page for creating new project 
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Figure A.8 Screenshot of selecting a project file 

Creating a new project using ManuService is quite straight forward for an engineer 

with basic ontology knowledge to create a project. Here is a list of useful material 

about ontology: 

 Ontology Development 101: A Guide to Creating Your First Ontology. Web 

link:http://protege.stanford.edu/publications/ontology_development/ont

ology101.pdf 

 OWL Web Ontology Language Overview. Web link: https:// www.w3.org/ 

TR/ owl-features/ 

 Protégé: http://protege.stanford.edu/ 

 Apache Jena: https://jena.apache.org/ 

A recommended approach to creating a project is to use Protégé Editor and follow 

their user guide: http://protegewiki.stanford.edu/wiki/WebProtegeUsersGuide. 

A2.3 Query Manufacturing Service 

Once a project is uploaded, click the “Find Service” button associated with this 

project to find possible manufacturing services (as shown in Figure A.6). Once this 

button is clicked, MCloud will start querying the knowledge base and database to 

find all possible manufacturing resources for the project (See Chapter 7 for 

technical details). After the query process ends, a web page listing all valid service 

http://www.w3.org/
http://protege.stanford.edu/
https://jena.apache.org/
http://protegewiki.stanford.edu/wiki/WebProtegeUsersGuide
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plans for the project is displayed, as shown in Figure A.9. All the valid service 

providers are listed on the page. For each service provider, the Service Coverage, 

Lead Time and Service Reliability are listed. Drag the horizontal bar to adjust the 

value range of an index. When the value bars are set, the service plan results will be 

filtered to accept only valid results.  

 

Figure A.9 List view of valid service plans for a project 

Click the “Get In Touch” button to contact a service provider for further information 

about detailed costs and lead-time. At the back end, the clicked service provider will 

be notified of an incoming service request. At the present stage, all the quotation 

process happens off-line, using conventional communication channels such as email.  

A3 User Guide for MyResource Module 

Click on the “MYRESOURCE” menu item in the main MCloud home page to access 

this module. This module is mainly for service providers to connect manufacturing 

resources to the MCloud, using the developed multi-level resource virtualisation 

mechanism.  
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A3.1 Resource List 

The default page for the MyResource Module is the web page in Figure A.10, which 

provides a list view of all connected manufacturing resources under your company. 

This list provides a snapshot of a manufacturing resource at the time of query. This 

list displays the name, description, category and status of a resource. You can 

change the status of a resource from a status list. For example, if a resource is set as 

‘Disabled’, it will not be treated as an active resource in the resource pool. On this 

page, you can create a manufacturing resource by clicking the “Connect New 

Resource” button. Click the “Details” button for details of a resource. Click the “Edit” 

button to edit the details of a resource. Click “Delete” to delete a resource for MCloud. 

 

Figure A.10 List view of all connected manufacturing resources 

A3.2 Connect a Resource 

Click the “Connect New Resource” button on the web page in Figure A.10 to create 

a new resource. You will be taken to the following page (Figure A.11). The 

mandatory fields of a resource include: Name, Description, Item Code, Category and 

Status. Category is very important, as the selection of this field will link the resource 

to a pre-defined resource virtualisation template from the knowledge base. The 

linked template contains all standard capabilities for a resource of this type. These 

standard capabilities are sourced from the resource manufacturer. If you have 

additional knowledge on using this particular resource, you can document the 
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knowledge in the “Optional Capability Description” field, using Jena rules. For 

details on how to use Jena, please refer to the Jena official website: 

https://jena.apache.org/. Once all the details are filled, click the “Create” button to 

submit. After a resource is created, you will be taken back to the resource list page. 

 

Figure A.11 Web page for creating a resource 

A3. 3 Resource Schedule 

View Resource scheduler 

Click the “Details” button in Figure A.10 to go to the scheduler of the selected 

resource as shown in Figure A.12. This web page displays all scheduled 

manufacturing jobs, for the selected manufacturing resources. You can click the 

drop-down list at the top to navigate through all active manufacturing resources. 

This scheduler is for you to plan the production activities on a resource. 

https://jena.apache.org/
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Figure A.12 Scheduler of a manufacturing resource 

You can view resource availability by day, week, month or agenda by clicking 

buttons on the top right corner of the scheduler.  

 

Figure A.13 Agenda view of a resource availability 
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You can also quickly navigate to a specific date by choosing a date from the datetime 

picker, as shown in Figure A.14. 

 

Figure A.14 User interface for viewing resource availability by date 

Create a Task 

Click any slot on the timetable; an “Add New Event” dialog will pop up as shown in 

Figure A.15. You can specify the Title, Start Date, End Date, Description and other 

information about the event. Once all information is filled, click the ‘Save’ button to 

add it. When a new event is added, the specified time duration will be reserved and 

the affected resource will become unavailable to new requests during this time.  
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Figure A.15 User interface for adding new production task 

Edit a Task 

Editing an existing task is very similar to adding a new task. Double-click the target 

event; the edit dialog will pop up. Make changes to the selected task and save it. The 

changes will be made immediately and saved to the database. 

A4 User Guide for MyCloud Module 

Click on the “MYCLOUD” menu item in the main MCloud home page to access this 

module. Though named ‘MYCLOUD’, the key value of this module is providing 

service providers with a flexible tool to implement context-aware access policies 

for manufacturing resources.  

A4.1 Cloud List 

The default page of this module is a list view of all your clouds in MCloud, as shown 

in Figure A.16. This list displays all the clouds created by your company. You can 

quickly navigate through all the clouds through the pagination, at the bottom of the 

page. Disabled clouds are marked with a special colour scheme, so you can easily 

find all the active clouds listed under your company.  
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Figure A.16 List view of custom clouds 

A4.2 Create a Cloud 

Click the “Create a Cloud” button on the web page shown in Figure A.16 to create a 

new cloud. You will be taken to the web page in Figure A.17. On this page, you need 

to fill all the fields on the form. The content of the cloud is the definition of the cloud, 

which needs to be defined using Jena rules. For technical instructions on writing 

clean Jena rules, please check the official website of Apache Jena. You also need to 

set the status of the cloud. If the cloud is set to “Enabled”, it will be indexed by 

MCloud. The definition of the defined cloud will be integrated into the backend 

knowledge base and used in future service queries.  
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Figure A.17 Web page for creating a cloud 
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B1 Graphical Representation of ManuService 

The following diagram (Figure B.1) illustrates the overall structure of the developed 

diagram. Detailed structure of Turning Feature is on Page-2, detailed structure of 

Milling Feature is on Page-3, and detailed structure of HoleMaking Feature is on 

Page-4. 

 

Figure B.1 Overall structure of ManuService ontology 
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Figure B.2 Milling feature list (Page-2) 
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Figure B.3 Turning feature list (Page-3) 
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Figure B.4 Holemaking feature list (Page-4) 

B2 RDF/XML Representation of ManuService 

<?xml version="1.0"?> 

<!DOCTYPE rdf:RDF [ 

    <!ENTITY owl "http://www.w3.org/2002/07/owl#" > 

    <!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" > 

    <!ENTITY dcterms "http://www.manunetwork.com/dc/terms/" > 

    <!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" > 

    <!ENTITY ms "http://www.manunetwork.com/manuservice/v1#" > 

    <!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#" > 

    <!ENTITY dc "http://www.manunetwork.com/dc/elements/1.0/" > 

]> 

<rdf:RDF xmlns="http://www.manunetwork.com/manuservice/v1#" 

     xml:base="http://www.manunetwork.com/manuservice/v1" 

     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

     xmlns:owl="http://www.w3.org/2002/07/owl#" 

     xmlns:ms="http://www.manunetwork.com/manuservice/v1#" 

     xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 

     xmlns:dcterms="http://www.manunetwork.com/dc/terms/" 

     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 

     xmlns:dc="http://www.manunetwork.com/dc/elements/1.0/"> 

    <owl:Ontology rdf:about="http://www.manunetwork.com/manuservice/v1#"/> 
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    <!--     

/////////////////////////////////////////////////////////////////////////////////////// 

    // 

    // Annotation properties 

    // 

/////////////////////////////////////////////////////////////////////////////////////// 

     --> 

     

    <!-- http://www.manunetwork.com/dc/elements/1.0/contributor --> 

    <owl:AnnotationProperty rdf:about="&dc;contributor"/> 

     

    <!-- http://www.manunetwork.com/dc/elements/1.0/creator --> 

    <owl:AnnotationProperty rdf:about="&dc;creator"/> 

     

    <!-- http://www.manunetwork.com/dc/elements/1.0/rights --> 

    <owl:AnnotationProperty rdf:about="&dc;rights"/> 

     

    <!-- http://www.manunetwork.com/dc/terms/license --> 

    <owl:AnnotationProperty rdf:about="&dcterms;license"/> 

     

    <!--  

    /////////////////////////////////////////////////////////////////////////////////////// 

    // 

    // Object Properties 

    // 

    /////////////////////////////////////////////////////////////////////////////////////// 

     --> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#acceptedPaymentMethod --> 

    <owl:ObjectProperty rdf:about="&ms;acceptedPaymentMethod"> 

        <rdfs:label xml:lang="en">accepted payment method</rdfs:label> 

        <rdfs:range rdf:resource="&ms;PaymentMethod"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#appliesToDeliveryMethod --> 

    <owl:ObjectProperty rdf:about="&ms;appliesToDeliveryMethod"> 

        <rdfs:label>applies to delivery method</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;DeliveryChargeSpecification"/> 

        <rdfs:range rdf:resource="&ms;DeliveryMethod"/> 

    </owl:ObjectProperty> 
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    <!-- http://www.manunetwork.com/manuservice/v1#appliesToFeature --> 

    <owl:ObjectProperty rdf:about="&ms;appliesToFeature"> 

        <rdfs:label xml:lang="en">applies to feature</rdfs:label> 

        <rdfs:range rdf:resource="&ms;MachiningFeature"/> 

        <rdfs:domain rdf:resource="&ms;Workingstep"/> 

        <rdfs:domain rdf:resource="&ms;Workplan"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#appliesToPaymentMethod --> 

    <owl:ObjectProperty rdf:about="&ms;appliesToPaymentMethod"> 

        <rdfs:label xml:lang="en">applies to payment method</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PaymentChargeSpecification"/> 

        <rdfs:range rdf:resource="&ms;PaymentMethod"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#appliesWorkplan --> 

    <owl:ObjectProperty rdf:about="&ms;appliesWorkplan"> 

        <rdfs:label xml:lang="en">applies workplan</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:range rdf:resource="&ms;Workplan"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#expectedDeliveryMethod --> 

    <owl:ObjectProperty rdf:about="&ms;expectedDeliveryMethod"> 

        <rdfs:label xml:lang="en">expected delivery method</rdfs:label> 

        <rdfs:range rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#fromMaterial --> 

    <owl:ObjectProperty rdf:about="&ms;fromMaterial"> 

        <rdfs:label xml:lang="en">from material</rdfs:label> 

        <rdfs:range rdf:resource="&ms;Material"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#fromStandardPart --> 

    <owl:ObjectProperty rdf:about="&ms;fromStandardPart"> 

        <rdfs:label>from standard part</rdfs:label> 

        <rdfs:range rdf:resource="&ms;StandardPart"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 
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    <!-- http://www.manunetwork.com/manuservice/v1#hasAccessTo --> 

    <owl:ObjectProperty rdf:about="&ms;hasAccessTo"> 

        <rdfs:label>has access to</rdfs:label> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasAddress --> 

    <owl:ObjectProperty rdf:about="&ms;hasAddress"> 

        <rdfs:label xml:lang="en">has address</rdfs:label> 

        <rdfs:range rdf:resource="&ms;Address"/> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasBillingAddress --> 

    <owl:ObjectProperty rdf:about="&ms;hasBillingAddress"> 

        <rdfs:label xml:lang="en">has billing address</rdfs:label> 

        <rdfs:range rdf:resource="&ms;Address"/> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasBottomStyle --> 

    <owl:ObjectProperty rdf:about="&ms;hasBottomStyle"> 

        <rdfs:label xml:lang="en">has bottom style</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:range rdf:resource="&ms;HoleBottomStyle"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasCornerStyle --> 

    <owl:ObjectProperty rdf:about="&ms;hasCornerStyle"> 

        <rdfs:label xml:lang="en">has corner style</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:range rdf:resource="&ms;CornerStyle"/> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasCost --> 
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    <owl:ObjectProperty rdf:about="&ms;hasCost"> 

        <rdfs:label xml:lang="en">has cost</rdfs:label> 

        <rdfs:range rdf:resource="&ms;CostSpecification"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasCostExpectation --> 

    <owl:ObjectProperty rdf:about="&ms;hasCostExpectation"> 

        <rdfs:label xml:lang="en">has cost expectation</rdfs:label> 

        <rdfs:range rdf:resource="&ms;CostSpecification"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasDrawing --> 

    <owl:ObjectProperty rdf:about="&ms;hasDrawing"> 

        <rdfs:label xml:lang="en">has drawing</rdfs:label> 

        <rdfs:range rdf:resource="&ms;Drawing"/> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasFunction --> 

    <owl:ObjectProperty rdf:about="&ms;hasFunction"> 

        <rdfs:label xml:lang="en">has function</rdfs:label> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasGeoLocation --> 

    <owl:ObjectProperty rdf:about="&ms;hasGeoLocation"> 

        <rdfs:label xml:lang="en">has geo location</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&ms;GeoCoordinates"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasOwner --> 

    <owl:ObjectProperty rdf:about="&ms;hasOwner"> 

        <rdfs:label xml:lang="en">has owner</rdfs:label> 

        <rdfs:range rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:domain rdf:resource="&ms;MazakQTN100IIMS"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasPosition --> 

    <owl:ObjectProperty rdf:about="&ms;hasPosition"> 
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        <rdfs:label xml:lang="en">has position</rdfs:label> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasPostalAddress --> 

    <owl:ObjectProperty rdf:about="&ms;hasPostalAddress"> 

        <rdfs:label xml:lang="en">has postal address</rdfs:label> 

        <rdfs:range rdf:resource="&ms;Address"/> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasProduct --> 

    <owl:ObjectProperty rdf:about="&ms;hasProduct"> 

        <rdfs:label xml:lang="en">has product</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasProductionModel --> 

    <owl:ObjectProperty rdf:about="&ms;hasProductionModel"> 

        <rdfs:label xml:lang="en">has production model</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&ms;ProductionModel"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasServiceLog --> 

    <owl:ObjectProperty rdf:about="&ms;hasServiceLog"> 

        <rdfs:label xml:lang="en">has service log</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

        <rdfs:range rdf:resource="&ms;ServiceLog"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasServiceProvider --> 

    <owl:ObjectProperty rdf:about="&ms;hasServiceProvider"> 

        <rdfs:label xml:lang="en">has service provider</rdfs:label> 

        <rdfs:range rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:domain rdf:resource="&ms;Workingstep"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasSpindle --> 

    <owl:ObjectProperty rdf:about="&ms;hasSpindle"> 

        <rdfs:label xml:lang="en">has spindle</rdfs:label> 
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        <rdfs:domain rdf:resource="&ms;MazakQTN100IIMS"/> 

        <rdfs:range rdf:resource="&ms;Spindle"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasSubWorkpiece --> 

    <owl:ObjectProperty rdf:about="&ms;hasSubWorkpiece"> 

        <rdfs:label xml:lang="en">has sub workpiece</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:range rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasSupplier --> 

    <owl:ObjectProperty rdf:about="&ms;hasSupplier"> 

        <rdfs:label>has supplier</rdfs:label> 

        <rdfs:range rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:domain rdf:resource="&ms;StandardPart"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasTurret --> 

    <owl:ObjectProperty rdf:about="&ms;hasTurret"> 

        <rdfs:label xml:lang="en">has turret</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;MazakQTN100IIMS"/> 

        <rdfs:range rdf:resource="&ms;Spindle"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasWorkpiece --> 

    <owl:ObjectProperty rdf:about="&ms;hasWorkpiece"> 

        <rdfs:label xml:lang="en">has workpiece</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:range rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#includesFeature --> 

    <owl:ObjectProperty rdf:about="&ms;includesFeature"> 

        <rdfs:label xml:lang="en">includes feature</rdfs:label> 

        <rdfs:range rdf:resource="&ms;MachiningFeature"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#includesWorkingstep --> 

    <owl:ObjectProperty rdf:about="&ms;includesWorkingstep"> 

        <rdfs:label xml:lang="en">includes workingstep</rdfs:label> 

        <rdfs:range rdf:resource="&ms;Workingstep"/> 
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        <rdfs:domain rdf:resource="&ms;Workplan"/> 

    </owl:ObjectProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#selectedDeliveryMethod --> 

    <owl:ObjectProperty rdf:about="&ms;selectedDeliveryMethod"> 

        <rdfs:label xml:lang="en">selected delivery method</rdfs:label> 

        <rdfs:range rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

    </owl:ObjectProperty> 

     

    <!--  

    /////////////////////////////////////////////////////////////////////////////////////// 

    // 

    // Data properties 

    // 

    /////////////////////////////////////////////////////////////////////////////////////// 

     --> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#addressCountry --> 

    <owl:DatatypeProperty rdf:about="&ms;addressCountry"> 

        <rdfs:label xml:lang="en">address country</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#addressLocality --> 

    <owl:DatatypeProperty rdf:about="&ms;addressLocality"> 

        <rdfs:label xml:lang="en">address locality</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#addressRegion --> 

    <owl:DatatypeProperty rdf:about="&ms;addressRegion"> 

        <rdfs:label xml:lang="en">address region</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfChamfer"> 

        <rdfs:label xml:lang="en">angle of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 
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        <rdfs:domain rdf:resource="&ms;StraightChamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfCountersunkFace --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfCountersunkFace"> 

        <rdfs:label xml:lang="en">angle of countersunk face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfFallingFlank --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfFallingFlank"> 

        <rdfs:label xml:lang="en">angle of falling flank</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfRisingFlank --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfRisingFlank"> 

        <rdfs:label xml:lang="en">angle of rising flank</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfSymetricVGroove --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfSymetricVGroove"> 

        <rdfs:label>angle of symetric V groove</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfTip --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfTip"> 

        <rdfs:label xml:lang="en">angle of tip</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ConicalBottom"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 
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    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#angleOfWallValue --> 

    <owl:DatatypeProperty rdf:about="&ms;angleOfWallValue"> 

        <rdfs:label xml:lang="en">angle of wall value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#bottomRadius --> 

    <owl:DatatypeProperty rdf:about="&ms;bottomRadius"> 

        <rdfs:label xml:lang="en">bottom radius</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#category --> 

    <owl:DatatypeProperty rdf:about="&ms;category"> 

        <rdfs:label xml:lang="en">category</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#chunkSize --> 

    <owl:DatatypeProperty rdf:about="&ms;chunkSize"> 

        <rdfs:label xml:lang="en">chunk size</rdfs:label> 

        <rdfs:range rdf:resource="&xsd;decimal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#cornerBreak --> 

    <owl:DatatypeProperty rdf:about="&ms;cornerBreak"> 

        <rdfs:label xml:lang="en">corner break</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CornerBreak"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 



Appendix B - ManuService Specification 

208 

 

     

    <!-- http://www.manunetwork.com/manuservice/v1#creditGrade --> 

    <owl:DatatypeProperty rdf:about="&ms;creditGrade"> 

        <rdfs:label xml:lang="en">credit grade</rdfs:label> 

        <rdfs:range rdf:resource="&xsd;double"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#dateLastModified --> 

    <owl:DatatypeProperty rdf:about="&ms;dateLastModified"> 

        <rdfs:label xml:lang="en">date last modified</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

        <rdfs:range rdf:resource="&xsd;dateTime"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#dateOriginated --> 

    <owl:DatatypeProperty rdf:about="&ms;dateOriginated"> 

        <rdfs:label xml:lang="en">date originated</rdfs:label> 

        <rdfs:comment xml:lang="en">This property specifies the end of the availability 

of the gr:ProductOrService included in the gr:Offering. 

The difference to the properties gr:validFrom and gr:validThrough is that those specify 

the period of time during which the offer is valid and can be accepted. 

Example: I offer to lease my boat for the period of August 1 - August 31, 2010, but you 

must accept by offer no later than July 15. 

A time-zone should be specified. For a time in GMT/UTC, simply add a &quot;Z&quot; 

following the time: 

2008-05-30T09:30:10Z. 

Alternatively, you can specify an offset from the UTC time by adding a positive or 

negative time following the time: 

2008-05-30T09:30:10-09:00 

or 

2008-05-30T09:30:10+09:00. 

Note: There is another property gr:availableAtOrFrom, which is used to indicate the 

gr:Location (e.g. store or shop) from which the goods would be 

available.</rdfs:comment> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

        <rdfs:range rdf:resource="&xsd;dateTime"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#depthOfFace --> 

    <owl:DatatypeProperty rdf:about="&ms;depthOfFace"> 

        <rdfs:label xml:lang="en">depth of face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ConvexContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;GeneralContourSurface"/> 
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        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#depthOfGroove --> 

    <owl:DatatypeProperty rdf:about="&ms;depthOfGroove"> 

        <rdfs:label>depth of groove</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#depthOfPocket --> 

    <owl:DatatypeProperty rdf:about="&ms;depthOfPocket"> 

        <rdfs:label xml:lang="en">depth of pocket</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#depthOfShoulder --> 

    <owl:DatatypeProperty rdf:about="&ms;depthOfShoulder"> 

        <rdfs:label xml:lang="en">depth of shoulder</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#depthOfSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;depthOfSlot"> 

        <rdfs:label xml:lang="en">depth of slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#description --> 

    <owl:DatatypeProperty rdf:about="&ms;description"> 

        <rdfs:label xml:lang="en">description</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 
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        <rdfs:domain rdf:resource="&ms;Workingstep"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfCountersunkHole -

-> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfCountersunkHole"> 

        <rdfs:label xml:lang="en">diameter of countersunk hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfCylinder --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfCylinder"> 

        <rdfs:label xml:lang="en">diameter of cylinder</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfFlatbottomedHole 

--> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfFlatbottomedHole"> 

        <rdfs:label xml:lang="en">diameter of flatbottomed hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfHole --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfHole"> 

        <rdfs:label xml:lang="en">diameter of hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 
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        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfInnerCylinder --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfInnerCylinder"> 

        <rdfs:label xml:lang="en">diameter of inner cylinder</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfInnerHole --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfInnerHole"> 

        <rdfs:label xml:lang="en">diameter of inner hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCutOffTube"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfPlanarFace --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfPlanarFace"> 

        <rdfs:label xml:lang="en">diameter of planar face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfPlanarSplitFace --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfPlanarSplitFace"> 

        <rdfs:label xml:lang="en">diameter of planar split face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCutOffSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODCutOffTube"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#diameterOfPredrilledHole --> 

    <owl:DatatypeProperty rdf:about="&ms;diameterOfPredrilledHole"> 

        <rdfs:label xml:lang="en">diameter of predrilled hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 
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        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#distanceBetweenGrooveAndFrontFa

ceOfWorkpiece --> 

    <owl:DatatypeProperty 

rdf:about="&ms;distanceBetweenGrooveAndFrontFaceOfWorkpiece"> 

        <rdfs:label xml:lang="en">distance between groove and front face of 

workpiece</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#drawingNumber --> 

    <owl:DatatypeProperty rdf:about="&ms;drawingNumber"> 

        <rdfs:label>drawing number</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#elevation --> 

    <owl:DatatypeProperty rdf:about="&ms;elevation"> 

        <rdfs:domain rdf:resource="&ms;GeoCoordinates"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#eligibleRegions --> 

    <owl:DatatypeProperty rdf:about="&ms;eligibleRegions"> 

        <rdfs:label xml:lang="en">eligible regions</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;DeliveryChargeSpecification"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#entityType --> 

    <owl:DatatypeProperty rdf:about="&ms;entityType"> 

        <rdfs:label xml:lang="en">entity type</rdfs:label> 
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        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#eventDate --> 

    <owl:DatatypeProperty rdf:about="&ms;eventDate"> 

        <rdfs:label>event date</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ServiceLog"/> 

        <rdfs:range rdf:resource="&xsd;dateTime"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#eventDescription --> 

    <owl:DatatypeProperty rdf:about="&ms;eventDescription"> 

        <rdfs:label>event description</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ServiceLog"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#eventType --> 

    <owl:DatatypeProperty rdf:about="&ms;eventType"> 

        <rdfs:label>event type</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ServiceLog"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#faxNumber --> 

    <owl:DatatypeProperty rdf:about="&ms;faxNumber"> 

        <rdfs:label xml:lang="en">fax number</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#fileFormat --> 

    <owl:DatatypeProperty rdf:about="&ms;fileFormat"> 

        <rdfs:label xml:lang="en">file format</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Drawing"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#fileSize --> 

    <owl:DatatypeProperty rdf:about="&ms;fileSize"> 

        <rdfs:label xml:lang="en">file size</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Drawing"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 
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    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#floorRadiusValue --> 

    <owl:DatatypeProperty rdf:about="&ms;floorRadiusValue"> 

        <rdfs:label xml:lang="en">floor radius value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CornerRadius"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasCurrency --> 

    <owl:DatatypeProperty rdf:about="&ms;hasCurrency"> 

        <rdfs:label xml:lang="en">has currency</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasCurrencyValue --> 

    <owl:DatatypeProperty rdf:about="&ms;hasCurrencyValue"> 

        <rdfs:label xml:lang="en">has currency value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasDUNS --> 

    <owl:DatatypeProperty rdf:about="&ms;hasDUNS"> 

        <rdfs:label xml:lang="en">has DUNS</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasGlobalLocationNumber --> 

    <owl:DatatypeProperty rdf:about="&ms;hasGlobalLocationNumber"> 

        <rdfs:label xml:lang="en">has Global Location Number</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasHardnessHB --> 

    <owl:DatatypeProperty rdf:about="&ms;hasHardnessHB"> 

        <rdfs:label xml:lang="en">has hardness HB</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 
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        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasHardnessHRC --> 

    <owl:DatatypeProperty rdf:about="&ms;hasHardnessHRC"> 

        <rdfs:label xml:lang="en">has hardness HRC</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasISICv4 --> 

    <owl:DatatypeProperty rdf:about="&ms;hasISICv4"> 

        <rdfs:label xml:lang="en">has ISIC v4</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&xsd;int"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMaXCurrencyValue --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMaXCurrencyValue"> 

        <rdfs:label xml:lang="en">has max currency value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMaxHardnessHB --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMaxHardnessHB"> 

        <rdfs:label xml:lang="en">has max hardness HB</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMaxHardnessHRC --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMaxHardnessHRC"> 

        <rdfs:label xml:lang="en">has max hardness HRC</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMaxValue --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMaxValue"> 

        <rdfs:label xml:lang="en">has max value</rdfs:label> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 
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    <!-- http://www.manunetwork.com/manuservice/v1#hasMinCurrencyValue --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMinCurrencyValue"> 

        <rdfs:label xml:lang="en">has min currency value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMinHardnessHB --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMinHardnessHB"> 

        <rdfs:label xml:lang="en">has min hardness HB</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMinHardnessHRC --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMinHardnessHRC"> 

        <rdfs:label xml:lang="en">has min hardness HRC</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;float"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasMinValue --> 

    <owl:DatatypeProperty rdf:about="&ms;hasMinValue"> 

        <rdfs:label xml:lang="en">has min value</rdfs:label> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasNAICS --> 

    <owl:DatatypeProperty rdf:about="&ms;hasNAICS"> 

        <rdfs:label xml:lang="en">has NAICS</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&xsd;int"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#hasUnitOfMeasurement --> 

    <owl:DatatypeProperty rdf:about="&ms;hasUnitOfMeasurement"> 

        <rdfs:label xml:lang="en">has unit of measurement</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#id --> 
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    <owl:DatatypeProperty rdf:about="&ms;id"> 

        <rdfs:label>id</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:domain rdf:resource="&ms;Resource"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#innerDiameterOfProfile --> 

    <owl:DatatypeProperty rdf:about="&ms;innerDiameterOfProfile"> 

        <rdfs:label xml:lang="en">inner diameter of profile</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#jobNumber --> 

    <owl:DatatypeProperty rdf:about="&ms;jobNumber"> 

        <rdfs:label>job number</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#latitude --> 

    <owl:DatatypeProperty rdf:about="&ms;latitude"> 

        <rdfs:domain rdf:resource="&ms;GeoCoordinates"/> 

        <rdfs:range rdf:resource="&xsd;double"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#legalName --> 

    <owl:DatatypeProperty rdf:about="&ms;legalName"> 

        <rdfs:label xml:lang="en">legal name</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfChamfer"> 

        <rdfs:label xml:lang="en">length of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 

        <rdfs:domain rdf:resource="&ms;StraightChamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfContouredSurface --> 
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    <owl:DatatypeProperty rdf:about="&ms;lengthOfContouredSurface"> 

        <rdfs:label xml:lang="en">length of contoured surface</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ConvexContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;GeneralContourSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfCylinder --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfCylinder"> 

        <rdfs:label xml:lang="en">length of cylinder</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfFlatbottomedHole --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfFlatbottomedHole"> 

        <rdfs:label xml:lang="en">length of flatbottomed hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfHole --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfHole"> 

        <rdfs:label xml:lang="en">length of hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfPlanarSurface --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfPlanarSurface"> 
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        <rdfs:label xml:lang="en">length of planar surface</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfProfile --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfProfile"> 

        <rdfs:label xml:lang="en">length of profile</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#lengthOfShoulder --> 

    <owl:DatatypeProperty rdf:about="&ms;lengthOfShoulder"> 

        <rdfs:label xml:lang="en">length of shoulder</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#longitude --> 

    <owl:DatatypeProperty rdf:about="&ms;longitude"> 

        <rdfs:domain rdf:resource="&ms;GeoCoordinates"/> 

        <rdfs:range rdf:resource="&xsd;double"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#materialGroup --> 

    <owl:DatatypeProperty rdf:about="&ms;materialGroup"> 

        <rdfs:label xml:lang="en">material group</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#materialSubGroup --> 

    <owl:DatatypeProperty rdf:about="&ms;materialSubGroup"> 

        <rdfs:label xml:lang="en">material sub group</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxAllowedLengthOfHole --> 

    <owl:DatatypeProperty rdf:about="&ms;maxAllowedLengthOfHole"> 
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        <rdfs:label xml:lang="en">max allowed length of hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxAngleOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;maxAngleOfChamfer"> 

        <rdfs:label xml:lang="en">max angle of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 

        <rdfs:domain rdf:resource="&ms;StraightChamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxAngleOfCountersunkFace 

--> 

    <owl:DatatypeProperty rdf:about="&ms;maxAngleOfCountersunkFace"> 

        <rdfs:label xml:lang="en">max angle of countersunk face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxAngleOfEntryAtHoleStart 

--> 

    <owl:DatatypeProperty rdf:about="&ms;maxAngleOfEntryAtHoleStart"> 

        <rdfs:label xml:lang="en">max angle of entry at hole start</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxAngleOfExitAtHoleEnd --> 

    <owl:DatatypeProperty rdf:about="&ms;maxAngleOfExitAtHoleEnd"> 

        <rdfs:label xml:lang="en">max angle of exit at hole end</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 
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    <!-- http://www.manunetwork.com/manuservice/v1#maxAngleOfTip --> 

    <owl:DatatypeProperty rdf:about="&ms;maxAngleOfTip"> 

        <rdfs:label xml:lang="en">max angle of tip</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ConicalBottom"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxAngleOfWallValue --> 

    <owl:DatatypeProperty rdf:about="&ms;maxAngleOfWallValue"> 

        <rdfs:label xml:lang="en">max angle of wall value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxBarWorkCapacity --> 

    <owl:DatatypeProperty rdf:about="&ms;maxBarWorkCapacity"> 

        <rdfs:label xml:lang="en">max bar work capacity</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxDepth --> 

    <owl:DatatypeProperty rdf:about="&ms;maxDepth"> 

        <rdfs:label xml:lang="en">max depth</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxDepthOfCut --> 

    <owl:DatatypeProperty rdf:about="&ms;maxDepthOfCut"> 

        <rdfs:label xml:lang="en">max depth of cut</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 
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        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxDepthOfSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;maxDepthOfSlot"> 

        <rdfs:label xml:lang="en">max depth of slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxDiameterOfAxialGroove -

-> 

    <owl:DatatypeProperty rdf:about="&ms;maxDiameterOfAxialGroove"> 

        <rdfs:label>max diameter of axial groove</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#maxDiameterOfCountersunkHole --> 

    <owl:DatatypeProperty rdf:about="&ms;maxDiameterOfCountersunkHole"> 

        <rdfs:label xml:lang="en">max diameter of countersunk hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#maxDiameterOfFlatbottomedHole -

-> 

    <owl:DatatypeProperty rdf:about="&ms;maxDiameterOfFlatbottomedHole"> 

        <rdfs:label xml:lang="en">max diameter of flatbottomed hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 
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    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxDiameterOfHole --> 

    <owl:DatatypeProperty rdf:about="&ms;maxDiameterOfHole"> 

        <rdfs:label xml:lang="en">max diameter of hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxFloorRadiusValue --> 

    <owl:DatatypeProperty rdf:about="&ms;maxFloorRadiusValue"> 

        <rdfs:label xml:lang="en">max floor radius value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CornerRadius"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxMachiningDiameter --> 

    <owl:DatatypeProperty rdf:about="&ms;maxMachiningDiameter"> 

        <rdfs:label xml:lang="en">max machining diameter</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxMachiningLength --> 

    <owl:DatatypeProperty rdf:about="&ms;maxMachiningLength"> 

        <rdfs:label xml:lang="en">max machining length</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#maxRadiusOfConcaveGroundShape -

-> 

    <owl:DatatypeProperty rdf:about="&ms;maxRadiusOfConcaveGroundShape"> 
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        <rdfs:label xml:lang="en">max radius of concave ground shape</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxSpeed --> 

    <owl:DatatypeProperty rdf:about="&ms;maxSpeed"> 

        <rdfs:label xml:lang="en">max speed</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxSwing --> 

    <owl:DatatypeProperty rdf:about="&ms;maxSwing"> 

        <rdfs:label xml:lang="en">max swing</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWidthOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfChamfer"> 

        <rdfs:label xml:lang="en">max width of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;45Chamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWidthOfCut --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfCut"> 

        <rdfs:label>max width of cut</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#maxWidthOfRemovedMaterialZone 

--> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfRemovedMaterialZone"> 

        <rdfs:label xml:lang="en">max width of removed material zone</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCutOffSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODCutOffTube"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWidthOfShoulder --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfShoulder"> 

        <rdfs:label xml:lang="en">max width of shoulder</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 
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        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWidthOfSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfSlot"> 

        <rdfs:label xml:lang="en">max width of slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWidthOfTSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfTSlot"> 

        <rdfs:label xml:lang="en">max width of T slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWidthOfTSlotNeck --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWidthOfTSlotNeck"> 

        <rdfs:label xml:lang="en">max width of T slot neck</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#maxWorkpieceWeight --> 

    <owl:DatatypeProperty rdf:about="&ms;maxWorkpieceWeight"> 

        <rdfs:label xml:lang="en">max workpiece weight</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minAngleOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;minAngleOfChamfer"> 

        <rdfs:label xml:lang="en">min angle of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 

        <rdfs:domain rdf:resource="&ms;StraightChamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minAngleOfCountersunkFace 

--> 
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    <owl:DatatypeProperty rdf:about="&ms;minAngleOfCountersunkFace"> 

        <rdfs:label xml:lang="en">min angle of countersunk face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minAngleOfTip --> 

    <owl:DatatypeProperty rdf:about="&ms;minAngleOfTip"> 

        <rdfs:label xml:lang="en">min angle of tip</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ConicalBottom"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minAngleOfWallVaule --> 

    <owl:DatatypeProperty rdf:about="&ms;minAngleOfWallVaule"> 

        <rdfs:label xml:lang="en">min angle of wall value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minDepthOfSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;minDepthOfSlot"> 

        <rdfs:label xml:lang="en">min depth of slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minDiameterOfAxialGroove -

-> 

    <owl:DatatypeProperty rdf:about="&ms;minDiameterOfAxialGroove"> 

        <rdfs:label>min diameter of axial groove</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 
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    <!-- 

http://www.manunetwork.com/manuservice/v1#minDiameterOfCountersunkHole --> 

    <owl:DatatypeProperty rdf:about="&ms;minDiameterOfCountersunkHole"> 

        <rdfs:label xml:lang="en">min diameter of countersunk hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#minDiameterOfFlatbottomedHole -

-> 

    <owl:DatatypeProperty rdf:about="&ms;minDiameterOfFlatbottomedHole"> 

        <rdfs:label xml:lang="en">min diameter of flatbottomed hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minDiameterOfHole --> 

    <owl:DatatypeProperty rdf:about="&ms;minDiameterOfHole"> 

        <rdfs:label xml:lang="en">min diameter of hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minFloorRadiusOfFaceGroove 

--> 

    <owl:DatatypeProperty rdf:about="&ms;minFloorRadiusOfFaceGroove"> 

        <rdfs:label>min floor radius of face groove</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 
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    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minFloorRadiusValue --> 

    <owl:DatatypeProperty rdf:about="&ms;minFloorRadiusValue"> 

        <rdfs:label xml:lang="en">min floor radius value</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CornerRadius"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#minLengthOfCylindricalSurface --> 

    <owl:DatatypeProperty rdf:about="&ms;minLengthOfCylindricalSurface"> 

        <rdfs:label xml:lang="en">min length of cylindrical surface</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minLengthOfSurfaceQuality -

-> 

    <owl:DatatypeProperty rdf:about="&ms;minLengthOfSurfaceQuality"> 

        <rdfs:label xml:lang="en">min length of surface quality</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minRadiusInConcaveCorner -

-> 

    <owl:DatatypeProperty rdf:about="&ms;minRadiusInConcaveCorner"> 

        <rdfs:label xml:lang="en">min radius in concave corner</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 
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    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#minRadiusOfConcaveGroundShape -

-> 

    <owl:DatatypeProperty rdf:about="&ms;minRadiusOfConcaveGroundShape"> 

        <rdfs:label xml:lang="en">min radius of concave ground shape</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minWidthOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;minWidthOfChamfer"> 

        <rdfs:label xml:lang="en">min width of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;45Chamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minWidthOfSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;minWidthOfSlot"> 

        <rdfs:label xml:lang="en">min width of slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minWidthOfTSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;minWidthOfTSlot"> 

        <rdfs:label xml:lang="en">min width of T slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#minWidthOfTSlotNeck --> 

    <owl:DatatypeProperty rdf:about="&ms;minWidthOfTSlotNeck"> 

        <rdfs:label xml:lang="en">min width of T slot neck</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#motorOutput --> 
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    <owl:DatatypeProperty rdf:about="&ms;motorOutput"> 

        <rdfs:label xml:lang="en">motor output</rdfs:label> 

        <rdfs:range rdf:resource="&xsd;decimal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#name --> 

    <owl:DatatypeProperty rdf:about="&ms;name"> 

        <rdfs:label xml:lang="en">name</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ConvexContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;MachiningFeature"/> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:domain rdf:resource="&ms;ODCutOffSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODCutOffTube"/> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 

        <rdfs:domain rdf:resource="&ms;PlanarSurface"/> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Project"/> 
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        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;StraightChamfer"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;Workingstep"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:domain rdf:resource="&ms;Workplan"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#nominalDiameter --> 

    <owl:DatatypeProperty rdf:about="&ms;nominalDiameter"> 

        <rdfs:label xml:lang="en">nominal diameter</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#numOfTools --> 

    <owl:DatatypeProperty rdf:about="&ms;numOfTools"> 

        <rdfs:label xml:lang="en">num of tools</rdfs:label> 

        <rdfs:range rdf:resource="&xsd;int"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#overallLengthOfHole --> 

    <owl:DatatypeProperty rdf:about="&ms;overallLengthOfHole"> 

        <rdfs:label xml:lang="en">overall length of hole</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#partCode --> 

    <owl:DatatypeProperty rdf:about="&ms;partCode"> 

        <rdfs:label xml:lang="en">part code</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;StandardPart"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 
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    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#partNumber --> 

    <owl:DatatypeProperty rdf:about="&ms;partNumber"> 

        <rdfs:label>part number</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#pitch --> 

    <owl:DatatypeProperty rdf:about="&ms;pitch"> 

        <rdfs:label xml:lang="en">pitch</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#postalCode --> 

    <owl:DatatypeProperty rdf:about="&ms;postalCode"> 

        <rdfs:label xml:lang="en">postal code</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#postalOfficeBoxNumber --> 

    <owl:DatatypeProperty rdf:about="&ms;postalOfficeBoxNumber"> 

        <rdfs:label xml:lang="en">postal office box number</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#qualityOfFace --> 

    <owl:DatatypeProperty rdf:about="&ms;qualityOfFace"> 

        <rdfs:label xml:lang="en">quality of face</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CounterboreBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CounterboreThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;CountersunkThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithFlatBottom"/> 

        <rdfs:domain 

rdf:resource="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"/> 

        <rdfs:domain rdf:resource="&ms;IDBlindHoleWithUndefinedShape"/> 
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        <rdfs:domain rdf:resource="&ms;IDSimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;IDSimpleThroughHole"/> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <rdfs:domain rdf:resource="&ms;SimpleBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;SimpleThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#qualityOfWallSurface --> 

    <owl:DatatypeProperty rdf:about="&ms;qualityOfWallSurface"> 

        <rdfs:label xml:lang="en">quality of wall surface</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ContouredShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ConvexContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:domain rdf:resource="&ms;PlanarSurface"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;StraightShoulder"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#quantity --> 

    <owl:DatatypeProperty rdf:about="&ms;quantity"> 

        <rdfs:domain rdf:resource="&ms;Product"/> 

        <rdfs:domain rdf:resource="&ms;Workpiece"/> 

        <rdfs:range rdf:resource="&xsd;int"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#radiusOfConcaveGroundShape --> 

    <owl:DatatypeProperty rdf:about="&ms;radiusOfConcaveGroundShape"> 
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        <rdfs:label xml:lang="en">radius of concave ground shape</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#radiusOfCorner --> 

    <owl:DatatypeProperty rdf:about="&ms;radiusOfCorner"> 

        <rdfs:label xml:lang="en">radius of corner</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#radiusOfSmallestConcaveProfileBlen

d --> 

    <owl:DatatypeProperty rdf:about="&ms;radiusOfSmallestConcaveProfileBlend"> 

        <rdfs:label xml:lang="en">raidus of smallest concave profile blend</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#smallestWidthOfGap --> 

    <owl:DatatypeProperty rdf:about="&ms;smallestWidthOfGap"> 

        <rdfs:label xml:lang="en">smallest width of gap</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#standardName --> 

    <owl:DatatypeProperty rdf:about="&ms;standardName"> 

        <rdfs:label xml:lang="en">standard name</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Material"/> 

        <rdfs:domain rdf:resource="&ms;StandardPart"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#status --> 

    <owl:DatatypeProperty rdf:about="&ms;status"> 

        <rdfs:domain rdf:resource="&ms;Project"/> 
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        <rdfs:domain rdf:resource="&ms;Workingstep"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#stockInAxialDirection --> 

    <owl:DatatypeProperty rdf:about="&ms;stockInAxialDirection"> 

        <rdfs:label xml:lang="en">stock in axial direction</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromSolid"/> 

        <rdfs:domain rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#stockInRadialDirection --> 

    <owl:DatatypeProperty rdf:about="&ms;stockInRadialDirection"> 

        <rdfs:label xml:lang="en">stock in radial direction</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ODCylindricalSurfaceWithShoulder"/> 

        <rdfs:domain rdf:resource="&ms;ODGeneralProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODIncreasingProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylinder"/> 

        <rdfs:domain rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#stockOnSurface --> 

    <owl:DatatypeProperty rdf:about="&ms;stockOnSurface"> 

        <rdfs:label xml:lang="en">stock on surface</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ConvexContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;GeneralContourSurface"/> 

        <rdfs:domain rdf:resource="&ms;PlanarSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#streetAddress --> 

    <owl:DatatypeProperty rdf:about="&ms;streetAddress"> 

        <rdfs:label xml:lang="en">street address</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Address"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#telephone --> 

    <owl:DatatypeProperty rdf:about="&ms;telephone"> 

        <rdfs:domain rdf:resource="&ms;BusinessEntity"/> 
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        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#threadOrientation --> 

    <owl:DatatypeProperty rdf:about="&ms;threadOrientation"> 

        <rdfs:label xml:lang="en">thread orientation</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#threadPercent --> 

    <owl:DatatypeProperty rdf:about="&ms;threadPercent"> 

        <rdfs:label xml:lang="en">thread percent</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#threadSize --> 

    <owl:DatatypeProperty rdf:about="&ms;threadSize"> 

        <rdfs:label xml:lang="en">thread size</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#timeOfDelivery --> 

    <owl:DatatypeProperty rdf:about="&ms;timeOfDelivery"> 

        <rdfs:label xml:lang="en">time of delivery</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:range rdf:resource="&xsd;dateTime"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#travelXAxis --> 

    <owl:DatatypeProperty rdf:about="&ms;travelXAxis"> 

        <rdfs:label xml:lang="en">travel X axis</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#travelZAxis --> 

    <owl:DatatypeProperty rdf:about="&ms;travelZAxis"> 

        <rdfs:label xml:lang="en">travel Z axis</rdfs:label> 

    </owl:DatatypeProperty> 
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    <!-- http://www.manunetwork.com/manuservice/v1#typeOfThread --> 

    <owl:DatatypeProperty rdf:about="&ms;typeOfThread"> 

        <rdfs:label xml:lang="en">type of thread</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#url --> 

    <owl:DatatypeProperty rdf:about="&ms;url"> 

        <rdfs:label xml:lang="en">url</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Drawing"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#usableLength --> 

    <owl:DatatypeProperty rdf:about="&ms;usableLength"> 

        <rdfs:label xml:lang="en">usable length</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ThreadedBlindHole"/> 

        <rdfs:domain rdf:resource="&ms;ThreadedThroughHole"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#userTriggedIt --> 

    <owl:DatatypeProperty rdf:about="&ms;userTriggedIt"> 

        <rdfs:label>user trigged it</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;ServiceLog"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#validFrom --> 

    <owl:DatatypeProperty rdf:about="&ms;validFrom"> 

        <rdfs:label xml:lang="en">valid from</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;dateTime"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#validThrough --> 

    <owl:DatatypeProperty rdf:about="&ms;validThrough"> 

        <rdfs:label xml:lang="en">valid through</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;dateTime"/> 
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    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#valueAddedTaxIncluded --> 

    <owl:DatatypeProperty rdf:about="&ms;valueAddedTaxIncluded"> 

        <rdfs:label xml:lang="en">value added tax included</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CostSpecification"/> 

        <rdfs:range rdf:resource="&xsd;boolean"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#version --> 

    <owl:DatatypeProperty rdf:about="&ms;version"> 

        <rdfs:label xml:lang="en">version</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;Project"/> 

        <rdfs:range rdf:resource="&xsd;string"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#volumeOfMaterial --> 

    <owl:DatatypeProperty rdf:about="&ms;volumeOfMaterial"> 

        <rdfs:label xml:lang="en">volume of material</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;IDTaperProfile"/> 

        <rdfs:domain rdf:resource="&ms;ODGroove"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#volumeOfPocket --> 

    <owl:DatatypeProperty rdf:about="&ms;volumeOfPocket"> 

        <rdfs:label xml:lang="en">volume of pocket</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CylindricalPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralClosedPocket"/> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#widthOfChamfer --> 

    <owl:DatatypeProperty rdf:about="&ms;widthOfChamfer"> 

        <rdfs:label xml:lang="en">width of chamfer</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarContourChamfer"/> 

        <rdfs:domain rdf:resource="&ms;StraightChamfer"/> 

        <rdfs:domain rdf:resource="&ms;45Chamfer"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#widthOfOpenArea --> 
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    <owl:DatatypeProperty rdf:about="&ms;widthOfOpenArea"> 

        <rdfs:label xml:lang="en">width of open area</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;GeneralOpenPocket"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#widthOfPlanarSurface --> 

    <owl:DatatypeProperty rdf:about="&ms;widthOfPlanarSurface"> 

        <rdfs:label xml:lang="en">width of planar surface</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;PlanarSurface"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#widthOfSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;widthOfSlot"> 

        <rdfs:label xml:lang="en">width of slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;CurveSlot"/> 

        <rdfs:domain rdf:resource="&ms;SlotWithConcaveRunOn"/> 

        <rdfs:domain rdf:resource="&ms;StraightSlot"/> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#widthOfTSlot --> 

    <owl:DatatypeProperty rdf:about="&ms;widthOfTSlot"> 

        <rdfs:label xml:lang="en">width of T slot</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#widthOfTSlotNeck --> 

    <owl:DatatypeProperty rdf:about="&ms;widthOfTSlotNeck"> 

        <rdfs:label xml:lang="en">width of T slot neck</rdfs:label> 

        <rdfs:domain rdf:resource="&ms;TSlot"/> 

        <rdfs:range rdf:resource="&rdfs;Literal"/> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#workpieceDiameter --> 

    <owl:DatatypeProperty rdf:about="&ms;workpieceDiameter"> 

        <rdfs:label rdf:datatype="&xsd;string">workpiece diameter</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#workpieceLength --> 
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    <owl:DatatypeProperty rdf:about="&ms;workpieceLength"> 

        <rdfs:label rdf:datatype="&xsd;string">workpiece length</rdfs:label> 

    </owl:DatatypeProperty> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#yearsInOperation --> 

    <owl:DatatypeProperty rdf:about="&ms;yearsInOperation"> 

        <rdfs:label xml:lang="en">years in operation</rdfs:label> 

        <rdfs:range rdf:resource="&xsd;int"/> 

    </owl:DatatypeProperty> 

     

    <!--  

    /////////////////////////////////////////////////////////////////////////////////////// 

    // 

    // Classes 

    // 

    /////////////////////////////////////////////////////////////////////////////////////// 

     --> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Address --> 

    <owl:Class rdf:about="&ms;Address"/> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#BusinessEntity --> 

    <owl:Class rdf:about="&ms;BusinessEntity"> 

        <rdfs:label xml:lang="en">Business entity</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Capability --> 

    <owl:Class rdf:about="&ms;Capability"/> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ComputationalResource --> 

    <owl:Class rdf:about="&ms;ComputationalResource"> 

        <rdfs:label xml:lang="en">Computional resource</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;HardResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ConicalBottom --> 

    <owl:Class rdf:about="&ms;ConicalBottom"> 

        <rdfs:label xml:lang="en">Conical bottom</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;HoleBottomStyle"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ContouredShoulder --> 

    <owl:Class rdf:about="&ms;ContouredShoulder"> 
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        <rdfs:label>Contoured shoulder</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ConvexContourSurface --> 

    <owl:Class rdf:about="&ms;ConvexContourSurface"> 

        <rdfs:label xml:lang="en">Convex contour surface</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CornerBreak --> 

    <owl:Class rdf:about="&ms;CornerBreak"> 

        <rdfs:label xml:lang="en">Corner break</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;CornerStyle"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CornerRadius --> 

    <owl:Class rdf:about="&ms;CornerRadius"> 

        <rdfs:label xml:lang="en">Corner radius</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;CornerStyle"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CornerStyle --> 

    <owl:Class rdf:about="&ms;CornerStyle"> 

        <rdfs:label xml:lang="en">Corner style</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CostSpecification --> 

    <owl:Class rdf:about="&ms;CostSpecification"> 

        <rdfs:label xml:lang="en">Price specification</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CounterboreBlindHole --> 

    <owl:Class rdf:about="&ms;CounterboreBlindHole"> 

        <rdfs:label xml:lang="en">Counterbore blind hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CounterboreThroughHole --> 

    <owl:Class rdf:about="&ms;CounterboreThroughHole"> 

        <rdfs:label xml:lang="en">Counterbore through hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 
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    <!-- http://www.manunetwork.com/manuservice/v1#CountersunkBlindHole --> 

    <owl:Class rdf:about="&ms;CountersunkBlindHole"> 

        <rdfs:label xml:lang="en">Countersunk blind hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CountersunkThroughHole --> 

    <owl:Class rdf:about="&ms;CountersunkThroughHole"> 

        <rdfs:label xml:lang="en">Countersunk through hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CurveSlot --> 

    <owl:Class rdf:about="&ms;CurveSlot"> 

        <rdfs:label xml:lang="en">Curve slot</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CuttingTool --> 

    <owl:Class rdf:about="&ms;CuttingTool"> 

        <rdfs:label xml:lang="en">Cutting tool</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachiningResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CylindricalPocket --> 

    <owl:Class rdf:about="&ms;CylindricalPocket"> 

        <rdfs:label>Cylindrical pocket</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryChargeSpecification -

-> 

    <owl:Class rdf:about="&ms;DeliveryChargeSpecification"> 

        <rdfs:label xml:lang="en">Delivery charge specification</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;CostSpecification"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryMethod --> 

    <owl:Class rdf:about="&ms;DeliveryMethod"> 

        <rdfs:label xml:lang="en">Delivery method</rdfs:label> 

    </owl:Class> 
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    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryModeParcelService -

-> 

    <owl:Class rdf:about="&ms;DeliveryModeParcelService"> 

        <rdfs:label xml:lang="en">Delivery mode parcel service</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DeliveryMethod"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DesignCapability --> 

    <owl:Class rdf:about="&ms;DesignCapability"> 

        <rdfs:label xml:lang="en">Design capability</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;Capability"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Drawing --> 

    <owl:Class rdf:about="&ms;Drawing"> 

        <rdfs:label xml:lang="en">Drawing</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DrillingFeature --> 

    <owl:Class rdf:about="&ms;DrillingFeature"> 

        <rdfs:label xml:lang="en">Drilling feature</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachiningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ExperimentCapability --> 

    <owl:Class rdf:about="&ms;ExperimentCapability"> 

        <rdfs:label xml:lang="en">Experiment capability</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;Capability"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FiveAxis --> 

    <owl:Class rdf:about="&ms;FiveAxis"> 

        <rdfs:label xml:lang="en">Five axis</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FlatBottom --> 

    <owl:Class rdf:about="&ms;FlatBottom"> 

        <rdfs:label xml:lang="en">Flat bottom</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;HoleBottomStyle"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FourAxis --> 
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    <owl:Class rdf:about="&ms;FourAxis"> 

        <rdfs:label xml:lang="en">Four axis</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GeneralClosedPocket --> 

    <owl:Class rdf:about="&ms;GeneralClosedPocket"> 

        <rdfs:label xml:lang="en">General closed pocket</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GeneralContourSurface --> 

    <owl:Class rdf:about="&ms;GeneralContourSurface"> 

        <rdfs:label xml:lang="en">General contour surface</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GeneralOpenPocket --> 

    <owl:Class rdf:about="&ms;GeneralOpenPocket"> 

        <rdfs:label xml:lang="en">General open pocket</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GeoCoordinates --> 

    <owl:Class rdf:about="&ms;GeoCoordinates"> 

        <rdfs:label xml:lang="en">Geo coordinates</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#HardResource --> 

    <owl:Class rdf:about="&ms;HardResource"> 

        <rdfs:label xml:lang="en">Hard resource</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;Resource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#HoleBottomStyle --> 

    <owl:Class rdf:about="&ms;HoleBottomStyle"> 

        <rdfs:label xml:lang="en">Hole bottom style</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#HorizontalMachine --> 

    <owl:Class rdf:about="&ms;HorizontalMachine"> 

        <rdfs:label xml:lang="en">Horizontal machine</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 
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    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#IDBlindHoleWithFlatBottom -

-> 

    <owl:Class rdf:about="&ms;IDBlindHoleWithFlatBottom"> 

        <rdfs:label xml:lang="en">ID blind hole with flat bottom</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#IDBlindHoleWithFlatBottomFromPre

drilledHole --> 

    <owl:Class rdf:about="&ms;IDBlindHoleWithFlatBottomFromPredrilledHole"> 

        <rdfs:label>ID blind hole with flat bottom from predrilled hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#IDBlindHoleWithUndefinedShape --> 

    <owl:Class rdf:about="&ms;IDBlindHoleWithUndefinedShape"> 

        <rdfs:label xml:lang="en">ID blind hole with undefined shape</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#IDGroove --> 

    <owl:Class rdf:about="&ms;IDGroove"> 

        <rdfs:label>ID groove</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#IDSimpleBlindHole --> 

    <owl:Class rdf:about="&ms;IDSimpleBlindHole"> 

        <rdfs:label xml:lang="en">ID simple blind hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#IDSimpleThroughHole --> 

    <owl:Class rdf:about="&ms;IDSimpleThroughHole"> 

        <rdfs:label xml:lang="en">ID simple through hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#IDTaperProfile --> 
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    <owl:Class rdf:about="&ms;IDTaperProfile"> 

        <rdfs:label xml:lang="en">ID taper profile</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Industry --> 

    <owl:Class rdf:about="&ms;Industry"/> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Knowledge --> 

    <owl:Class rdf:about="&ms;Knowledge"> 

        <rdfs:subClassOf rdf:resource="&ms;SoftResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MachineType --> 

    <owl:Class rdf:about="&ms;MachineType"> 

        <rdfs:label xml:lang="en">Machine type</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MachiningCentre --> 

    <owl:Class rdf:about="&ms;MachiningCentre"> 

        <rdfs:label xml:lang="en">Machining centre</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MachiningFeature --> 

    <owl:Class rdf:about="&ms;MachiningFeature"> 

        <rdfs:label xml:lang="en">Machining feature</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MachiningFunction --> 

    <owl:Class rdf:about="&ms;MachiningFunction"> 

        <rdfs:label xml:lang="en">Machining function</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MachiningResource --> 

    <owl:Class rdf:about="&ms;MachiningResource"> 

        <rdfs:label xml:lang="en">Machining resource</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;HardResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MachiningStage --> 

    <owl:Class rdf:about="&ms;MachiningStage"> 

        <rdfs:label xml:lang="en">Machining stage</rdfs:label> 
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    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ManagementCapability --> 

    <owl:Class rdf:about="&ms;ManagementCapability"> 

        <rdfs:label xml:lang="en">Management capability</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;Capability"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Material --> 

    <owl:Class rdf:about="&ms;Material"> 

        <rdfs:label xml:lang="en">Material</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MaterialGroup --> 

    <owl:Class rdf:about="&ms;MaterialGroup"> 

        <rdfs:label xml:lang="en">Material group</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MazakQTN100IIMS --> 

    <owl:Class rdf:about="&ms;MazakQTN100IIMS"> 

        <rdfs:label xml:lang="en">Mazak QTN 100II MS</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachiningResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MillingFeature --> 

    <owl:Class rdf:about="&ms;MillingFeature"> 

        <rdfs:label xml:lang="en">Milling feature</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachiningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MillingMachine --> 

    <owl:Class rdf:about="&ms;MillingMachine"> 

        <rdfs:label xml:lang="en">Milling machine</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MultitaskingMachine --> 

    <owl:Class rdf:about="&ms;MultitaskingMachine"> 

        <rdfs:label xml:lang="en">Multitasking machine</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODCutOffSolid --> 
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    <owl:Class rdf:about="&ms;ODCutOffSolid"> 

        <rdfs:label xml:lang="en">OD cut off solid</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODCutOffTube --> 

    <owl:Class rdf:about="&ms;ODCutOffTube"> 

        <rdfs:label xml:lang="en">OD cut off tube</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#ODCylindricalSurfaceWithShoulder -

-> 

    <owl:Class rdf:about="&ms;ODCylindricalSurfaceWithShoulder"> 

        <rdfs:label xml:lang="en">OD cylindrical surface with shoulder</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODGeneralProfile --> 

    <owl:Class rdf:about="&ms;ODGeneralProfile"> 

        <rdfs:label xml:lang="en">OD general profile</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODGroove --> 

    <owl:Class rdf:about="&ms;ODGroove"> 

        <rdfs:label>OD  groove</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODIncreasingProfile --> 

    <owl:Class rdf:about="&ms;ODIncreasingProfile"> 

        <rdfs:label xml:lang="en">OD increasing profile</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODPlanarSurfaceFromSolid --> 

    <owl:Class rdf:about="&ms;ODPlanarSurfaceFromSolid"> 

        <rdfs:label xml:lang="en">OD planar surface from solid</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 
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    <!-- http://www.manunetwork.com/manuservice/v1#ODPlanarSurfaceFromTube -

-> 

    <owl:Class rdf:about="&ms;ODPlanarSurfaceFromTube"> 

        <rdfs:label xml:lang="en">OD planar surface from tube</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODSimpleCylinder --> 

    <owl:Class rdf:about="&ms;ODSimpleCylinder"> 

        <rdfs:label xml:lang="en">OD simple cylinder</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ODSimpleCylindricalSurface -

-> 

    <owl:Class rdf:about="&ms;ODSimpleCylindricalSurface"> 

        <rdfs:label xml:lang="en">OD simple cylindrical surface</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;TurningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#PaymentChargeSpecification -

-> 

    <owl:Class rdf:about="&ms;PaymentChargeSpecification"> 

        <rdfs:label xml:lang="en">Payment charge specification</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;CostSpecification"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#PaymentMethod --> 

    <owl:Class rdf:about="&ms;PaymentMethod"> 

        <rdfs:label xml:lang="en">Payment method</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Personnel --> 

    <owl:Class rdf:about="&ms;Personnel"> 

        <rdfs:subClassOf rdf:resource="&ms;SoftResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#PlanarContourChamfer --> 

    <owl:Class rdf:about="&ms;PlanarContourChamfer"> 

        <rdfs:label xml:lang="en">Planar contour chamfer</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 
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    <!-- http://www.manunetwork.com/manuservice/v1#PlanarSurface --> 

    <owl:Class rdf:about="&ms;PlanarSurface"> 

        <rdfs:label xml:lang="en">Planar surface</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Product --> 

    <owl:Class rdf:about="&ms;Product"> 

        <rdfs:label xml:lang="en">Product</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ProductionCapability --> 

    <owl:Class rdf:about="&ms;ProductionCapability"> 

        <rdfs:label xml:lang="en">Production capability</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;Capability"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ProductionModel --> 

    <owl:Class rdf:about="&ms;ProductionModel"> 

        <rdfs:label xml:lang="en">Production model</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Project --> 

    <owl:Class rdf:about="&ms;Project"> 

        <rdfs:label xml:lang="en">Project</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#RawMaterial --> 

    <owl:Class rdf:about="&ms;RawMaterial"> 

        <rdfs:label xml:lang="en">Raw material</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;HardResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Resource --> 

    <owl:Class rdf:about="&ms;Resource"/> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ServiceLog --> 

    <owl:Class rdf:about="&ms;ServiceLog"> 

        <rdfs:label xml:lang="en">Service log</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SimpleBlindHole --> 

    <owl:Class rdf:about="&ms;SimpleBlindHole"> 
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        <rdfs:label xml:lang="en">Simple blind hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SimpleThroughHole --> 

    <owl:Class rdf:about="&ms;SimpleThroughHole"> 

        <rdfs:label xml:lang="en">Simple through hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SlotWithConcaveRunOn --> 

    <owl:Class rdf:about="&ms;SlotWithConcaveRunOn"> 

        <rdfs:label xml:lang="en">Slot with concave run on</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SoftResource --> 

    <owl:Class rdf:about="&ms;SoftResource"> 

        <rdfs:label xml:lang="en">Soft resource</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;Resource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Software --> 

    <owl:Class rdf:about="&ms;Software"> 

        <rdfs:subClassOf rdf:resource="&ms;SoftResource"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Spindle --> 

    <owl:Class rdf:about="&ms;Spindle"/> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SquareEnd --> 

    <owl:Class rdf:about="&ms;SquareEnd"> 

        <rdfs:label xml:lang="en">Square end</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;CornerStyle"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#StandardPart --> 

    <owl:Class rdf:about="&ms;StandardPart"> 

        <rdfs:label xml:lang="en">Standard part</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#StraightChamfer --> 

    <owl:Class rdf:about="&ms;StraightChamfer"> 
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        <rdfs:label xml:lang="en">Straight chamfer</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#StraightShoulder --> 

    <owl:Class rdf:about="&ms;StraightShoulder"> 

        <rdfs:label>Straight shoulder</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#StraightSlot --> 

    <owl:Class rdf:about="&ms;StraightSlot"> 

        <rdfs:label xml:lang="en">Straight slot</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#TSlot --> 

    <owl:Class rdf:about="&ms;TSlot"> 

        <rdfs:label xml:lang="en">T slot</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ThreadedBlindHole --> 

    <owl:Class rdf:about="&ms;ThreadedBlindHole"> 

        <rdfs:label xml:lang="en">Threaded blind hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ThreadedThroughHole --> 

    <owl:Class rdf:about="&ms;ThreadedThroughHole"> 

        <rdfs:label xml:lang="en">Threaded through hole</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;DrillingFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ThreeAxis --> 

    <owl:Class rdf:about="&ms;ThreeAxis"> 

        <rdfs:label xml:lang="en">Three axis</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#TurningFeature --> 

    <owl:Class rdf:about="&ms;TurningFeature"> 

        <rdfs:label xml:lang="en">Turning feature</rdfs:label> 
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        <rdfs:subClassOf rdf:resource="&ms;MachiningFeature"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#TurningMachine --> 

    <owl:Class rdf:about="&ms;TurningMachine"> 

        <rdfs:label xml:lang="en">Turning machine</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Turret --> 

    <owl:Class rdf:about="&ms;Turret"/> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#TwoAxis --> 

    <owl:Class rdf:about="&ms;TwoAxis"> 

        <rdfs:label xml:lang="en">Two axis</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#VerticalMachine --> 

    <owl:Class rdf:about="&ms;VerticalMachine"> 

        <rdfs:label xml:lang="en">Vertical machine</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;MachineType"/> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Workingstep --> 

    <owl:Class rdf:about="&ms;Workingstep"> 

        <rdfs:label xml:lang="en">Workingstep</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Workpiece --> 

    <owl:Class rdf:about="&ms;Workpiece"> 

        <rdfs:label xml:lang="en">Workpiece</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Workplan --> 

    <owl:Class rdf:about="&ms;Workplan"> 

        <rdfs:label xml:lang="en">Workplan</rdfs:label> 

    </owl:Class> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#45Chamfer --> 

    <owl:Class rdf:about="&ms;45Chamfer"> 

        <rdfs:label xml:lang="en">45 chamfer</rdfs:label> 

        <rdfs:subClassOf rdf:resource="&ms;CornerStyle"/> 
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    </owl:Class> 

     

    <!--  

    /////////////////////////////////////////////////////////////////////////////////////// 

    // 

    // Individuals 

    // 

    /////////////////////////////////////////////////////////////////////////////////////// 

     --> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#A-Carbon --> 

    <owl:NamedIndividual rdf:about="&ms;A-Carbon"> 

        <rdf:type rdf:resource="&ms;Material"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Aerospace --> 

    <owl:NamedIndividual rdf:about="&ms;Aerospace"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Broaching --> 

    <owl:NamedIndividual rdf:about="&ms;Broaching"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Chamfering --> 

    <owl:NamedIndividual rdf:about="&ms;Chamfering"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Chemistry --> 

    <owl:NamedIndividual rdf:about="&ms;Chemistry"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CirclipGrooving --> 

    <owl:NamedIndividual rdf:about="&ms;CirclipGrooving"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DHL --> 

    <owl:NamedIndividual rdf:about="&ms;DHL"> 

        <rdf:type rdf:resource="&ms;DeliveryModeParcelService"/> 
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    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryModeDirectDownload 

--> 

    <owl:NamedIndividual rdf:about="&ms;DeliveryModeDirectDownload"> 

        <rdf:type rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:label>Delivery mode direct download</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryModeFreight --> 

    <owl:NamedIndividual rdf:about="&ms;DeliveryModeFreight"> 

        <rdf:type rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:label>Delivery model freight</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryModeMail --> 

    <owl:NamedIndividual rdf:about="&ms;DeliveryModeMail"> 

        <rdf:type rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:label>Delivery mode mail</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryModeOwnFleet --> 

    <owl:NamedIndividual rdf:about="&ms;DeliveryModeOwnFleet"> 

        <rdf:type rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:label>Delivery mode own fleet</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DeliveryModePickUp --> 

    <owl:NamedIndividual rdf:about="&ms;DeliveryModePickUp"> 

        <rdf:type rdf:resource="&ms;DeliveryMethod"/> 

        <rdfs:label>Delivery mode pick up</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Drilling --> 

    <owl:NamedIndividual rdf:about="&ms;Drilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#EndMilling --> 

    <owl:NamedIndividual rdf:about="&ms;EndMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 
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    <!-- http://www.manunetwork.com/manuservice/v1#Energy --> 

    <owl:NamedIndividual rdf:about="&ms;Energy"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#EngineerToOrder --> 

    <owl:NamedIndividual rdf:about="&ms;EngineerToOrder"> 

        <rdf:type rdf:resource="&ms;ProductionModel"/> 

        <rdfs:label xml:lang="en">Engineer to order</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ExternalGrooving --> 

    <owl:NamedIndividual rdf:about="&ms;ExternalGrooving"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ExternalThreadTurning --> 

    <owl:NamedIndividual rdf:about="&ms;ExternalThreadTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ExternalTurning --> 

    <owl:NamedIndividual rdf:about="&ms;ExternalTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FaceGrooving --> 

    <owl:NamedIndividual rdf:about="&ms;FaceGrooving"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FaceMilling --> 

    <owl:NamedIndividual rdf:about="&ms;FaceMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FaceTurning --> 

    <owl:NamedIndividual rdf:about="&ms;FaceTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FederalExpress --> 

    <owl:NamedIndividual rdf:about="&ms;FederalExpress"> 
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        <rdf:type rdf:resource="&ms;DeliveryModeParcelService"/> 

        <rdfs:label>Federal express</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Finishing --> 

    <owl:NamedIndividual rdf:about="&ms;Finishing"> 

        <rdf:type rdf:resource="&ms;MachiningStage"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FoodProcessing --> 

    <owl:NamedIndividual rdf:about="&ms;FoodProcessing"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

        <rdfs:label xml:lang="en">Food processing</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#FormMilling --> 

    <owl:NamedIndividual rdf:about="&ms;FormMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GearMilling --> 

    <owl:NamedIndividual rdf:about="&ms;GearMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GeneralDrilling --> 

    <owl:NamedIndividual rdf:about="&ms;GeneralDrilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#GeneralGrooving --> 

    <owl:NamedIndividual rdf:about="&ms;GeneralGrooving"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Grinding --> 

    <owl:NamedIndividual rdf:about="&ms;Grinding"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Grooving --> 

    <owl:NamedIndividual rdf:about="&ms;Grooving"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 



Appendix B - ManuService Specification 

258 

 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Honding --> 

    <owl:NamedIndividual rdf:about="&ms;Honding"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ISO_H --> 

    <owl:NamedIndividual rdf:about="&ms;ISO_H"> 

        <rdf:type rdf:resource="&ms;MaterialGroup"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ISO_K --> 

    <owl:NamedIndividual rdf:about="&ms;ISO_K"> 

        <rdf:type rdf:resource="&ms;MaterialGroup"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ISO_M --> 

    <owl:NamedIndividual rdf:about="&ms;ISO_M"> 

        <rdf:type rdf:resource="&ms;MaterialGroup"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ISO_N --> 

    <owl:NamedIndividual rdf:about="&ms;ISO_N"> 

        <rdf:type rdf:resource="&ms;MaterialGroup"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ISO_P --> 

    <owl:NamedIndividual rdf:about="&ms;ISO_P"> 

        <rdf:type rdf:resource="&ms;MaterialGroup"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ISO_S --> 

    <owl:NamedIndividual rdf:about="&ms;ISO_S"> 

        <rdf:type rdf:resource="&ms;MaterialGroup"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InternalThreadTurning --> 

    <owl:NamedIndividual rdf:about="&ms;InternalThreadTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InternalTurning --> 
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    <owl:NamedIndividual rdf:about="&ms;InternalTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#LongitudinalTurning --> 

    <owl:NamedIndividual rdf:about="&ms;LongitudinalTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Marine --> 

    <owl:NamedIndividual rdf:about="&ms;Marine"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Milling --> 

    <owl:NamedIndividual rdf:about="&ms;Milling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Mining --> 

    <owl:NamedIndividual rdf:about="&ms;Mining"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#OilGas --> 

    <owl:NamedIndividual rdf:about="&ms;OilGas"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

        <rdfs:label xml:lang="en">Oil gas</rdfs:label> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Paper --> 

    <owl:NamedIndividual rdf:about="&ms;Paper"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#PartingOff --> 

    <owl:NamedIndividual rdf:about="&ms;PartingOff"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#PlainMilling --> 

    <owl:NamedIndividual rdf:about="&ms;PlainMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 
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    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Planning --> 

    <owl:NamedIndividual rdf:about="&ms;Planning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#PocketMachining --> 

    <owl:NamedIndividual rdf:about="&ms;PocketMachining"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ProfileMilling --> 

    <owl:NamedIndividual rdf:about="&ms;ProfileMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ProfileTurning --> 

    <owl:NamedIndividual rdf:about="&ms;ProfileTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Refinery --> 

    <owl:NamedIndividual rdf:about="&ms;Refinery"> 

        <rdf:type rdf:resource="&ms;Industry"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Roughing --> 

    <owl:NamedIndividual rdf:about="&ms;Roughing"> 

        <rdf:type rdf:resource="&ms;MachiningStage"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Sawing --> 

    <owl:NamedIndividual rdf:about="&ms;Sawing"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Semifinishing --> 

    <owl:NamedIndividual rdf:about="&ms;Semifinishing"> 

        <rdf:type rdf:resource="&ms;MachiningStage"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Shaping --> 
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    <owl:NamedIndividual rdf:about="&ms;Shaping"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SiliconCarbide --> 

    <owl:NamedIndividual rdf:about="&ms;SiliconCarbide"> 

        <rdf:type rdf:resource="&ms;Material"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SlotMilling --> 

    <owl:NamedIndividual rdf:about="&ms;SlotMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#StepDrilling --> 

    <owl:NamedIndividual rdf:about="&ms;StepDrilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Tapping --> 

    <owl:NamedIndividual rdf:about="&ms;Tapping"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ThreadMilling --> 

    <owl:NamedIndividual rdf:about="&ms;ThreadMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ThreadTurning --> 

    <owl:NamedIndividual rdf:about="&ms;ThreadTurning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Threading --> 

    <owl:NamedIndividual rdf:about="&ms;Threading"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#TurnMilling --> 

    <owl:NamedIndividual rdf:about="&ms;TurnMilling"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 
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    <!-- http://www.manunetwork.com/manuservice/v1#Turning --> 

    <owl:NamedIndividual rdf:about="&ms;Turning"> 

        <rdf:type rdf:resource="&ms;MachiningFunction"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#UPS --> 

    <owl:NamedIndividual rdf:about="&ms;UPS"> 

        <rdf:type rdf:resource="&ms;DeliveryModeParcelService"/> 

    </owl:NamedIndividual> 

</rdf:RDF> 
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<?xml version="1.0"?> 

<!DOCTYPE rdf:RDF [ 

<!ENTITY owl "http://www.w3.org/2002/07/owl#" > 

<!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" > 

<!ENTITY dcterms "http://www.manunetwork.com/dc/terms/" > 

<!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" > 

<!ENTITY ms "http://www.manunetwork.com/manuservice/v1#" > 

<!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#" > 

<!ENTITY dc "http://www.manunetwork.com/dc/elements/1.0/" > 

]> 

<rdf:RDF xmlns="http://www.manunetwork.com/manuservice/v1#" 

  xml:base="http://www.manunetwork.com/manuservice/v1" 

  xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

  xmlns:owl="http://www.w3.org/2002/07/owl#" 

  xmlns:ms="http://www.manunetwork.com/manuservice/v1#" 

  xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 

  xmlns:dcterms="http://www.manunetwork.com/dc/terms/" 

  xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 

  xmlns:dc="http://www.manunetwork.com/dc/elements/1.0/"> 

 <owl:Ontology 

rdf:about="http://www.manunetwork.com/manuservice/v1#"/> 

  

 <!-- http://www.manunetwork.com/manuservice/v1#MS-T10436000 --> 

    <owl:NamedIndividual rdf:about="&ms;MS-T10436000"> 

        <rdf:type rdf:resource="&ms;Project"/> 

        <version rdf:datatype="&xsd;dateTime">1.1.2</version> 

        <dateOriginated rdf:datatype="&xsd;dateTime">2014-06-

30T09:30:10Z</dateOriginated> 

        <dateLastModified rdf:datatype="&xsd;dateTime">2014-06-

30T12:30:10Z</dateLastModified> 

        <name rdf:datatype="&xsd;string">K32665</name> 

        <description rdf:datatype="&rdfs;Literal">Mechanical seal, 25 bar. -40C-

220C</description> 

        <jobNumber rdf:datatype="&xsd;string">T232453221</jobNumber> 

        <status rdf:datatype="&xsd;string">unassigned</status> 

        <hasOwner rdf:resource="&ms;EagleBurgmann"/> 

        <hasCostExpectation rdf:resource="&ms;MSCostExpectation"/> 

        <hasProduct rdf:resource="&ms;MechanicalSeal"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#MSCostExpectation --> 

    <owl:NamedIndividual rdf:about="&ms;MSCostExpectation"> 

        <rdf:type rdf:resource="&ms;CostSpecification"/> 
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        <validFrom rdf:datatype="&xsd;dateTime">2014-07-01T00:00:00Z</validFrom> 

        <validThrough rdf:datatype="&xsd;dateTime">2014-07-

30T00:00:00Z</validThrough> 

        <hasCurrencyValue rdf:datatype="&xsd;float">40000.0</hasCurrencyValue> 

        <hasCurrency rdf:datatype="&xsd;string">NZD</hasCurrency> 

        <valueAddedTaxIncluded 

rdf:datatype="&xsd;boolean">true</valueAddedTaxIncluded> 

    </owl:NamedIndividual> 

        <!-- http://www.manunetwork.com/manuservice/v1#MechanicalSeal --> 

    <owl:NamedIndividual rdf:about="&ms;MechanicalSeal"> 

        <rdf:type rdf:resource="&ms;Product"/> 

        <drawingNumber rdf:datatype="&xsd;string">02-CARTEX-SEMP/2.500-

00</drawingNumber> 

        <quantity rdf:datatype="&xsd;int">1</quantity> 

        <name rdf:datatype="&xsd;string">Modified catex dual seal</name> 

        <partNumber rdf:datatype="&xsd;string">T10436000</partNumber> 

        <hasUnitOfMeasurement 

rdf:datatype="&xsd;string">suit</hasUnitOfMeasurement> 

        <hasWorkpiece rdf:resource="&ms;AssemblyFixture"/> 

        <hasWorkpiece rdf:resource="&ms;CoverSubAssembly"/> 

        <hasWorkpiece rdf:resource="&ms;Driver"/> 

        <hasWorkpiece rdf:resource="&ms;Driver"/> 

        <hasWorkpiece rdf:resource="&ms;Gasket"/> 

        <hasWorkpiece rdf:resource="&ms;HSHCapScrew"/> 

        <hasWorkpiece rdf:resource="&ms;HeadScrewPlug"/> 

        <hasWorkpiece rdf:resource="&ms;ORingA"/> 

        <hasWorkpiece rdf:resource="&ms;ORingB"/> 

        <hasWorkpiece rdf:resource="&ms;ORingC"/> 

        <hasDrawing rdf:resource="&ms;ProductDesignFile"/> 

        <hasWorkpiece rdf:resource="&ms;RetainingRing"/> 

        <hasWorkpiece rdf:resource="&ms;SealFace"/> 

        <hasWorkpiece rdf:resource="&ms;Seat"/> 

        <hasWorkpiece rdf:resource="&ms;SetScrew"/> 

        <hasWorkpiece rdf:resource="&ms;ShaftSleeveSubAssembly"/> 

        <hasWorkpiece rdf:resource="&ms;SpringA"/> 

    </owl:NamedIndividual> 

<!-- http://www.manunetwork.com/manuservice/v1#AssemblyFixture --> 

    <owl:NamedIndividual rdf:about="&ms;AssemblyFixture"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">4</quantity> 

        <partNumber rdf:datatype="&xsd;integer">821208242</partNumber> 

        <drawingNumber>SESUM-SE/50-12</drawingNumber> 

    </owl:NamedIndividual> 
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<!-- http://www.manunetwork.com/manuservice/v1#Cover --> 

    <owl:NamedIndividual rdf:about="&ms;Cover"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <drawingNumber>O2-SESUM-SEMP/2.500-11-1</drawingNumber> 

        <partNumber>T10639246</partNumber> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#CoverSubAssembly --> 

    <owl:NamedIndividual rdf:about="&ms;CoverSubAssembly"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <drawingNumber>O2-SESUM-SEMP/2.500-11M</drawingNumber> 

        <name>CoverSubAssembly</name> 

        <partNumber>T10638246</partNumber> 

        <hasSubWorkpiece rdf:resource="&ms;Cover"/> 

        <hasSubWorkpiece rdf:resource="&ms;Insert"/> 

    </owl:NamedIndividual> 

  <!-- http://www.manunetwork.com/manuservice/v1#Driver --> 

    <owl:NamedIndividual rdf:about="&ms;Driver"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">814441246</partNumber> 

        <drawingNumber>ST270.2-2.500</drawingNumber> 

        <name>Driver</name> 

        <includesFeature rdf:resource="&ms;DriverEndPlanarSurface"/> 

        <includesFeature rdf:resource="&ms;DriverHole"/> 

        <includesFeature rdf:resource="&ms;DriverHole2"/> 

        <includesFeature rdf:resource="&ms;DriverInternalHole"/> 

        <includesFeature rdf:resource="&ms;DriverODSurface"/> 

        <includesFeature rdf:resource="&ms;DriverPartOff"/> 

        <includesFeature rdf:resource="&ms;DriverSlot"/> 

        <fromMaterial rdf:resource="&ms;DuplexSAF2205"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverEndPlanarSurface --> 

    <owl:NamedIndividual rdf:about="&ms;DriverEndPlanarSurface"> 

        <rdf:type rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <stockInAxialDirection rdf:datatype="&xsd;decimal">2.5</stockInAxialDirection> 

        <diameterOfInnerCylinder 

rdf:datatype="&xsd;integer">60</diameterOfInnerCylinder> 
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        <diameterOfPlanarFace rdf:datatype="&xsd;integer">85</diameterOfPlanarFace> 

        <qualityOfWallSurface>N7</qualityOfWallSurface> 

        <name>DriverEndPlanarSurface</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverHole --> 

    <owl:NamedIndividual rdf:about="&ms;DriverHole"> 

        <rdf:type rdf:resource="&ms;ThreadedThroughHole"/> 

        <pitch rdf:datatype="&xsd;decimal">0.5</pitch> 

        <nominalDiameter rdf:datatype="&xsd;integer">4</nominalDiameter> 

        <usableLength rdf:datatype="&xsd;integer">5</usableLength> 

        <lengthOfHole rdf:datatype="&xsd;decimal">5.35</lengthOfHole> 

        <threadPercent rdf:datatype="&xsd;decimal">76.98</threadPercent> 

        <threadSize>M4x0.5</threadSize> 

        <threadOrientation>R</threadOrientation> 

        <typeOfThread>Metric</typeOfThread> 

        <name>DriverHole</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverHole2 --> 

    <owl:NamedIndividual rdf:about="&ms;DriverHole2"> 

        <rdf:type rdf:resource="&ms;ThreadedThroughHole"/> 

        <pitch rdf:datatype="&xsd;decimal">0.5</pitch> 

        <usableLength rdf:datatype="&xsd;integer">6</usableLength> 

        <nominalDiameter rdf:datatype="&xsd;integer">6</nominalDiameter> 

        <lengthOfHole rdf:datatype="&xsd;decimal">6.95</lengthOfHole> 

        <threadPercent rdf:datatype="&xsd;decimal">76.98</threadPercent> 

        <threadOrientation>R</threadOrientation> 

        <typeOfThread>Metric</typeOfThread> 

        <threadSize>M6x0.5</threadSize> 

        <name>DriverHole2</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverInternalHole --> 

    <owl:NamedIndividual rdf:about="&ms;DriverInternalHole"> 

        <rdf:type rdf:resource="&ms;IDSimpleThroughHole"/> 

        <lengthOfHole rdf:datatype="&xsd;integer">12</lengthOfHole> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <diameterOfPredrilledHole 

rdf:datatype="&xsd;integer">60</diameterOfPredrilledHole> 

        <minDiameterOfHole rdf:datatype="&xsd;integer">67</minDiameterOfHole> 

        <diameterOfHole rdf:datatype="&xsd;decimal">67.1</diameterOfHole> 
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        <maxDiameterOfHole 

rdf:datatype="&xsd;decimal">67.15</maxDiameterOfHole> 

        <qualityOfWallSurface>N9</qualityOfWallSurface> 

        <name>DriverInternalHole</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverODSurface --> 

    <owl:NamedIndividual rdf:about="&ms;DriverODSurface"> 

        <rdf:type rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <lengthOfCylinder rdf:datatype="&xsd;integer">12</lengthOfCylinder> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <stockInRadialDirection rdf:datatype="&xsd;integer">2</stockInRadialDirection> 

        <diameterOfCylinder rdf:datatype="&xsd;integer">81</diameterOfCylinder> 

        <qualityOfFace>N6</qualityOfFace> 

        <name>DriverODSurface</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverPartOff --> 

    <owl:NamedIndividual rdf:about="&ms;DriverPartOff"> 

        <rdf:type rdf:resource="&ms;ODCutOffTube"/> 

        <maxWidthOfRemovedMaterialZone 

rdf:datatype="&xsd;integer">5</maxWidthOfRemovedMaterialZone> 

        <diameterOfInnerHole 

rdf:datatype="&xsd;decimal">67.1</diameterOfInnerHole> 

        <diameterOfPlanarSplitFace 

rdf:datatype="&xsd;integer">81</diameterOfPlanarSplitFace> 

        <name>DriverPartOff</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DriverSlot --> 

    <owl:NamedIndividual rdf:about="&ms;DriverSlot"> 

        <rdf:type rdf:resource="&ms;StraightSlot"/> 

        <depthOfSlot rdf:datatype="&xsd;decimal">1.6</depthOfSlot> 

        <widthOfSlot rdf:datatype="&xsd;integer">9</widthOfSlot> 

        <minWidthOfSlot rdf:datatype="&xsd;integer">9</minWidthOfSlot> 

        <maxWidthOfSlot rdf:datatype="&xsd;decimal">9.1</maxWidthOfSlot> 

        <angleOfWallValue rdf:datatype="&xsd;integer">90</angleOfWallValue> 

        <name>DriverSlot</name> 

        <qualityOfWallSurface>N9</qualityOfWallSurface> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#DuplexSAF2205 --> 

    <owl:NamedIndividual rdf:about="&ms;DuplexSAF2205"> 
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        <rdf:type rdf:resource="&ms;Material"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#EagleBurgmann --> 

    <owl:NamedIndividual rdf:about="&ms;EagleBurgmann"> 

        <rdf:type rdf:resource="&ms;BusinessEntity"/> 

        <telephone rdf:datatype="&xsd;string">+64-09-4485001</telephone> 

        <hasISICv4 rdf:datatype="&xsd;int">2819</hasISICv4> 

        <hasNAICS rdf:datatype="&xsd;int">339991</hasNAICS> 

        <name rdf:datatype="&rdfs;Literal">Eagerburgmann NZ</name> 

        <legalName rdf:datatype="&rdfs;Literal">EagleBurgmann New Zealand 

Ltd.</legalName> 

        <description rdf:datatype="&rdfs;Literal">EagleBurgmann New Zealand, a world 

leader of seal solution</description> 

        <category rdf:datatype="&rdfs;Literal">manufacturer</category> 

        <hasBillingAddress rdf:resource="&ms;EagleBurgmannAdd"/> 

        <hasAddress rdf:resource="&ms;EagleBurgmannAdd"/> 

        <hasProductionModel rdf:resource="&ms;Engineer_to_order"/> 

        <hasProduct rdf:resource="&ms;Sealing_solution"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#EagleBurgmannAdd --> 

    <owl:NamedIndividual rdf:about="&ms;EagleBurgmannAdd"> 

        <rdf:type rdf:resource="&ms;Address"/> 

        <postalCode rdf:datatype="&rdfs;Literal">0632</postalCode> 

        <streetAddress rdf:datatype="&rdfs;Literal">47 William Pickering 

Drive</streetAddress> 

        <addressLocality rdf:datatype="&rdfs;Literal">Auckland</addressLocality> 

        <addressCountry rdf:datatype="&rdfs;Literal">New Zealand</addressCountry> 

        <addressRegion rdf:datatype="&rdfs;Literal">Rosedale</addressRegion> 

        <hasGeoLocation rdf:resource="&ms;EagleBurgmannGeoCoordinates"/> 

    </owl:NamedIndividual> 

     

    <!-- 

http://www.manunetwork.com/manuservice/v1#EagleBurgmannGeoCoordinates --> 

    <owl:NamedIndividual rdf:about="&ms;EagleBurgmannGeoCoordinates"> 

        <rdf:type rdf:resource="&ms;GeoCoordinates"/> 

        <latitude rdf:datatype="&xsd;double">-36.74353</latitude> 

        <longitude rdf:datatype="&xsd;double">174.69749</longitude> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Gasket --> 

    <owl:NamedIndividual rdf:about="&ms;Gasket"> 
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        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">561819364</partNumber> 

        <drawingNumber>ST165-87.5x104x1</drawingNumber> 

    </owl:NamedIndividual> 

     

    <owl:NamedIndividual rdf:about="&ms;HSHCapScrew"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <partNumber rdf:datatype="&xsd;integer">226038205</partNumber> 

        <quantity rdf:datatype="&xsd;integer">4</quantity> 

        <drawingNumber>ISO4762-M4x8</drawingNumber> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#HeadScrewPlug --> 

    <owl:NamedIndividual rdf:about="&ms;HeadScrewPlug"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">569893204</partNumber> 

        <drawingNumber>ST8-3/8NPT</drawingNumber> 

    </owl:NamedIndividual> 

     <!-- http://www.manunetwork.com/manuservice/v1#Insert --> 

    <owl:NamedIndividual rdf:about="&ms;Insert"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <name>Insert</name> 

        <partNumber>T10640246</partNumber> 

        <drawingNumber>O2-SESUM-SEMP/2.500-11-2</drawingNumber> 

        <fromMaterial rdf:resource="&ms;DuplexSAF2205"/> 

        <includesFeature rdf:resource="&ms;InsertEndSurface"/> 

        <includesFeature rdf:resource="&ms;InsertHole"/> 

        <includesFeature rdf:resource="&ms;InsertInternalHole"/> 

        <includesFeature rdf:resource="&ms;InsertODSurface"/> 

        <includesFeature rdf:resource="&ms;InsertPartOff"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InsertEndSurface --> 

    <owl:NamedIndividual rdf:about="&ms;InsertEndSurface"> 

        <rdf:type rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <diameterOfPlanarFace 

rdf:datatype="&xsd;integer">105</diameterOfPlanarFace> 

        <stockInAxialDirection rdf:datatype="&xsd;integer">2</stockInAxialDirection> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 
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        <diameterOfInnerCylinder 

rdf:datatype="&xsd;integer">78</diameterOfInnerCylinder> 

        <qualityOfWallSurface>N7</qualityOfWallSurface> 

        <name>InsertEndSurface</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InsertHole --> 

    <owl:NamedIndividual rdf:about="&ms;InsertHole"> 

        <rdf:type rdf:resource="&ms;SimpleThroughHole"/> 

        <minDiameterOfHole rdf:datatype="&xsd;decimal">4.4</minDiameterOfHole> 

        <diameterOfHole rdf:datatype="&xsd;decimal">4.5</diameterOfHole> 

        <maxDiameterOfHole rdf:datatype="&xsd;decimal">4.6</maxDiameterOfHole> 

        <lengthOfHole rdf:datatype="&xsd;integer">8</lengthOfHole> 

        <name>InsertHole</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InsertInternalHole --> 

    <owl:NamedIndividual rdf:about="&ms;InsertInternalHole"> 

        <rdf:type rdf:resource="&ms;IDSimpleThroughHole"/> 

        <lengthOfHole rdf:datatype="&xsd;integer">12</lengthOfHole> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <diameterOfPredrilledHole 

rdf:datatype="&xsd;integer">78</diameterOfPredrilledHole> 

        <minDiameterOfHole rdf:datatype="&xsd;decimal">82.5</minDiameterOfHole> 

        <diameterOfHole rdf:datatype="&xsd;decimal">82.5</diameterOfHole> 

        <maxDiameterOfHole rdf:datatype="&xsd;decimal">82.8</maxDiameterOfHole> 

        <qualityOfWallSurface>N9</qualityOfWallSurface> 

        <name>InsertInternalHole</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InsertODSurface --> 

    <owl:NamedIndividual rdf:about="&ms;InsertODSurface"> 

        <rdf:type rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <diameterOfCylinder rdf:datatype="&xsd;integer">105</diameterOfCylinder> 

        <lengthOfCylinder rdf:datatype="&xsd;integer">12</lengthOfCylinder> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <stockInRadialDirection rdf:datatype="&xsd;integer">3</stockInRadialDirection> 

        <name>InsertODSurface</name> 

        <qualityOfFace>N6</qualityOfFace> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#InsertPartOff --> 

    <owl:NamedIndividual rdf:about="&ms;InsertPartOff"> 
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        <rdf:type rdf:resource="&ms;ODCutOffTube"/> 

        <maxWidthOfRemovedMaterialZone 

rdf:datatype="&xsd;integer">2</maxWidthOfRemovedMaterialZone> 

        <diameterOfInnerHole 

rdf:datatype="&xsd;decimal">82.5</diameterOfInnerHole> 

        <diameterOfPlanarSplitFace 

rdf:datatype="&xsd;integer">99</diameterOfPlanarSplitFace> 

        <name>InsertPartOff</name> 

    </owl:NamedIndividual> 

  

 <!-- http://www.manunetwork.com/manuservice/v1#ORingA --> 

    <owl:NamedIndividual rdf:about="&ms;ORingA"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">101351330</partNumber> 

        <drawingNumber>75.79x3.53</drawingNumber> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ORingB --> 

    <owl:NamedIndividual rdf:about="&ms;ORingB"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">100460330</partNumber> 

        <drawingNumber>72.69x2.62</drawingNumber> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ORingC --> 

    <owl:NamedIndividual rdf:about="&ms;ORingC"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">100402330</partNumber> 

        <drawingNumber>63.17x2.62</drawingNumber> 

    </owl:NamedIndividual> 

  

  

    <!-- http://www.manunetwork.com/manuservice/v1#ProductDesignFile --> 

    <owl:NamedIndividual rdf:about="&ms;ProductDesignFile"> 

        <rdf:type rdf:resource="&ms;Drawing"/> 

        <fileSize rdf:datatype="&rdfs;Literal">12.8M</fileSize> 

        <fileFormat rdf:datatype="&xsd;string">dxf</fileFormat> 

    </owl:NamedIndividual> 

    <!-- http://www.manunetwork.com/manuservice/v1#RetainingRing --> 

    <owl:NamedIndividual rdf:about="&ms;RetainingRing"> 
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        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">558670287</partNumber> 

        <drawingNumber>WN174-62</drawingNumber> 

    </owl:NamedIndividual> 

     <!-- http://www.manunetwork.com/manuservice/v1#SealFace --> 

    <owl:NamedIndividual rdf:about="&ms;SealFace"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;int">1</quantity> 

        <partNumber rdf:datatype="&xsd;string">581063114</partNumber> 

        <drawingNumber rdf:datatype="&xsd;string">ST272-2.500</drawingNumber> 

        <name rdf:datatype="&xsd;string">SealFace</name> 

        <fromMaterial rdf:resource="&ms;A-Carbon"/> 

        <includesFeature rdf:resource="&ms;SealFaceCutOff"/> 

        <includesFeature rdf:resource="&ms;SealFaceDSurface"/> 

        <hasDrawing rdf:resource="&ms;SealFaceDrawing"/> 

        <includesFeature rdf:resource="&ms;SealFaceInternalGroove"/> 

        <includesFeature rdf:resource="&ms;SealFacePlanarSurface"/> 

        <includesFeature rdf:resource="&ms;SealFaceSlot"/> 

        <includesFeature rdf:resource="&ms;SealFaceThroughHole"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFaceCutOff --> 

    <owl:NamedIndividual rdf:about="&ms;SealFaceCutOff"> 

        <rdf:type rdf:resource="&ms;ODCutOffTube"/> 

        <maxWidthOfRemovedMaterialZone 

rdf:datatype="&xsd;integer">5</maxWidthOfRemovedMaterialZone> 

        <diameterOfInnerHole 

rdf:datatype="&xsd;decimal">68.1</diameterOfInnerHole> 

        <diameterOfPlanarSplitFace 

rdf:datatype="&xsd;decimal">79.7</diameterOfPlanarSplitFace> 

        <name>SealFaceCutOff</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFaceDSurface --> 

    <owl:NamedIndividual rdf:about="&ms;SealFaceDSurface"> 

        <rdf:type rdf:resource="&ms;ODSimpleCylindricalSurface"/> 

        <lengthOfCylinder rdf:datatype="&xsd;decimal">19.3</lengthOfCylinder> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <stockInRadialDirection rdf:datatype="&xsd;integer">4</stockInRadialDirection> 

        <diameterOfCylinder rdf:datatype="&xsd;decimal">79.7</diameterOfCylinder> 

        <name>SealFaceDSurface</name> 

        <qualityOfFace>N6</qualityOfFace> 
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    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFaceDrawing --> 

    <owl:NamedIndividual rdf:about="&ms;SealFaceDrawing"> 

        <rdf:type rdf:resource="&ms;Drawing"/> 

        <fileSize rdf:datatype="&xsd;string">1.2M</fileSize> 

        <fileFormat rdf:datatype="&xsd;string">dxf</fileFormat> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFaceInternalGroove --> 

    <owl:NamedIndividual rdf:about="&ms;SealFaceInternalGroove"> 

        <rdf:type rdf:resource="&ms;IDGroove"/> 

        <radiusOfSmallestConcaveBlend 

rdf:datatype="&xsd;decimal">0.5</radiusOfSmallestConcaveBlend> 

        <distanceBetweenGrooveAndFrontFaceOfWorkpiece 

rdf:datatype="&xsd;decimal">19.3</distanceBetweenGrooveAndFrontFaceOfWorkpie

ce> 

        <maxWidthOfCut rdf:datatype="&xsd;integer">2</maxWidthOfCut> 

        <depthOfGroove rdf:datatype="&xsd;decimal">2.85</depthOfGroove> 

        <minGrooveWidth rdf:datatype="&xsd;integer">5</minGrooveWidth> 

        <grooveWidth rdf:datatype="&xsd;integer">5</grooveWidth> 

        <maxGrooveWidth rdf:datatype="&xsd;decimal">5.2</maxGrooveWidth> 

        <innerDiameterOfCylinder 

rdf:datatype="&xsd;decimal">68.1</innerDiameterOfCylinder> 

        <name>SealFaceInternalGroove</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFacePlanarSurface --> 

    <owl:NamedIndividual rdf:about="&ms;SealFacePlanarSurface"> 

        <rdf:type rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <stockInAxialDirection rdf:datatype="&xsd;decimal">2.5</stockInAxialDirection> 

        <diameterOfInnerCylinder 

rdf:datatype="&xsd;integer">67</diameterOfInnerCylinder> 

        <diameterOfPlanarFace rdf:datatype="&xsd;integer">85</diameterOfPlanarFace> 

        <name>SealFacePlanarSurface</name> 

        <qualityOfFace>N7</qualityOfFace> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFaceSlot --> 

    <owl:NamedIndividual rdf:about="&ms;SealFaceSlot"> 

        <rdf:type rdf:resource="&ms;StraightSlot"/> 

        <minWidthOfSlot rdf:datatype="&xsd;decimal">4.5</minWidthOfSlot> 
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        <widthOfSlot rdf:datatype="&xsd;decimal">4.6</widthOfSlot> 

        <maxWidthOfSlot rdf:datatype="&xsd;decimal">4.9</maxWidthOfSlot> 

        <depthOfSlot rdf:datatype="&xsd;decimal">5.3</depthOfSlot> 

        <angleOfWallValue rdf:datatype="&xsd;integer">90</angleOfWallValue> 

        <qualityOfWallSurface>N9</qualityOfWallSurface> 

        <name>SealFaceSlot</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SealFaceThroughHole --> 

    <owl:NamedIndividual rdf:about="&ms;SealFaceThroughHole"> 

        <rdf:type rdf:resource="&ms;IDSimpleThroughHole"/> 

        <lengthOfHole rdf:datatype="&xsd;decimal">18.3</lengthOfHole> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <diameterOfPredrilledHole 

rdf:datatype="&xsd;integer">67</diameterOfPredrilledHole> 

        <diameterOfHole rdf:datatype="&xsd;decimal">68.1</diameterOfHole> 

        <minDiameterOfHole rdf:datatype="&xsd;decimal">68.1</minDiameterOfHole> 

        <maxDiameterOfHole rdf:datatype="&xsd;decimal">68.3</maxDiameterOfHole> 

        <name>SealFaceThroughHole</name> 

        <qualityOfWallSurface>N9</qualityOfWallSurface> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Sealing_solution --> 

    <owl:NamedIndividual rdf:about="&ms;Sealing_solution"> 

        <rdf:type rdf:resource="&ms;Product"/> 

        <productAppliedIn rdf:resource="&ms;Aerospace"/> 

        <productAppliedIn rdf:resource="&ms;Chemistry"/> 

        <productAppliedIn rdf:resource="&ms;Energy"/> 

        <productAppliedIn rdf:resource="&ms;Food_processing"/> 

        <productAppliedIn rdf:resource="&ms;Marine"/> 

        <productAppliedIn rdf:resource="&ms;Mining"/> 

        <productAppliedIn rdf:resource="&ms;Oil_gas"/> 

        <productAppliedIn rdf:resource="&ms;Paper"/> 

        <productAppliedIn rdf:resource="&ms;Refinery"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#Seat --> 

    <owl:NamedIndividual rdf:about="&ms;Seat"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;int">1</quantity> 

        <partNumber rdf:datatype="&xsd;string">579985146</partNumber> 

        <drawingNumber rdf:datatype="&xsd;string">ST271-2.500</drawingNumber> 

        <name rdf:datatype="&xsd;string">Seat</name> 
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        <includesFeature rdf:resource="&ms;SeatCutOff"/> 

        <hasDrawing rdf:resource="&ms;SeatDrawing"/> 

        <includesFeature rdf:resource="&ms;SeatIDThroughHole"/> 

        <includesFeature rdf:resource="&ms;SeatODProfile"/> 

        <includesFeature rdf:resource="&ms;SeatPlanarSurface"/> 

        <includesFeature rdf:resource="&ms;SeatSlot"/> 

        <fromMaterial rdf:resource="&ms;SiliconCarbide"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatCorner --> 

    <owl:NamedIndividual rdf:about="&ms;SeatCorner"> 

        <rdf:type rdf:resource="&ms;CornerRadius"/> 

        <minFloorRadiusValue rdf:datatype="&rdfs;Literal">0.4</minFloorRadiusValue> 

        <floorRadiusValue rdf:datatype="&rdfs;Literal">0.5</floorRadiusValue> 

        <maxFloorRadiusValue rdf:datatype="&rdfs;Literal">0.6</maxFloorRadiusValue> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatCutOff --> 

    <owl:NamedIndividual rdf:about="&ms;SeatCutOff"> 

        <rdf:type rdf:resource="&ms;ODCutOffTube"/> 

        <maxWidthOfRemovedMaterialZone 

rdf:datatype="&rdfs;Literal">5</maxWidthOfRemovedMaterialZone> 

        <diameterOfInnerHole rdf:datatype="&rdfs;Literal">66</diameterOfInnerHole> 

        <diameterOfPlanarSplitFace 

rdf:datatype="&rdfs;Literal">85</diameterOfPlanarSplitFace> 

        <name rdf:datatype="&rdfs;Literal">Cut off part</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatDrawing --> 

    <owl:NamedIndividual rdf:about="&ms;SeatDrawing"> 

        <rdf:type rdf:resource="&ms;Drawing"/> 

        <fileSize rdf:datatype="&xsd;string">2.3M</fileSize> 

        <fileFormat rdf:datatype="&xsd;string">dxf</fileFormat> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatIDThroughHole --> 

    <owl:NamedIndividual rdf:about="&ms;SeatIDThroughHole"> 

        <rdf:type rdf:resource="&ms;IDSimpleThroughHole"/> 

        <lengthOfHole rdf:datatype="&rdfs;Literal">14.5</lengthOfHole> 

        <maxDepthOfCut rdf:datatype="&rdfs;Literal">2</maxDepthOfCut> 

        <diameterOfPredrilledHole 

rdf:datatype="&rdfs;Literal">66</diameterOfPredrilledHole> 

        <diameterOfHole rdf:datatype="&rdfs;Literal">68.4</diameterOfHole> 
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        <maxDiameterOfHole rdf:datatype="&rdfs;Literal">69.22</maxDiameterOfHole> 

        <qualityOfFace rdf:datatype="&rdfs;Literal">N9</qualityOfFace> 

        <name rdf:datatype="&xsd;string">SeatIDThroughHole</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatODProfile --> 

    <owl:NamedIndividual rdf:about="&ms;SeatODProfile"> 

        <rdf:type rdf:resource="&ms;ODIncreasingProfile"/> 

        <radiusOfSmallestConcaveProfileBlend 

rdf:datatype="&rdfs;Literal">0.5</radiusOfSmallestConcaveProfileBlend> 

        <lengthOfProfile rdf:datatype="&rdfs;Literal">14.5</lengthOfProfile> 

        <maxDepthOfCut rdf:datatype="&rdfs;Literal">2</maxDepthOfCut> 

        <stockInRadialDirection 

rdf:datatype="&rdfs;Literal">4.85</stockInRadialDirection> 

        <angleOfRisingFlank rdf:datatype="&rdfs;Literal">90</angleOfRisingFlank> 

        <qualityOfFace rdf:datatype="&rdfs;Literal">N7</qualityOfFace> 

        <name rdf:datatype="&xsd;string">SeatODProfile</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatPlanarSurface --> 

    <owl:NamedIndividual rdf:about="&ms;SeatPlanarSurface"> 

        <rdf:type rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <maxDepthOfCut rdf:datatype="&rdfs;Literal">2</maxDepthOfCut> 

        <stockInAxialDirection rdf:datatype="&rdfs;Literal">2.5</stockInAxialDirection> 

        <diameterOfInnerCylinder 

rdf:datatype="&rdfs;Literal">66</diameterOfInnerCylinder> 

        <diameterOfPlanarFace rdf:datatype="&rdfs;Literal">85</diameterOfPlanarFace> 

        <qualityOfFace rdf:datatype="&rdfs;Literal">N7</qualityOfFace> 

        <name rdf:datatype="&xsd;string">SeatPlanarSurface</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SeatSlot --> 

    <owl:NamedIndividual rdf:about="&ms;SeatSlot"> 

        <rdf:type rdf:resource="&ms;StraightSlot"/> 

        <widthOfSlot rdf:datatype="&rdfs;Literal">4</widthOfSlot> 

        <minWidthOfSlot rdf:datatype="&rdfs;Literal">4</minWidthOfSlot> 

        <maxWidthOfSlot rdf:datatype="&rdfs;Literal">4.3</maxWidthOfSlot> 

        <depthOfSlot rdf:datatype="&rdfs;Literal">4.8</depthOfSlot> 

        <angleOfWallValue rdf:datatype="&rdfs;Literal">90</angleOfWallValue> 

        <qualityOfWallSurface rdf:datatype="&rdfs;Literal">N9</qualityOfWallSurface> 

        <name rdf:datatype="&xsd;string">SeatSlot</name> 

        <hasCornerStyle rdf:resource="&ms;SeatCorner"/> 

    </owl:NamedIndividual> 
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  <!-- http://www.manunetwork.com/manuservice/v1#SetScrew --> 

    <owl:NamedIndividual rdf:about="&ms;SetScrew"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <partNumber rdf:datatype="&xsd;integer">133722205</partNumber> 

        <quantity rdf:datatype="&xsd;integer">6</quantity> 

        <drawingNumber>ISO4029-M6x8</drawingNumber> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftCutOff --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftCutOff"> 

        <rdf:type rdf:resource="&ms;ODCutOffTube"/> 

        <maxWidthOfRemovedMaterialZone 

rdf:datatype="&xsd;integer">5</maxWidthOfRemovedMaterialZone> 

        <diameterOfInnerHole 

rdf:datatype="&xsd;decimal">63.65</diameterOfInnerHole> 

        <diameterOfPlanarSplitFace 

rdf:datatype="&xsd;integer">88</diameterOfPlanarSplitFace> 

        <name>ShaftCutOff</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftFaceGroove --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftFaceGroove"> 

        <rdf:type rdf:resource="&ms;ODFaceGroove"/> 

        <minFloorRadiusOfFaceGroove 

rdf:datatype="&xsd;decimal">0.8</minFloorRadiusOfFaceGroove> 

        <maxWidthOfCut rdf:datatype="&xsd;integer">2</maxWidthOfCut> 

        <depthOfGroove rdf:datatype="&xsd;decimal">3.6</depthOfGroove> 

        <minDiameterOfAxialGroove 

rdf:datatype="&xsd;decimal">67.1</minDiameterOfAxialGroove> 

        <maxDiameterOfAxialGroove 

rdf:datatype="&xsd;integer">80</maxDiameterOfAxialGroove> 

        <name>ShaftFaceGroove</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftFaceGroove2 --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftFaceGroove2"> 

        <rdf:type rdf:resource="&ms;ODFaceGroove"/> 

        <minFloorRadiusOfFaceGroove 

rdf:datatype="&xsd;decimal">0.4</minFloorRadiusOfFaceGroove> 

        <maxWidthOfCut rdf:datatype="&xsd;integer">2</maxWidthOfCut> 

        <depthOfGroove rdf:datatype="&xsd;decimal">6.4</depthOfGroove> 

        <minDiameterOfAxialGroove 

rdf:datatype="&xsd;decimal">67.1</minDiameterOfAxialGroove> 
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        <maxDiameterOfAxialGroove 

rdf:datatype="&xsd;decimal">75.6</maxDiameterOfAxialGroove> 

        <name>ShaftFaceGroove2</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftHole --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftHole"> 

        <rdf:type rdf:resource="&ms;SimpleBlindHole"/> 

        <minLengthOfSurfaceQuality 

rdf:datatype="&xsd;integer">2</minLengthOfSurfaceQuality> 

        <minDiameterOfHole rdf:datatype="&xsd;decimal">2.972</minDiameterOfHole> 

        <maxDiameterOfHole 

rdf:datatype="&xsd;decimal">2.982</maxDiameterOfHole> 

        <diameterOfHole rdf:datatype="&xsd;integer">3</diameterOfHole> 

        <lengthOfHole rdf:datatype="&xsd;decimal">4.8</lengthOfHole> 

        <name>ShaftHole</name> 

        <qualityOfFace>N9</qualityOfFace> 

        <hasBottomStyle rdf:resource="&ms;ShaftHoleBottomStyle"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftHoleBottomStyle --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftHoleBottomStyle"> 

        <rdf:type rdf:resource="&ms;ConicalBottom"/> 

        <angleOfTip rdf:datatype="&xsd;integer">130</angleOfTip> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftIDEndGroove --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftIDEndGroove"> 

        <rdf:type rdf:resource="&ms;IDGroove"/> 

        <radiusOfSmallestConcaveBlend 

rdf:datatype="&xsd;decimal">0.5</radiusOfSmallestConcaveBlend> 

        <maxWidthOfCut rdf:datatype="&xsd;integer">2</maxWidthOfCut> 

        <depthOfGroove rdf:datatype="&xsd;decimal">2.275</depthOfGroove> 

        <grooveWidth rdf:datatype="&xsd;integer">3</grooveWidth> 

        <minGrooveWidth rdf:datatype="&xsd;integer">3</minGrooveWidth> 

        <maxGrooveWidth rdf:datatype="&xsd;decimal">3.1</maxGrooveWidth> 

        <innerDiameterOfCylinder 

rdf:datatype="&xsd;decimal">63.65</innerDiameterOfCylinder> 

        <distanceBetweenGrooveAndFrontFaceOfWorkpiece 

rdf:datatype="&xsd;integer">66</distanceBetweenGrooveAndFrontFaceOfWorkpiece

> 

        <name>ShaftIDEndGroove</name> 

    </owl:NamedIndividual> 
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    <!-- http://www.manunetwork.com/manuservice/v1#ShaftODEndGroove --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftODEndGroove"> 

        <rdf:type rdf:resource="&ms;ODGroove"/> 

        <radiusOfSmallestConcaveProfileBlend 

rdf:datatype="&xsd;decimal">0.5</radiusOfSmallestConcaveProfileBlend> 

        <depthOfGroove rdf:datatype="&xsd;decimal">0.85</depthOfGroove> 

        <minLengthOfCylindricalPartOfGroove 

rdf:datatype="&xsd;integer">1</minLengthOfCylindricalPartOfGroove> 

        <lengthOfCylindricalPartOfGroove 

rdf:datatype="&xsd;integer">1</lengthOfCylindricalPartOfGroove> 

        <maxLengthOfCylindricalPartOfGroove 

rdf:datatype="&xsd;decimal">1.1</maxLengthOfCylindricalPartOfGroove> 

        <maxWidthOfCut rdf:datatype="&xsd;integer">2</maxWidthOfCut> 

        <lengthOfProfile rdf:datatype="&xsd;decimal">2.7</lengthOfProfile> 

        <diameterOfGrooveFloorCylinder 

rdf:datatype="&xsd;decimal">65.4</diameterOfGrooveFloorCylinder> 

        <name>ShaftODEndGroove</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftODSurface --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftODSurface"> 

        <rdf:type rdf:resource="&ms;ODIncreasingProfile"/> 

        <radiusOfSmallestConcaveProfileBlend 

rdf:datatype="&xsd;decimal">0.5</radiusOfSmallestConcaveProfileBlend> 

        <stockInRadialDirection 

rdf:datatype="&xsd;decimal">10.45</stockInRadialDirection> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <lengthOfProfile rdf:datatype="&xsd;integer">47</lengthOfProfile> 

        <angleOfRisingFlank rdf:datatype="&xsd;integer">90</angleOfRisingFlank> 

        <qualityOfFace>N7</qualityOfFace> 

        <name>ShaftODSurface</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftPlanarSurface --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftPlanarSurface"> 

        <rdf:type rdf:resource="&ms;ODPlanarSurfaceFromTube"/> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <stockInAxialDirection rdf:datatype="&xsd;decimal">2.5</stockInAxialDirection> 

        <diameterOfInnerCylinder 

rdf:datatype="&xsd;integer">55</diameterOfInnerCylinder> 

        <diameterOfPlanarFace rdf:datatype="&xsd;integer">88</diameterOfPlanarFace> 

        <qualityOfWallSurface>N7</qualityOfWallSurface> 
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        <name>ShaftPlanarSurface</name> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftSleeve --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftSleeve"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">592452246</partNumber> 

        <name>ShaftSleeve</name> 

        <drawingNumber>ST290/2.500&quot;-1</drawingNumber> 

        <fromMaterial rdf:resource="&ms;DuplexSAF2205"/> 

        <includesFeature rdf:resource="&ms;ShaftFaceGroove"/> 

        <includesFeature rdf:resource="&ms;ShaftFaceGroove2"/> 

        <includesFeature rdf:resource="&ms;ShaftHole"/> 

        <includesFeature rdf:resource="&ms;ShaftIDEndGroove"/> 

        <includesFeature rdf:resource="&ms;ShaftODEndGroove"/> 

        <includesFeature rdf:resource="&ms;ShaftODSurface"/> 

        <includesFeature rdf:resource="&ms;ShaftPlanarSurface"/> 

        <includesFeature rdf:resource="&ms;ShaftSleeve"/> 

        <includesFeature rdf:resource="&ms;ShaftThroughHole"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftSleeveSubAssembly --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftSleeveSubAssembly"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">1</quantity> 

        <partNumber rdf:datatype="&xsd;integer">592452246</partNumber> 

        <drawingNumber>ST290/2.500-M</drawingNumber> 

        <hasSubWorkpiece rdf:resource="&ms;ShaftSleeve"/> 

        <hasSubWorkpiece rdf:resource="&ms;SquarePin"/> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#ShaftThroughHole --> 

    <owl:NamedIndividual rdf:about="&ms;ShaftThroughHole"> 

        <rdf:type rdf:resource="&ms;IDSimpleThroughHole"/> 

        <maxDepthOfCut rdf:datatype="&xsd;integer">2</maxDepthOfCut> 

        <diameterOfPredrilledHole 

rdf:datatype="&xsd;integer">55</diameterOfPredrilledHole> 

        <diameterOfHole rdf:datatype="&xsd;decimal">63.525</diameterOfHole> 

        <minDiameterOfHole 

rdf:datatype="&xsd;decimal">63.555</minDiameterOfHole> 

        <maxDiameterOfHole 

rdf:datatype="&xsd;decimal">63.629</maxDiameterOfHole> 
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        <lengthOfHole rdf:datatype="&xsd;integer">67</lengthOfHole> 

        <qualityOfWallSurface>N9</qualityOfWallSurface> 

        <name>ShaftThroughHole</name> 

    </owl:NamedIndividual> 

 <!-- http://www.manunetwork.com/manuservice/v1#SpringA --> 

    <owl:NamedIndividual rdf:about="&ms;SpringA"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">10</quantity> 

        <partNumber rdf:datatype="&xsd;integer">498211262</partNumber> 

        <drawingNumber>ST34.3-2</drawingNumber> 

    </owl:NamedIndividual> 

     

    <!-- http://www.manunetwork.com/manuservice/v1#SquarePin --> 

    <owl:NamedIndividual rdf:about="&ms;SquarePin"> 

        <rdf:type rdf:resource="&ms;Workpiece"/> 

        <quantity rdf:datatype="&xsd;integer">2</quantity> 

        <partNumber rdf:datatype="&xsd;integer">581237206</partNumber> 

        <drawingNumber>ST152-03</drawingNumber> 

    </owl:NamedIndividual> 

</rdf:RDF>
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