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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 

Aluminum alloys are widely used in the manufacturing of structural parts in aeronautical industry. During machining the surface
of machined parts suffers various alterations, not only geometric but also physicochemical changes, especially when it is done in 
dry. Some of these changes in surface integrity may affect their fatigue behavior. In this work, an experimental methodology to
study the influence of cutting parameters on fatigue life of dry turned aluminum alloys has been proposed. It is necessary to point
out that in this work only the design stage of this methodology has been exposed. Its validation and first results are left for further 
works. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017.
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1. Introduction 

Aluminum alloys are widely used in the manufacturing of structural parts in aeronautical industry, mainly 2000 
and 7000 series, due to their high strength-density ratio. These parts are usually placed in critical areas of an aircraft, 
so strong quality requirements are demanded [1].  
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Among the different process used in the manufacturing of these parts, machining is frequently applied. One of the 
most relevant quality requirements in machined parts is related to the surface integrity. When a part is machined its 
surface achieves new properties and characteristic compared to the initial one. These surface alterations affect not 
only to the geometrical properties obtained (macro and micro scale) but also to the physicochemical properties of the 
machined surface [2,3]. So, different levels can be taking into account to evaluate surface integrity, Table 1 [4,5]. 

Table 1. Levels to evaluate surface integrity.  

Microgeometrical Macrogeometrical Physicochemical 

Surface roughness Cylindricity Residual stress 

Macrocraks Concentricity Micro-hardness 

Microcraks Roundness Fatigue resistance 

Surface ripples Straightness Corrosion resistance 

Particles adhesion Parallelism Phase transformation 

Superficial tears Radial oscillation Plastic deformation 

(among others) Total oscillation Tensile strength 

 (among others) (among others) 

In addition, nowadays the machining operations are usually performed in dry by environmental reasons [6]. Under 
these conditions surface integrity is strongly affected and the design quality requirements could be difficult to achieve 
[7,8].  

In the particular case of aeronautical aluminum alloys, several research can be found in the literature focused on 
the analysis of the behaviour of geometric deviations as a function of the input variables of the machining process. 
However, there is a lack of research devoted to the analysis of the physicochemical properties of the machined surface 
(micro-hardness, residual stresses, corrosion resistance, fatigue resistance…) as a function of the cutting parameters, 
despite its great influence on the functionality of the machined parts [9-12].  

Fatigue life is one of the most important properties to take into account in the service behaviour of structural parts 
in aircrafts. The fatigue life of a machined part depends strongly on its surface condition. Fatigue cracks generally 
start from free surfaces, where the highest loads are applied and the environmental effects are stronger (stress 
concentration, oxidation, loss of alloy elements, …). 

On the other hand, several researches have demonstrated the strong influence of cutting parameters, mainly feed 
rate, on geometrical properties of aluminum alloys machined parts. So, it could be thought that mechanical properties 
(i.e. fatigue life) are influenced by cutting parameters [13,14]. It is necessary to highlight that this kind of analysis is 
strongly demanded by the industry, with the aim to improve the manufacturing performance of this parts, from a 
functional, economical, energetic and environmental point of view [15,16]. 

The necessary initial stage to start this kind of analysis is to develop an experimental methodology which allows 
to analyse the influence of cutting parameters on fatigue behaviour of machined parts. Thereby, in this work an 
experimental methodology to study the influence of cutting parameters on fatigue life of dry turned aluminum alloys 
has been proposed. It is necessary to emphasize that only the design stage of this methodology has been exposed in 
the present work, leaving for future works the validation of the results. 

2. Experimental methodology 

First of all, an analysis of the different standards which allow to study the fatigue behaviour of materials has been 
carried out. Table 2 shows the different standards taken into account.  
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Table 2. Fatigue tests and associated standards [17-20]. 

Fatigue test behaviour Standard 

Rotating bar bending test ISO 1143:2010 

Axial force controlled method ISO 1099:2006 

Axial strain controlled method ISO 12106:2003 

Torque controlled fatigue testing ISO 1352:2011 

Among these international standards, the rotating bar bending test (ISO 1143:2010) is frequently used because of 
its ease and quickness of implementation and low requirements in equipment. The needed equipment can be design 
as exposed in this standard, as well as the geometry of the test specimen and its dimensional and geometrical 
tolerances, or the loading system. 

Due to the lack of this equipment in the University of Malaga, a rotating bar bending fatigue testing machine has 
been design and manufactured using different elements available in any machine tools workshop. A simplified scheme 
of the machine is shown in Fig. 1a. Fig. 1b shows the real manufactured machine. Among the different tests given in 
the ISO 1143:2010 standard, this machine has been designed to perform the cantilever single point loading test. 

Fatigue life of materials are studied in function of two parameters: Cycle of life (N) and load applied (S). So, the 
testing machine has been designed considering the possibility of use of different loads and rotational speeds.  

In order to make it possible the selection of different speeds (to increase or reduce N), a horizontal turning lathe 
has been adapted (model Pinacho S-90/180). This machine can work with different rotational speeds (from 30 r/min 
to 2.000 r/min).  

As it can be observed in Fig. 2, two different fastening elements have been implemented to hold the test specimen. 
One of them allows holding it to the chuck, making possible the rotation of the test bar. The other one, located at the 
opposite end, allows the application of the single load. 

To ensure the rotation with negligible vibrations in the test bar, a Morse taper 2 has been used in the chuck to hold 
the part. High rotational speeds reduce the time testing but increase the vibrations in the testing bar which may affect 
testing results. Notwithstanding, the higher rotational speed to be applied, 2.000 r/min, is not enough to generate 
several vibrations which may result in wrong tests [13].  

 

 

a) b) 

 Fig. 1. a) Simplified scheme of the fatigue testing machine; b) real development. 

In Fig. 3, the fastening system implemented to hold the other extreme of the test specimen and to apply the single 
load can be observed. The single load applied to the testing bar is perpendicular to the rotation axis. An orientable 
bearing avoids the load displacement in the perpendicular direction to the rotation axis. For this purpose, the end 
section of the calibrated zone has been reduced and a threaded joint has been implemented, limiting the movement of 
the bearing in one direction.  
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