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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 

This paper suggests a methodology to study the tribology of the titanium alloy TI6Al4V with different coated CW pins. A huge 
range of pin-on-disc tests were run to establish an accurate method to obtained useful information about friction phenomenon to 
be considered in forming processes as Single Point Incremental Forming and in the Machining of titanium alloys whereas this 
friction system is acting in. Combining diverse parameters as sliding speed, normal force and sliding length it is possible to evaluate 
the evolution of the friction coefficient and the tool wear under different lubricant conditions. In all cases, large length tests allowed 
more suitable results than short length ones to analyze the tribological behavior of the different tested pairs. Post-test study of the 
pin surface was developed in order to evaluate the material transfer and the tool wear. In this way, it was possible to link the friction 
coefficient whit bare CW pins. The use of a lubricant fluid increases the friction coefficient value while reduces the tool wear. 
© 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 Ti6Al4V alloy is widely applied and plays an important role in biomedical and aerospace fields [1-4]. However, 
machining and forming of the titanium alloys are important problems facing these industries today, due to the intrinsic 
characteristics of this material and its complex machinability and poor formability [4-8]. It is also known that this 
titanium alloy owns poor tribological properties [2,8,9], giving rise high friction coefficients and high wear rate. In a 
sliding process, the surfaces in contact sometimes find the problem of the material that is strongly related to their 
characteristics and the contact conditions. The surface roughness of the pieces usually causes friction generated 
between the tool and the chip. In this way, the use of coated inserts has important benefits in the machining processes 
or forming processes, but not all types of coatings are suitable for every application with titanium alloys. Thus, it is 
important to take into account the chemical affinity of the tool with the titanium alloy to be processed [10]. 

Likewise, process temperature and chemical reactivity of the acting materials has a significant influence in the tool 
wear. In literature there are some authors who have applied different types of PVD coatings to reduce the wear rate of 
Ti6Al4V alloy [11, 12], but the tribological parameters are not necessarily related to the real machining parameters 
[13, 14].  

In this work, different tests have been designed to develop a suitable methodology for measuring the coefficient of 
friction, COF, and the tool wear under different tribological conditions. Three CW pins were selected to develop the 
study. Two of them were covered with diverse PVD commercial coatings (TiN, (Al,Ti)N) and the other one was 
uncovered. The tribological pairs were carried out under dry and lubricant conditions at room temperature to evaluate 
the differences on friction and tool wear. Some tests were made in warm condition, 300ºC in order to check the 
influence of the temperature in the friction process.   

2. Methodology and Experimental Procedure 

The titanium alloy Ti6Al4V is the metal alloy object of this research. In this way, diverse tribological tests were 
evaluated to study the wear behaviour between Ti6Al4V sheets and different commercial machining tool inserts. The 
selected pins were made of three different types of turning inserts, H13A, 1105 and 4025, supplied by Sandvik-
Coromant®. The external surface of these CW tools are recovered of (Ti, Al) N2 and TiN, respectively. Thus, it was 
necessary to develop a specific pin-holder as it is shown in Figure 1 a.  

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. (a) pin-on-disk tribometer;  (b) view of pin-holder. 
 
Tribological tests were carried out in a pin-on-disk tribometer. The experiments were designed taking into account 

diverse parameters as the normal force (N), the length of the assay (m), the sliding speed (m/min) and the initial 
temperature of the process (°C). Parameter combinations allowed classifying the experiments in two groups, long 
distance tests and short distance tests. Nevertheless, the main factor which stablished the difference between both was 
the length of the assay. Thus, long tests included experiments with lengths around 500m or 1000m whereas short ones 
were related to lengths lower than 20m.  
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The temperature of the process was monitored with a thermocouple type K. In this way, it was possible to know 
the evolution of the temperature during the tribological experiments. In spite of most tests were developed at room 
temperature, some tests with an initial temperature of 300°C were designed. The thermocouple was fixed close to the 
pin contact surface, as it can be seen in Figure 1 b.  

Pin-on-disk experiments were performed under dry and lubricated conditions. Molybdenum disulphide (MoS2) was 
used as solid lubricant in some of the tests and was applied as a thin layer of 215.7g/m2 on the titanium alloy surface. 
1ml of high-temperature oil SAE 5W-30 was applied in some tests. Likewise, 0.1 g of mixture between oil SAE 5W-
30 and MoS2 was used as well as a lubricant fluid in other tests. The dispersion was composed of a 5% of MoS2 in oil 
and was mixed until it turned into a homogeneous combination. In these two last cases the lubricant, oil or dispersion, 
were uniformly applied with a brush in a ring defined by two circumferences of a diameter of 81 mm and 43 mm, 
respectively. 

The normal force and the sliding speed selected were 50N and 0.55 m/s, respectively. The coefficient of friction 
was recorded during each assay and the evolution of the temperature in the contact point pin-sheet too. Tool wear was 
evaluated using an optical microscope and a 3D profilometer (Taylor Hobson Precision Form Talysurf 5.0) with an 
inductive pick-up. Optical microscope technique was useful to generate a primary evaluation about the state of the 
tool wear. Therefore, it was possible to observe titanium alloy adhesions on the pin right after the different tribological 
tests.  

On the other hand, the 3D profilometer was used to measure the surface profile taking into account a Gaussian 
filter of 0.8 mm for eliminating the waviness in measurements. A comprehensive knowledge of the pin wear was 
performed making use of the roughness parameters derived from the corresponding measurements. 

 

3. Results and Discussion 

The methodology was developed since a huge range of experiments which allowed to establish a suitable evaluation 
of the tests. Combining the selected parameters made possible to compare the results and to establish an appropriate 
method to measure the friction coefficient, COF, and the tool wear. Table I summarizes the experiments, stabling 
differences between the sliding distance selected according to the mentioned above. 

 
                                 Table 1. Design of short tests and long tests. 

SHORT TESTS 
Lubrication conditions           Type of pin Sliding length (m) 

Dry 4025 1 
Dry 2 
Dry 10 

LONG TESTS
Lubrication conditions Type of pin Sliding length (m) 

Dry H13A 4025 1105 500 
MoS2 solid 500 

Oil SAE 5W-30 500 
Oil + MoS2 500 

 

3.1. Evaluation of friction coefficient 

The corresponding results for the GC4025 pin short tests are shown in Figure 2.  Short tests were the first 
experiments that were run to study the tribological behaviour of the different tools. The results which were obtain 
from the tribometer revealed that the length selected in this kind of tests was not enough to know the complete 
evolution of the friction coefficient during the process. 
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