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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 

In spite of the huge number of research studies around empirical surface roughness models, there is no methodology applied in 
industry to model and adapt accurately the surface roughness in machining operations. Any change of the process with respect to 
the initial conditions where the experiments were conducted implies an additional estimation error which difficulties the use of 
the model in the current process. This paper studies the portability of empirical models for surface roughness prediction in face 
milling operations. As portability problem, we refer to how a proper surface roughness model obtained from 
theoretical/experimental data under specific conditions decreases its performance when it is applied in a different environment. 
The work gives some guidance for future design of more robust surface roughness models. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 

Keywords: Machining; Design of Experiments; Surface Roughness; Model Error; Model Portability. 

1. Introduction 

In machining processes, the surface roughness of the machined parts is one of the most significant product quality 
characteristic. It is a key factor in evaluating the quality of a product and has a great importance on manufacturing 
costs and functional behavior of the machined parts in exploitation such as assemblability. The surface roughness 
also influences the tribological characteristics, the fatigue strength, the corrosion resistance and the aesthetic 
appearance of the machined parts. For instance, in aerospace industry high pressure hydraulic systems and fuel 
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injections systems in particular require high quality surfaces and precisely defined features, such as o-ring grooves in 
order to maintain system integrity [1]. Therefore, the lack of good surface quality fails to satisfy one of the most 
important technical requirements for mechanical products, while extremely high level of surface quality causes 
higher production costs and lower overall productivity of cutting operations [2]. 

Surface quality is directly related to cutting conditions and thus, it is of great importance to quantify the 
relationship between surface roughness and cutting parameters such as cutting speed, feed rate and depth of cut. 
However, surface roughness is not only influenced by these cutting parameters but also by a large number of factors 
such as cutting-tool wear, material characteristics, tool geometry, stability and stiffness of the machine tool - cutting 
tool - workpiece system, built-up edge, cutting fluid, etc [3] .  

Surface roughness is composed of two components: the first is the ideal or geometric finish, which is defined as 
the finish that would result from the geometry and kinematic motions of the tool and, the second is the natural (or 
inherent) finish, which results from tool wear, vibration and dynamics of the cutting process, work material effects 
such as residual stresses, inhomogeneity, built-up edge formation (BUE), and rupture at low cutting speeds. The 
ideal roughness can be calculated from the feed rate per tooth, the tool nose radius, and the tool lead angle and it is 
usually the predominant component of the finish in operations in which tool wear and cutting forces are low, for 
example, when machining aluminum alloys with diamond tools. Unlike the ideal finish, the natural component is 
difficult to predict in general and it is often the predominant component of the finish when machining steels and 
other hard materials with carbide tooling, or when machining inhomogeneous materials such as cast iron or powder 
metals [3]. Therefore, the ideal surface quality is not generally achieved even in the ideal cutting conditions and the 
prediction of surface roughness is usually not reliable in industrial practices. 

A large number of research studies have tried to model surface roughness according to these factors in order to 
predict surface roughness and optimize cutting parameters. The effect of axial and radial runout and its modelisation 
was described in Franco et al. [4] and later they expanded their study to analyze the back cutting effect on surface 
roughness [5]. The effect of machine-tool rigidity on the surface roughness generation was also investigated in [6] 
where it was observed that a good surface roughness for slender tools can be achieved provided the tooth passing 
frequency used in the milling process (and its harmonics) does not produce high frequency response values. 

Tool wear is probably the most common factor studied when surface roughness is critical. According to [7], 
higher roughness values are observed especially at the very early stage where the inserts are rather new. Afterwards 
due to the friction these inserts become wear and the radiuses of tool edges increases, therefore, the heights of feed 
marks decreases. However, in most operations when the tool wear value exceeds certain value, surface roughness 
tends to increase considerably [3]. 

The effect of coating layers and tool material on surface roughness was also studied in [8,9]. Nalbant et al. [8] 
analysed the effects of uncoated, PVD- and CVD-coated cemented carbide inserts and cutting parameters on surface 
roughness in CNC turning. In the experimentation it was observed that increasing the number of coating layers 
decreases the friction coefcient and parallely decreases the average surface roughness value of the workpiece. In [9] 
two types of inserts with the same geometry and substrate but different coating layers were used to evaluate the 
effects of two coating layers as well as the cutting parameters onto the surface roughness. In this research the authors 
found out that surface roughness values were significant lower when employing PVD coated (TiAlN) inserts instead 
of CVD coated (TiCN+Al2O3+TiN). 

It is also well-known that the cutting-tool geometry such as lead angle, relief angle, rake angle, nose radius, tool 
facet or wiper geometry are well-known parameters that may influence on surface roughness generation as it is 
shown in several technical data [10,11]. Some of these parameters have been also considered by researchers in order 
to analyze and model surface roughness under different cutting conditions. For instance, Grzesik [12] studied the 
effect of different shaped ceramic tools on surface roughness in hard turning, and Ozel et al. [13] also analysed the 
cutting edge geometry (honed edges) effect on surface roughness. 

The cutting parameters and their effect on surface roughness is also well-known and it is reported in machining 
handbooks and technical data from vendors [10,11]. In [9] it is shown how increasing cutting speed improves surface 
quality since it reduces cutting forces together with the effect on natural frequency and vibration. Furthermore, too 
low cutting speeds may produce material adhesion at the inserts (built up edge) increasing surface quality [14]. A 
critical aspect in cutting parameters is the feed rate and its relation on the minimum undeformed chip thickness. 
Surface prole presents more uctuations as feed decreases, which can be explained by the inuence of the 
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undeformed chip thickness. As feed decreases, smaller values of undeformed chip thickness are obtained and chip 
removal becomes more difficult. In such circumstances, there is a higher tendency towards elastic and plastic 
deformation of the workpiece surface, which involves more uctuations at the surface prole. 

Depth of cut is another cutting parameter that may have an impact on surface roughness. In [15], it was reported 
that surface roughness increases rapidly with the increase in feed rate and decreases with an increase in 
cutting speed, but the effect of depth of cut was not regular. Cakir [9] also reported that the depth of cut has 
an insignificant effect on surface roughness, however, Darwish [16] reported that this effect was important, 
and the greater is the depth of cut the lower is the surface roughness. 

The effect of workpiece material on surface roughness was also analysed in [17,18]. Desale et al. [17] found out 
that the influence of workpiece material hardness on surface finish is significant. Routara et al. [18] found in their 
experimentation that cutting parameters (spindle speed, depth of cut and feed rate) have a significant effect on 
roughness parameters but their influence vary with the nature of workpiece material (steel, aluminium and brass). 
Thus, the surface roughness model based on response surface had to be specific to the workpiece material. 

The coolant effect is another cutting parameter that has been studied in detail in different researches. In [19] it is 
reported the effect of different lubricant environments (flooded lubricant, minimum quantity lubricant, and dry 
conditions) when 6061 aluminium alloy is machined with diamond-coated carbide tools. In the experimentation it 
was observed that the surface roughness could be improved according to the application of coolant. The 
improvement in surface finish was attributed to the reduction in the material transfer onto the machined surface. 
Yalcin et al. [20] reported similar results when machining soft materials with different coolant strategies. They found 
out that dry cutting for soft materials milling operation cannot be used for HSS tool due to adhesion tendency for 
soft materials. Coolant strategies are also related to the formation of built up edge and surface quality. In [20] it was 
reported that air cooling process can minimize build-up-edge occurred during soft material milling in comparison 
with other strategies.  

 

 

Fig. 1. Description of the portability problem. 

In spite of the huge number of research studies around empirical surface roughness models, there is no 
methodology applied in industry to model and adapt accurately the surface roughness in machining operations. Any 
change of the process with respect to the initial where the experiments were conducted implies an additional 
prediction error which difficulties the use of the model in the current process. Few works have presented methods for 
adapting empirical models due to changes in the process. This paper studies the portability of theoretical/empirical 
models for surface roughness prediction in face milling operations. As portability problem, illustrated in Fig. 1, we 
refer to how a proper surface roughness model obtained from theoretical/experimental data in a specific environment 
decreases its performance when it is applied in a different environment. 
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