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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 

The main advantage of Computed Tomography is the capability of making measurements of non-accessible internal features in a 
test piece. One of the cases that can usually be found in this sense is the contact zone between two elements that are forming a 
common surface boundary, where the main complexity is to determine which surface belongs to which piece. Nowadays, this kind 
of surfaces are measurable only by utilizing Computed Tomography, taking into account that the characteristics of the Tomography 
can significantly vary depending on the material of the elements that are in contact. In this article a piece that has two different 
interfaces is analyzed: a Piece in contact with Air, and Material A in contact with Material B. Three different surface extraction 
algorithms are analyzed for multi-material parts, Threshold, Canny and Deriche, and the results and conclusions obtained are 
presented. 
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1. Introduction 

Computed Tomography (CT) for metrology applications is now a reality, since it is more and more applied in the 
current industry. Its main feature is the possibility of making measurements in non-accessible areas. When these 
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measurements are carried out, one of the main difficulties is the access to the transition between two different materials, 
so that any measurement in this type of areas is only possible by destructive tests unless tomographic techniques are 
used [1]. 

The basic function of CT scan is to generate a 3D model of a piece, obtained by means of the interaction of the X 
ray beam source, the work piece and the X ray detector. It is well known that one of the most critical issues is the 
surface extraction process, since it has an important influence in the accuracy in measurements. The most common 
surface extraction method for commercial CT System is based on gray value thresholding. This gray value is highly 
dependent on the material, the material interface and the radiation. Different to how it is in CT Medical applications, 
where the grey values are standardized in Hounsfield units, in industrial applications of CT this turns out to be 
impossible due to the great quantity of existing materials. When working in a mono-material piece, grey value 
definition is only needed for the piece and the air; however, in a multi-material piece this definition is much more 
complicated due to the numerous grey values needed, this being one for each material present in the piece. 

There are some studies for computer image and vision applications that evaluate this kind of methods but normally 
they utilized artificial images or images obtained in controlled conditions, which makes it very difficult to replicate 
with real tomography. In the other hand, there are some real metrological applications where the surface extraction is 
analyzed on multi-material parts. For instance, in [2-5] measurements between elements in direct contact to each other 
are made as well as measurements of gaps between different materials; and in [6] the changing material thickness is 
analyzed in order to know how this influences the remaining intensity after the radiation passes through the workpiece, 
being made by means of the fusion of multi-energy stacks. All the investigations mentioned before apply a surface 
extraction method based on grey value thresholding. For that reason, in this article two methods based on discontinuity 
detection are analyzed for the surface extraction process. 

The test part used in this article has three main features: 1) It has a mono-material zone with an interface of Material 
A in contact with Air, 2) it has a surface forming a common boundary of two elements which made another interfaces 
when Material A is in contact with Material B and 3) it has measures which are not influenced by the surface extraction 
algorithm. The specific problem present in the interface between materials is that the tomographic characteristics of 
this interface changes with respect to that air-piece reference when the air is substituted by different materials, 
producing an unlimited variety of combinations [7]. This aspect raises the need to analyze the behavior of the different 
segmentation algorithms in order to obtain metrological capabilities. Therefore, a multi-material workpiece is been 
designed with interfaces between materials. This piece has characteristics that are useful to analyze the influence of 
the use of the different algorithms on the surface extraction among other things because the effect of the other 
influences can be compensated.  

For the purposes of this investigation, a General Electric Computed Tomography (CT) system is utilized, and 
different surface extraction algorithms (Threshold, Canny and Deriche) are analyzed for multi-material parts. The 
piece of study is composed of two elements: male and female make of different materials. In each one of the sections 
the equipment utilized is presented, as well as the results and conclusions obtained. 

2. Methodology 

For the purposes of this research, there are some special considerations that must be taken into account in each of 
the stages in order to obtain a reliable and accurate measurement (example: Scaling factor correction and surface 
extraction procedures), explained in detail in [8,9]. Fig. 1 shows a summary of the procedure used. 
 

 

Fig. 1. Methodology. 
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2.1. Test Parts 

For this investigation two work pieces have been utilized. Both of them are composed of two slotted elements (male 
and female). The first piece is made of Polytetrafluoroethylene (PTFE) and Polyoxymethylene (POM). The 
Polytetrafluoroethylene or Teflon is considered to be one of the most versatile among plastic materials due to its many 
applications in what other materials cannot be utilized. It is a high temperature resistant material with a low friction 
coefficient, high resistance to the action of chemical agents and solvents, among other characteristics. The PTFE is 
often considered a thermostable polymer and it can be used in a continued process at any temperature between -200 
°C and +260 °C [10]. Polyoxymethylene, also known as acetal, polyacetal and polyformaldehyde, is a technical 
thermoplastic used in precision components that require high rigidity and excellent dimensional stability. POM 
characterizes for its high resistance, hardness and rigidity up to -40 °C (-40 °F). The most common applications for 
POM are sectors such as automotive, consumer electronics, heavy loads transport applications and on low temperatures 
[11]. Both elements have been assembled in a way in which a zone of them is not in direct contact with the other. In 
addition the contact zone is mounted by an adjustment without interference (see Fig. 2).  
 

 

Fig. 2. Part 1 TEFPOM. Male element is fabricated of PTFE and female of POM. 

The second part is made of PTFE and Polyvinyl chloride (PVC). PVC is a thermoplastics very durable and long 
lasting construction material which can be used in a variety of applications, either rigid or flexible, white or black and 
a wide range of colors in between. Due to its very nature, PVC is used widely in many industries and provides very 
many popular and necessary products [12]. Like other thermoplastics materials, the stress /strain response is dependent 
on both time and temperature. The mechanical properties of PVC are referenced at 20°C. Thermoplastics generally 
decrease in strength and increase in ductility as the temperature rises and design stresses must be adjusted accordingly 
[13]. From now on the part 1 will be named TEFPOM and the part 2 TEFPVC (Fig. 3). 
 

 

Fig. 3. Part 2 TEFPVC. Male element is fabricated of PTFE and female of PVC. 
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