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1.
ABSTRACT
Much has been written about the benefits of additive layer manufacturing for the production of end use part otherwise known as Rapid Manufacturing (RM), as an alternative to moulding or machining or in the manufacture of increasing complex geometries. Other additive manufacturing benefits have also been discussed in the fields of materials science and mass personalisation. This paper looks beyond the scientific and physical benefits of additive manufacturing into the more practical implications of implementing RM into the main stream production environment.
The paper starts by discussing the current position of RM within the global manufacturing economy. The paper then discusses the development of a simple iterative stage methodology for RM, which can be implemented by businesses based on a six step approach. It is suggested that this could then accelerate companies through the technology selection, justification and implementation of RM, either through technology purchase or the establishment of dedicated RM supply chains.
The paper is the result of the author’s engagement in both academic research projects as an industrial partner, and through experience implementing RM technologies into both end use companies and European regional technology centres.
2.
INTRODUCTION

Rapid Manufacturing (RM) is one of a number of applications for component parts made using ‘Additive Layer Manufacturing’ (ALM) processes [1]. Other commercial applications for ALM within industry, include the manufacture of prototypes, know as rapid prototyping [2], tool cores and cavities, know as rapid tooling [3], and in the manufacture of patterns for a range of casting processes, known as rapid casting [4].

In recent years however, there has been an increase in the number of additive layer manufactured parts used for end use applications or RM. Examples of RM applications include aerospace components [5], automotive applications [6], medical applications [7], motorsport parts [8], and consumer products, such as light shades [9], furniture and football boots [10]. However, although RM has been identified as the possible catalyst for a ‘new industrial revolution for the digital age’ [11], its up-take appears conservative, when put into the context of the global manufacturing economy. 
2.1
RM market value
Although no figures are currently available to calculate the ‘value added’ by RM within the global manufacturing economy, it is possible to calculate the total expenditure associated with RM, through the extrapolation of prior published research. According to industry analysts Wohler’s associates, the 2006 ALM industry was estimated at $935-million, including both products and services [12]. Of this, 9.6% was attributed to RM applications [13]. It could therefore be argued that RM accounted for over $89-million of industrial activity in 2006. If we look back further at prior published data [12][13], we find that the percentage of RM as a function of all ALM has been growing at a rate of approximately 1.5% per annum, and that ALM has been growing at a rate of approximately $200-million per year. We could therefore assume that by 2010 (at these growth rates) the RM market would be worth in the order of $270-million. Although this figure sounds impressive, it must be put into context within the global manufacturing economy.
2.2
The global manufacturing economy

According to the most recent World Bank development indicators, the total value of all global manufacturing ‘value added’ (based on 2002 data, released in 2006) was estimated to be $5.4 trillion ($5,446,980-million) [14]. However, this figure accounts for all types of manufacturing activity including food and beverages, tobacco, textiles, clothing, machinery, instrumentation and transportation. If we consider the manufacturing applications suited to RM, with the exception of a small element of clothing and footwear manufacture, additive technologies are almost wholly aligned to the machinery, instrumentation and transportation manufacturing supply chains. 
More detailed analysis of the world development indicators suggests that globally, 23% of all manufacturing is attributed to machinery, instrumentation and transportation supply chains. Hence, we could assume that RM as a disruptive and enabling technology sits within a $1.3 trillion marketplace. The questions must therefore be asked, how much of this market place could RM support, and over what time frame are we likely to see a transition.
2.3
Stimulating RM growth
Because of the socioeconomic benefits of RM, its potential as an emerging technology has raised the interest of governments. According to the European Union Framework seven - nanotechnologies, materials and production call for proposals, the EU government would like to see RM replacing between 5% and 15% of conventional production processes within the next 5 to 10-years [15]. Again, using data from the World Bank [12], we find that the machinery, instrumentation and transportation supply chains in Europe was last estimated in 2002 to be worth $295,225 million. Hence, we could assume that by 2017, RM activities within the EU alone could account for $44,283 million of value added. 

To achieve this exponential growth, research funding has been allocated by both national and EU governments for the development of ALM technologies for RM applications. Research funding will be used to improve the accuracy and repeatability of processes, the functionality of materials and the production throughput of systems. However, it is questionable whether technology developments alone will be enough to stimulate this rapid transition from traditional production technologies to ALM technologies, producing RM parts over the next decade.
It is suggested by the author that in addition to the development of new and improved ALM technologies,  a number of ‘softer’ management tools must also be developed and adopted, if RM is to stimulate ‘an industrial revolution for the digital age’. One such ‘soft tool’ is a structured RM implementation methodology, what can be used by companies looking to procure both RM hardware and RM parts. 
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