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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.  
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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 

Maturity of augmented and virtual reality devices has considerably grown recently. As processes in the aviation 
industry are error prone and time consuming, efforts are made to implement these technologies to support human 
workers during inspection and maintenance. Nevertheless, varying process and device characteristics impede the 
selection of a suitable technology. A concept is presented to evaluate the potential of inspection and maintenance 
processes in the aviation industry regarding the use of mixed reality systems. Four different use cases are discussed 
applying augmented or virtual reality devices in an industrial context. 
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1. Introduction 

Technical advancement has led to the availability of powerful and reasonably low priced augmented (AR) and 
virtual reality (VR) devices for the consumer market. Moreover, AR and VR devices also have great potential for 
industrial applications. For instance, efforts are being made to implement AR based support systems for employee 
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training, remote maintenance or inspection and assembly processes [1–3]. Due to a high degree of worker centered 
processes, cognitive support systems in the aviation industry will continue to be particularly important in the future. 
Although studies show that the potential of AR and VR technologies is promising, an a priori assessment of the 
potential benefits for a concrete industrial process is difficult. Therefore, concepts for a methodological assessment of 
the potential are needed. 

2. Background 

AR and VR both are part of a wider field of technology called mixed reality (MR). MR describes different 
technologies blending the physical world with the digital world and exists between the extrema of completely real and 
virtual environments (See Fig. 1) [4]. In addition, MR visualization produces visual stimuli with a higher level of 
similarity to real-world stimuli compared to standard displays. This allows the user to make use of the abilities learned 
in the real world, e.g. detection of meaningful patterns, or qualitative judgement [5]. 

 

 
Fig. 1. Mixed reality continuum [4]. 

 
A variety of devices exist in the field of MR, such as AR tablets, Cave Automatic Virtual Environments (CAVE), 

head mounted displays (HMD), or AR projectors. These devices usually provide MR visualization as well as other 
basic functionalities especially for user interaction. In addition, tracked controllers, object recognition and tracking 
(e.g. hands) or haptic feedback can be integrated to support intuitive usability. By combining improved control and 
visualization, MR leads to optimized human-computer interaction. 

Regarding the aviation industry, inspection and maintenance processes are characterized by a high percentage of 
manual work steps [6], small lot sizes, a great variety of handled components and a considerable effort for 
documentation in combination with the need to reduce inspection and cycle times [7]. 

The possible application of different MR technologies as cognitive support systems especially for maintenance has 
been thoroughly investigated [5, 8–13]. Although these studies contribute to the general understanding of applying 
MR technologies industrially, an a priori assessment of the potential benefit for a concrete industrial process is difficult 
to determine.  

Elia has proposed a performance indicator for the application of AR devices in manufacturing based on 
technological and organizational criteria [14]. This expert based tool, however, allows only a feasibility study and no 
a priori estimation of potentials. In addition, the proposed tool does not help in the selection process of a specific MR 
device. 

It is therefore inevitable to further detail methodologies that support the estimation of potential benefits when 
planning to apply MR technologies for a specific process in order to facilitate human integration in future inspection 
and maintenance processes. 

 

3. Concept 

To estimate the potential of MR systems for inspection and maintenance processes, we propose to classify all 
involved components into three groups: object, model and human. Objects are all non-human real-world assets (e.g. 
workpieces, tools, and environment). The model contains all virtual assets (e.g. process model, documentation and 
design drawings). The human is the human worker to be supported by the support system. As described, MR provides 
an enhanced interface between digital data and human, due to improved visualization and controls. Therefore, we 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.promfg.2018.01.022&domain=pdf


	 Henrik Eschen  et al. / Procedia Manufacturing 19 (2018) 156–163� 157
 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Manufacturing 00 (2017) 000–000  
www.elsevier.com/locate/procedia 

  

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 6th International Conference on Through-life Engineering 
Services.  

6th International Conference on Through-life Engineering Services, TESConf 2017, 7-8 
November 2017, Bremen, Germany 

Augmented and Virtual Reality for Inspection and Maintenance 
Processes in the Aviation Industry 

Henrik Eschena*, Tobias Köttera, Rebecca Rodecka, Martin Harnischa and Thorsten 
Schüppstuhla  

aHamburg University of Technology, Institute for Aircraft Production Technology, Denickestr. 17, 21075 Hamburg, Germany  

Abstract 

Maturity of augmented and virtual reality devices has considerably grown recently. As processes in the aviation 
industry are error prone and time consuming, efforts are made to implement these technologies to support human 
workers during inspection and maintenance. Nevertheless, varying process and device characteristics impede the 
selection of a suitable technology. A concept is presented to evaluate the potential of inspection and maintenance 
processes in the aviation industry regarding the use of mixed reality systems. Four different use cases are discussed 
applying augmented or virtual reality devices in an industrial context. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 6th International Conference on Through-life Engineering 
Services. 

Keywords: Augmented Reality; Virtual Reality; Mixed Reality; Inspection; Maintenance, Aviation Industry 

1. Introduction 

Technical advancement has led to the availability of powerful and reasonably low priced augmented (AR) and 
virtual reality (VR) devices for the consumer market. Moreover, AR and VR devices also have great potential for 
industrial applications. For instance, efforts are being made to implement AR based support systems for employee 

 

 
* Corresponding author. Tel.: +49-40-42878-2504; fax: +49-40-42878-2500. 

E-mail address: henrik.eschen@tuhh.de 

 

Available online at www.sciencedirect.com 

ScienceDirect 

Procedia Manufacturing 00 (2017) 000–000  
www.elsevier.com/locate/procedia 

  

2351-9789 © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 6th International Conference on Through-life Engineering 
Services.  

6th International Conference on Through-life Engineering Services, TESConf 2017, 7-8 
November 2017, Bremen, Germany 

Augmented and Virtual Reality for Inspection and Maintenance 
Processes in the Aviation Industry 

Henrik Eschena*, Tobias Köttera, Rebecca Rodecka, Martin Harnischa and Thorsten 
Schüppstuhla  

aHamburg University of Technology, Institute for Aircraft Production Technology, Denickestr. 17, 21075 Hamburg, Germany  

Abstract 

Maturity of augmented and virtual reality devices has considerably grown recently. As processes in the aviation 
industry are error prone and time consuming, efforts are made to implement these technologies to support human 
workers during inspection and maintenance. Nevertheless, varying process and device characteristics impede the 
selection of a suitable technology. A concept is presented to evaluate the potential of inspection and maintenance 
processes in the aviation industry regarding the use of mixed reality systems. Four different use cases are discussed 
applying augmented or virtual reality devices in an industrial context. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 6th International Conference on Through-life Engineering 
Services. 

Keywords: Augmented Reality; Virtual Reality; Mixed Reality; Inspection; Maintenance, Aviation Industry 

1. Introduction 

Technical advancement has led to the availability of powerful and reasonably low priced augmented (AR) and 
virtual reality (VR) devices for the consumer market. Moreover, AR and VR devices also have great potential for 
industrial applications. For instance, efforts are being made to implement AR based support systems for employee 

 

 
* Corresponding author. Tel.: +49-40-42878-2504; fax: +49-40-42878-2500. 

E-mail address: henrik.eschen@tuhh.de 

2 Henrik Eschen et al. / Procedia Manufacturing  00 (2017) 000–000 

 

training, remote maintenance or inspection and assembly processes [1–3]. Due to a high degree of worker centered 
processes, cognitive support systems in the aviation industry will continue to be particularly important in the future. 
Although studies show that the potential of AR and VR technologies is promising, an a priori assessment of the 
potential benefits for a concrete industrial process is difficult. Therefore, concepts for a methodological assessment of 
the potential are needed. 

2. Background 

AR and VR both are part of a wider field of technology called mixed reality (MR). MR describes different 
technologies blending the physical world with the digital world and exists between the extrema of completely real and 
virtual environments (See Fig. 1) [4]. In addition, MR visualization produces visual stimuli with a higher level of 
similarity to real-world stimuli compared to standard displays. This allows the user to make use of the abilities learned 
in the real world, e.g. detection of meaningful patterns, or qualitative judgement [5]. 

 

 
Fig. 1. Mixed reality continuum [4]. 

 
A variety of devices exist in the field of MR, such as AR tablets, Cave Automatic Virtual Environments (CAVE), 

head mounted displays (HMD), or AR projectors. These devices usually provide MR visualization as well as other 
basic functionalities especially for user interaction. In addition, tracked controllers, object recognition and tracking 
(e.g. hands) or haptic feedback can be integrated to support intuitive usability. By combining improved control and 
visualization, MR leads to optimized human-computer interaction. 

Regarding the aviation industry, inspection and maintenance processes are characterized by a high percentage of 
manual work steps [6], small lot sizes, a great variety of handled components and a considerable effort for 
documentation in combination with the need to reduce inspection and cycle times [7]. 

The possible application of different MR technologies as cognitive support systems especially for maintenance has 
been thoroughly investigated [5, 8–13]. Although these studies contribute to the general understanding of applying 
MR technologies industrially, an a priori assessment of the potential benefit for a concrete industrial process is difficult 
to determine.  

Elia has proposed a performance indicator for the application of AR devices in manufacturing based on 
technological and organizational criteria [14]. This expert based tool, however, allows only a feasibility study and no 
a priori estimation of potentials. In addition, the proposed tool does not help in the selection process of a specific MR 
device. 

It is therefore inevitable to further detail methodologies that support the estimation of potential benefits when 
planning to apply MR technologies for a specific process in order to facilitate human integration in future inspection 
and maintenance processes. 

 

3. Concept 

To estimate the potential of MR systems for inspection and maintenance processes, we propose to classify all 
involved components into three groups: object, model and human. Objects are all non-human real-world assets (e.g. 
workpieces, tools, and environment). The model contains all virtual assets (e.g. process model, documentation and 
design drawings). The human is the human worker to be supported by the support system. As described, MR provides 
an enhanced interface between digital data and human, due to improved visualization and controls. Therefore, we 



Download English Version:

https://daneshyari.com/en/article/7545450

Download Persian Version:

https://daneshyari.com/article/7545450

Daneshyari.com

https://daneshyari.com/en/article/7545450
https://daneshyari.com/article/7545450
https://daneshyari.com

