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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 

Coatings having high hardness and low coefficient of friction are significant for long service life of engineering components 
subjected to sliding wear. Some useful applications of such coatings are in various engine components including aerospace 
industries. Laser surface engineering has promising process characteristics for changing surface properties. In this concern, using 
laser cladding process hard and low friction coatings were developed on Ti-6Al-4V for improving sliding behavior of its 
components. To carry out the experimental investigations, the pre-placed powder mixture of B4C, hBN and Ti were used on the 
Ti-6Al-4V substrates and subsequently laser irradiated to form the improved surface properties. The coatings were developed 
with a wide range of laser scan speeds. Physical and mechanical characterizations of all samples were done rigorously. For some 
laser-scan-speeds in the range of studies, developed coatings resulted in very high hardness about 2200 HV. The dry sliding wear 
tests (against WC ball at 10 N loading) indicated a very low coefficient of friction of about 0.1 to 0.16 for the coatings. The 
problems experienced during development of the in-situ coatings are highlighted in the paper. 
 
© 2017The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 2nd International Conference on Materials 
Manufacturing and Design Engineering. 

Keywords:Ultra-low-friction, hard coating, laser cladding, Ti-6Al-4V, in-situ MMC 

1. Introduction 

Ti and Ti super alloys are important in ‘light weight high strength’ applications and highly demanding materials 
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in aerospace, automotive, power generation industries. Beyond high specific strength, Ti has promising bulk 
material characteristics, significant fatigue strength, good corrosion resistance and subzero-to-moderately elevated  
working temperature [1],  Processing of Ti and its alloys by means of turning, milling, grinding, drilling, casting, 
forming, etc. are difficult due to higher chemical affinity of Ti towards elements like oxygen, nitrogen, carbon, 
boron, etc. Further, high coefficient of friction restricts its further application possibilities [2] as functional parts 
related to sliding. Surface engineering of Ti and its super alloys are essential for such kind of applications. In this 
concern, deposition and post processing of bulk coating is in demand for recent engineering application possibilities 
of Ti and Ti super alloys. 

Surface engineering like hard facing, restoration, repairing and coating of engineering components are becoming 
popular using laser cladding process which includes several advantages: 
 high power density 104 to 107 kW/cm2 may reach at temperature up to 105 K [3] on a small, pinpointed or 

selective area,  
 faster processing ability [4],  
 HAZ and dilution of the substrate may be controlled by using intense laser source with high scanning speed,  
 rapid heating-cooling rates (104 to 1011 K/s), high thermal gradient (106 to108 K/m), and rapid re-solidification 

velocity (1 to 30 m/s) may yield fine microstructure and form metastable even amorphous phases[2], 
 a wide range of materials like metals, ceramics, MMCs, etc. with different types, shapes, sizes, densities, etc. 

can be easily mixed and processed, 
 bulk coatings like cladding may enhance strength of the coating-substrate system. 

As bulk coating shares load, it becomes more effective and useful when hard layers are bonded on relatively much 
softer substrates like Ti, Al, Mg and their alloys.  

Laser cladding provides a number of advantages in material processing, despite it is challenging due to the 
followings: 
 There are about thirty sets of process controlling parameters.  
 Complex shaped job needs intelligent control for processing. 
 Laser  reflectivity, thermal conductivity, heat capacity of work materials affect cladding ability.   
 Marangoni flow [5] may cause surface unevenness.  
 Microcracks may develop due to thermal stress.  
 Dilution control of substrate material is essential for desirable coating properties. 
 Working zone needs shielding from severe environmental contamination. 
 Material having high reflectivity for laser results in back reflection of the laser beam which may cause damage 

of the costly optical peripherals. 
 Ideal laser beam spot on the irradiated work surface requires a large rectangular cross section with uniform 

energy distribution is essential for good quality cladding. 
 Large number of overlapping in the coating surface increase surface waviness.  
 Intense heat concentration may cause uncontrollable melting, surface vaporization, plasma formation, 

photochemical ablation [6] etc.  
 Evaporation of chemical binder [7] may result in porosity and holes in the coating. 
 It is difficult to finish the hard clad top surface for desired dimensional accuracy. 
 

Technical challenges and difficulties provide scopes for research and development which are continuously going 
on in the fields of surface engineering, especially surface coating including laser cladding.  

 
The multi-component/ multi-phase coatings like ‘third generation’ coatings development are the current research 

interests. The same coatings are advantageous due to their high strain absorption capacity. Different types of phase 
boundaries in the microstructure increase the toughness of the coating by increasing the capacity to dissipate strain 
energy [8]. Improvement of tribological properties [9, 10] of parts, that prone to wear, is essential for prolonging the 
service life and reliable operation. Some typical experimental investigations were performed earlier on the 
improvement of tribological properties of Ti alloys by developing multi-component/ multi-phase laser coatings.  

WC reinforced MMC coating on Ti and Ti alloys: 
The WC reinforced bulk coatings are popular in industries for the hard facing of steels. A few research works 

were reported on cladding/ hard facing of Ti or Ti alloys using the WC reinforced MMC. Guo et al. 2010 [11] 
developed hard (up to 1300 HV), wear and corrosion resistant clad layer on pure Ti. Li et al. 2011 [12] worked with 
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