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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

Additive manufacturing (AM) is being proposed as a revolutionary manufacturing technology, promising 
significant advantages both from a design and production perspective. One challenge is the disruptive nature of AM 
and its impact on all life cycle phases.   

This paper reports from a demonstrator project highlighting digitalization and process implications. A demonstrator 
tool was developed able to collectively capture and visualize different life cycle implications of AM products. Market 
expectations, technology characteristics and life cycle constraints were met in the demonstrator tool. Each individual 
part collected its own traceable data set, from design over manufacturing up to postproduction services. Key aspects 
demonstrated were 1) the need to represent any manufacturing and life cycle constraint already in design, 2) the need 
to integrate unique identifiers that build a digital twin and 3) the need to automate links between life cycle engineering 
steps. 
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1. Introduction 

The benefits offered by Additive Manufacturing (AM) technologies are attracting interest within the manufacturing 
industry. Among other benefits, AM allows to create complex internal geometries, improving both functionality and 
enabling new levels of topology optimization [1]. Furthermore, AM allows to create sophisticated features that 
improve aesthetics and can be customized to suit individual customer preferences [2]. These benefits make AM an 
interesting technology especially for through-life engineering service providers [3]. One example is by “Contracting 
for Availability” (CfA) within the UK defence industry. AM has the potential to delocalize manufacturing that can 
occur anywhere within a port, a support ship or an aircraft carrier. Moreover, having manufacturing capability on-
board allows the manufacturer to rapidly recover the product structure during repair [4]. 

While AM opens up new dimensions of the design space for product development, it comes with new sets of 
constraints and requirements that have yet to be explored. Such constraints are very different than conventional 
“design for X” (DfX) guidelines adopted today by engineers, which take into account lifecycle aspects already in the 
design activity. For example, established manufacturing methods and their limitations and implications such as 
injection moulding or machining lose their relevance [5]. At the same time, the freedom of AM reduces the need for 
Design for Assembly (DfA) [2]. Furthermore, because AM also allows for new and innovative maintenance and 
remanufacturing solutions such as the repair of turbine blades [6], it is considered to bring a major change in design 
paradigms [7]. In safety-critical industries, such as aerospace, this change requires the certification by authorities. 
These premises suggest the need for engineers to rethink their conceptual barriers, which are often tacit in many cases 
[8], when considering lifecycle aspects in the design of products for AM. These needs have to be translated into 
“Design for Additive Manufacturing” (DfAM) knowledge, tools, rules, processes, and methodologies [9]. In fact, 
insufficient understanding of DfAM is advocated to be one of the factors limiting the uptake of AM in industry. 

This study explores the challenges related to lifecycle design and management of AM technologies. The major 
finding is related to the need for designers to easily access information about lessons learned during the lifecycle 
design of AM components. In this way, a new knowledge base can rapidly be built inside the organization.  For this 
purpose, a product lifecycle data management system is proposed in cooperation with industry partners. A functional 
prototype [10], the DINA Demonstrator, was developed to illustrate and analyse the correlations between design 
choices, process parameters, product life and use for all relevant stakeholders. 

2. Research Method 

The results of this study come from the cross-analysis between literature and the empirical findings derived from 
a Swedish research project conducted in collaboration with industrial partners and research institutes. The study was 
organized around the following research questions:  
   

 RQ1: How can the uncertainties and unknowns about expected product behaviour for AM in the design phase be 
reduced? 

RQ2: How can the relevant stakeholders access the information they need to reduce those uncertainties?  
 
Literature was first reviewed with the objective to find recognized needs for the lifecycle design of AM products. 

Articles were retrieved from the SCOPUS database through searching for specific sets of keywords such as: 
key(“lifecycle design*” OR “design for”) AND key(“additive manufacturing” OR “3d printing”). This list of needs 
was further explored and refined by the interaction with industrial practitioners participating in the research project. 
The participants were industrial experts working in roles that relate to the management of AM technologies inside the 
organization, ranging from technology managers to design engineers and manufacturing specialists. The outcome of 
this phase was a condensed list of three needs to be addressed by methodological support. This was developed as a 
functional prototype [10]. The results were then presented to a consortium of stakeholders from industry and society, 
where feedback was gathered through interaction of the participants with the prototype. The development of the 
functional prototype was done following Action Research [11] and Design Thinking [10] approaches: repetitive 
versions of the prototype were presented to the practitioners in small groups under guidance. This prototype-based 
approach was chosen as it allows to collect feedback considering also the users’ emotional state, as well as their stated 
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and latent needs [10]. The main rationale for this choice was driven by the difficulty of running interviews as data 
collection method to understand the research problem, given the relatively novel design practices for AM established 
within the participating organizations.  

3. Literature analysis: needs for supporting the lifecycle design of AM products 

The literature analysis highlighted a number of critical needs important to support the successful design of AM 
products. Rapid optimization of AM process parameters is one of the earliest and most emphasized needs addressed 
in research. For example, AM applications have attempted to optimize process-related variables such as deposition 
rate to achieve quality and short lead times [12]. Researchers and practitioners have realized, however, that although 
these types of optimizations are still important, they have been applied to designs conceived for conventional 
manufacturing methods [13]. A greater advantage could be achieved by changing the designs so that they will be 
optimal when manufactured adopting AM [14]. In the context of Additive Manufacturing, a rapid development of 
design experience for this manufacturing technology inside the organization is stressed as a critical need for the 
successful uptake of AM in series production [15]. Digital technologies are therefore seen as a key enabler to inform 
designers about preferred directions for AM optimized designs. For example, [16] and [17] looked at software-based 
applications to generate support-free structures to avoid the long and tedious post-processing of AM designs. 
However, the ‘optimal design’ for AM is not straightforward: design choices create often trade-offs among multiple 
attributes of the product’s lifecycle [18]. For example, Zhang and Bernard [19] focus on the consequences of multiple 
AM designs (differentiated in terms of shape and orientation) manufactured in batch (differentiated in terms of 
placing) regarding build time, cost and part quality. Trade-offs between orientation choices and product performances 
in operation have also been explored [19]. Hence, literature emphasizes the critical need to easily access information 
about lifecycle implications of AM designs since the early phases. Technologies such as lifecycle data management 
[20] and visualization techniques [21] have the potential to support decision during design for AM. Due to the novelty 
and hence lack of information about the lifecycle behaviour of AM products, such technologies need to be extended. 
Literature stresses the need for effective collaborative information sharing between the design department and other 
organizational functions within – and even outside – the organization. The empirical study focused on exploring more 
in depth this last need, in order to arrive at the definition of a design support to improve decision making during the 
lifecycle design of AM products. 

4. Empirical study findings: the criticality of sharing AM knowledge during design 

From the interviews and interactions throughout the development and presentation of the product lifecycle data 
management system prototype, the following main needs were identified and subsequently addressed in the 
demonstrator. The main needs identified are also summarized in Table 1: 
 Easy accessibility of the entire product knowledge: this was seen by practitioners as a critical need especially when 

designing AM products for maintenance and repair. Furthermore, the ability to quickly adapt manufacturing 
parameters, as enabled by AM technology, according to feedback from later life cycle stages encourages to rethink 
the common design process. Instead of relying on generalised design guidelines, developers can access product 
behaviour and manufacturing process data and from there derive product specific design knowledge. This is 
especially valuable when the prototyping process is already included in the data collection. The availability of 
product development data, such as the design rationale or the product platform, for stakeholders downstream in the 
product life cycle was stressed as a critical factor to ease manufacturing or maintenance work and reduce the 
potential for errors in these fields. 

 Traceability of individual product information: All participants stressed the need for product traceability. 
Especially in the age of mass customization, it is of importance to be able to identify each product individually. 
The possibilities for individualized maintenance through AM were mentioned multiple times by the industrial 
practitioners. In this context, the need for traceability increases importance.  

 Automation of information flow:  The need for automation of the information flow between life-cycle steps and 
engineering was the main point to present with the demonstrator, which is illustrated below.  
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