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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 

The machining with compressed air cooling has been identified as an environmentally conscious process. Its good performance 
has been achieved in materials as titanium alloys or aluminum alloys, but composites have not been explored. This work presents
a first study related to evolution of thrust forces during the tapping process in reinforced polyamide with glass fiber, in particular 
PA66-GF30, when the tool cooling is considered. The experimental methodology was carried out by tapping operations in plates 
of PA66-GF30, using a drilling center. The experimental tests were executed using compressed air cooling by means of a vortex-
tube cooling, in dry. Taps are of high-speed-steel with cobalt as base material and with coating; their geometry and dimensions
are M12x1.75 mm. Outcomes obtained confirm that the methodology is appropriate in the tapping process of PA66-GF30. The 
tool cooling provides a reduction of thrust forces, although it is conditioned by type of tap and the coating. 
© 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 

Recently, environmentally friendly manufacturing processes have being studied under different perspectives. It is 
possible to find in the academic literature, researches about the influence the tools in the consumed energy and 
associated CO2 emission [1] or only focused on the required energy on the machining of materials as PEEK-GF30 
[2-3], or in the analysis of machining parameters [4]. Moreover efforts have been carried out in the development and 
analysis of innovations processes related to the refrigeration [5-7]. In this sense, the machining with compressed air 
cooling has been identified by Shokrani et al. [5] as an environmentally conscious process. Its good performance has 
been achieved in materials as titanium alloys [6] or aluminum alloys [7]. 

In the machining, the forces studied frequently because they influence on the machine stability and in the process 
energy, and they are subjected to variations according to process conditions [8] as can be seen in tapping processes 
[9]. On the other hand, the composite, reinforces polyamide with glass fiber, PA66-GF30 is a material increasingly 
studied by its industrial use. Its behavior in machining process as turning [10] or drilling [11] has been analyzed, but 
not in tapping process. 

Therefore, this work presents a first study related to evolution of thrust forces during the tapping process in 
reinforced polyamide with glass fiber, in particular PA66-GF30, when the tool cooling is considered. 

2. Experimental Procedure 

The experimental methodology was carried out by tapping operations in plates of PA66-GF30, using a drilling 
center; the main mechanical proprieties of PA66-GF30 can be seen in Table 1. The thrust forces have been measured 
by a Kistler piezoelectric dynamometer and captured by Dasylab software [12]. 

The experimental tests were executed using compressed air cooling by means of a vortex-tube cooling, in dry (see 
Fig. 1.a). The data has been taken at room temperature and at 15 ºC. Taps are of high-speed-steel with cobalt as base 
material and with coating; their geometry and dimensions are M12x1.75 mm (see Fig. 1.b and Table 2). 

Table 1. Mechanical proprieties of PA66-GF30. 

Proprieties Value 

Density (kg/m3) 1350 

Rockwell hardness M 75 

Tensile strength (MPa) 93.1 

Compression strength (MPa) 124 

Table 2. Characteristics of tools. 

 Tool T1 Tool T2 Tool T3 Tool T4 

Tool material HSS-E HSS-E HSS-E HSS-E 

Coating TiN AlCrN TiN AlCrN 

Number of flutes 5 5 4 4 

Chamfer form C C B B 

Class of Fit 6HX 6HX 6H 6H 

In these tests, the cutting speed performed takes the following values, 10, 20 and 30 m/min. For each cutting 
speed and each tap, three tests have been carried out. Thus, the average of three forces has been considered in the 
posterior Section. 
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Fig. 1. (a) Tapping with vortex-tube cooling; (b) taps used.

3. Results and discussion 

Tables 3, 4, 5 and 6 show the results obtained during the tapping process using each tap. Note that T1 and T2 
have the same geometry and so does T3 and T4. 

In Table 3 can be observed the trust forces obtained with T1 tap at room temperature and at –15 ºC. The results 
show that the thrust forces are reduced when the cutting sped is augmented, in the considered range, and at both 
temperatures. Moreover, the forces are higher at –15 ºC than at room temperature. 

While using T2 tap at room temperature (Table 4), these forces do not present the same trend, and at –15 ºC, 
unlike at room temperature, the forces increase with superior cutting speeds. At room temperature, higher forces can 
be observed; the AlCrN coating has provoked this increase respect to the TiN coating. With this tap, the cooling has 
provoked a reduction of the forces, being of interest a deeper study of the AlCrN coated tools  

Respect to taps type T1 and T2, with the same geometry - chamfer form C- T1 results more convenient at room 
temperature and T2 give them at –15 ºC, as can be seen in a clearer manner in Fig. 2. In it, at cooling temperature 
and with T1, the wide variation in the forces caused by the change in velocity can also be observed. A possible 
explanation of better behaviour could be that the friction has been increased with the cooling and this can be 
contrasted with an increment of speed. This event does not occur with AlCrN, probably, because the influence of 
speed is lower. 

Table 3. Thrust forces with T1 tap. 

Tap coating Cutting speed (m/min) Temperature (ºC) Ft (N) 

TiN 10 Room temperature 23.01 

TiN 20 Room temperature 22.06 

TiN 30 Room temperature 21.39 

TiN 10 -15 ºC 30.12 

TiN 20 --15 ºC 26.74 

TiN 30 -15 ºC 23.31 
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