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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 

Aluminium alloys (mainly 2XXX and 7XXX series) have been traditionally used in the industry in the manufacture of structural 
parts in aircrafts, due to their excellent ratio density-mechanical properties. Machining is commonly used in the manufacture of
these parts. In addition, the actual trend is machining in dry, due to environmental and economic reasons. Under these conditions,
surface integrity becomes one of the most important quality requirements applicable to machined parts. The micro and macro-
geometrical properties analysis of the dry machined surface as a function of the cutting parameters is widely studied. 
Notwithstanding, there is a lack of research in the field dedicated to the physicochemical properties. In this paper the feed influence 
on the ultimate tensile strength for UNS A97075 (Al-Zn) alloy turned in dry is presented, as a first approximation to the study of 
the influence of the cutting parameters on this mechanical property. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
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1. Introduction 

The sustainable manufacturing has three important core ideas: the economy, the environment and society. 
Nowadays, the sustainability has been mainly oriented to reduce the environment impact of the production systems, 
developing and promoting the noun as green production. Nevertheless, this production system sidelines the 
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functionality of the products obtained [1,2].  
So, it is necessary to consider the efficiency of the process in sake of the performance and add the Efficiency 

Tetrahedron concept: functional, energetic, environmental and economic. The four elements are interconnected with 
a center common element: the global efficiency [3,4]. 

One of the industrial sectors most involved in the change towards the application of the new concept of High 
Performance Manufacturing has been the Aeronautical industry. In recent years, the aeronautical production systems 
have been paying particular attention to clean production, even when this green production entails the assumption of 
a loss of economic performance, especially in highly energy-efficient contexts [5-7]. 

In addition, the manufacturing of aircrafts involves high safety levels. There are elements that required narrow 
margins of deviation in the design requirements, not only in their geometry but also in terms of physicochemical 
properties that mark their behavior in service [8,9]. 

Many of the high-demand parts are produced by machining processes like milling, turning and drilling. Aluminium 
and/or titanium alloys are used for strategic parts that can be structurally sensitive and are high-committed to the flight 
safety of the aircraft. In the particular case of aluminum alloys, which are the ones selected for the analysis presented 
in this paper, the increase in environmental performance has been established through the application of processes in 
which cutting fluids are removed (dry turning) [10-12]. 

These alloys have been used due to their excellent weight/physicochemical properties/cost. These materials meet 
the severe requirements for the strength required in structural elements of aircraft [13,14]. However, machining 
processes and its dry application can adversely affect the performance in service of the parts or components 
manufactured, decreasing the functional performance of the process, through the loss of quality or the surface integrity 
of the parts. [10,13,15]. The surface integrity can be defined as the properties that exhibit the surface of a material 
after any forming process and that are acquired and/or modified during the accomplishment of the same [16]. 

These surface properties can be analyzed from two points of view: geometric properties, with its micro and macro 
scale consideration, and physicochemical properties (Table 1), being able to improve or worsen the functional 
performance of the shaped element. The geometric properties have been widely studied [17-20], unlike the 
physicochemical properties [21,22]. Present work focus on the physicochemical characteristics, in particular in the 
mechanical properties, studding the influence of the feed, f, in the Ultimate Tensile Strength (UTS) of an aluminium 
alloy 97075 T6. This aluminum alloy is often used in the aircraft industry (7000 series, Al-Zn) along with the 2000 
series (Al-Cu) [13,14]. 

Table 1. Levels for the evaluation of the surface integrity [16] 

Geometric Physicochemical 

Microgeometric Macrogeometric  

Surface roughness Cylindricity Microhardness variation 

Microcraks Concentricity Fatigue strength 

Macrocraks Roundness UTS 

Particle adhesion Parallelism Residual stresses 

Others Others Others 

Almost all manufacturing processes generate residual stresses. They can be large enough to cause local creep or 
plastic deformation, both at the macroscopic and microscopic levels, which impacts negatively in the functional 
performance of the affected component. The mechanical properties considered are affected, among other 
circumstances, by machining processes. Changes in these properties are generally linked to the metallurgical state in 
which the machined part remains after the forming process. During machining, the surrounding material is elastically 
deformed to preserve dimensional continuity, and thus, residual stresses are created. The UTS can be significantly 
influenced by these stresses. The residual stresses can be defined as the stresses that remain in a material or body after 
a manufacturing process in the absence of external forces or thermal gradients. Different studies show that mainly the 
micro-geometric deviations and the residual stresses can affect other mechanical properties like fatigue and tensile 
strength, important parameters in this kind of workpieces [23,24]. So, this study starts with the analysis of the feed 
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influence on the UTS, being part of the current studies that are being carried out of superficial integrity of dry machined 
samples of this alloys in the University of Malaga (UMA – TEP-933) and University of Cadiz (UCA – TEP-027), in 
order to establish the methodology and expand the study with other analysis in the future.  

2. Materials and Methods 

To evaluate the influence of the cutting parameters in the UTS of the material selected, different test samples were 
machined and tested in a tensile-compression testing equipment.  

First, the specimen tests samples were obtained from UNS A97075 T6 Al-Zn alloy bars of diameter 20 mm and 
length 220 mm. The alloy composition tested is shown in Table 2.¡Error! No se encuentra el origen de la referencia.

Table 2. Composition of aluminium-zinc alloy UNS A97075 (% weight). 

Zn Mg Cu Cr Al Rest 

6.30 2.23 1.77 0.21 88.42 1.07 

The cylindrical samples for tensile testing (Fig. 1) were dry turned following the standard UNE-EN ISO 6892:2017 
“Metallic materials. Tensile testing. Part 1: Method of test at room temperature (ISO 6892-1: 2016” [25], using a 
turning CNC center.  

Fig. 1. Specimen geometry for tensile test according UNE-EN ISO 6892-1:2017.

The tools used in the tests were uncoated WC-Co inserts (ISO DCMT 11T308F2), (Fig. 2a). To ensure identical 
conditions in all the tests, a new cutting tool was used in the finishing process. The cutting speed (vc) and the depth of 
cut (ap) were stablished at 80 m/min and 1 mm respectively for all the tests performed. These values are within the 
range used in machining this alloy, in particular for the aeronautical applications. Present work analyses the influence 
of the feed (f) in the UTS due to its proven influence in the micro and macro-geometric parameters related to the 
superficial integrity, like Ra or shape deviations [9]. For each cutting parameters combination (Table 2), five samples 
were machined following the standard for tensile tests [26] (20 samples). Also, the chip generated in the process was 
collected for further analyses (Fig. 2b).

Fig. 2. (a) Cutting tool setup; (b) Chip generated in one of the tests.
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