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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 

Laser cladding is a method to deposit a coating to improve the surface properties of a part or to restore the surface of worn 
components. Phosphor bronze is an alloy with high fatigue resistance, corrosion resistance and low coefficient of friction. So, it is 
employed in applications like sleeve bearings or cam followers. Laser cladding technique can be employed to generate a bronze 
coating over steel to improve the surface properties of elements like drive shafts or bearings. In this research work, a High Power 
Diode Laser was employed to generate a bronze coating on cylindrical AISI 4340 alloy steel (UNS G43400) substrates. The 
microstructure observed in bronze coatings is dendritic. It is formed by two phases: copper solid solution with tin (α-Cu) and 
Cu41Sn11 (δ-Cu). The hardness of the phosphor bronze coating is 172±12 HV, which is higher than the one reported for cast bronze. 
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1. Introduction 

Laser cladding is a method to deposit a coating to improve the surface properties of a part or to restore the surface 
of worn components. The interaction of the laser beam with the substrate generates a molten pool, in which the 
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precursor material is fed [1]. The relative movement between the beam and the workpiece makes possible to generate 
a layer with a thickness ranged from microns to millimeters [2,3]. 

Phosphor bronze is an alloy of copper, tin (3.5%-20%) and phosphorus (<1%). This material presents high fatigue 
resistance, corrosion resistance and low coefficient of friction [4]. So, it is employed in applications like sleeve 
bearings or cam followers. Laser cladding technique can be employed to generate a bronze coating over steel to 
improve the surface properties of elements like drive shafts or bearings. 

In this research work, a High Power Diode Laser was employed to generate a bronze coating on cylindrical 
AISI 4340 alloy steel (UNS G43400) substrates. Microstructure and composition of the coatings have been studied 
via Scanning Electron Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy (EDS) and X-Ray Diffraction 
(XRD). The hardness was analyzed by means of Vickers microindentation. 

2. Materials and Methods 

The laser cladding by powder flow technique was employed to produce phosphor bronze coatings (see Fig. 1). In 
laser cladding, a laser beam is employed as a heat source to generate a molten pool in a substrate. Precursor material 
in form of particles is fed in the molten pool. The relative movement between the beam and the workpiece makes 
possible to deposit single layer or multiple layer coatings. 

The experiments were done using a High Power Diode Laser from DILAS with a wavelength between 915 and 
976 nm and a maximum output power of 1600 W. Commercial phosphor bronze alloy particles (Cu15Sn0.4P, 
B15 from Sandvik Osprey Ltd) were selected as precursor material to generate the coatings. The particles are rounded-
shaped with a size between 150 µm and 180 µm, as can be seen in Fig. 2. Phosphor bronze powder was carried by 
argon and laterally injected in the molten pool by a convergent nozzle. The coatings were generated on cylindrical 
AISI 4340 alloy steel (UNS G43400) substrates with dimensions of 32 mm in diameter and 27 mm in height. A CNC 
table with a rotatory axis was employed to move the substrate with regard to the laser head. 

Laser beam was focused employing a lens with a diameter of 50 mm and a focal length of 250 mm. The laser spot 
diameter was 3 mm on the surface of the substrate. Single clad tracks were obtained employing a delivered laser power 
of 1000 W (mean irradiance: 142 W/mm2), a scanning speed of 10 mm/s and a power feeding rate of 24 g/min. 
Phosphor bronze coatings were generated by depositing consecutive single clad tracks with an overlapping ratio of 
66.6%. 

 

Fig. 1. Sketch of the laser cladding set-up 
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Fig. 2. SEM micrograph of phosphor bronze alloy powder 

Samples were cut, embedded in resin and polished to observe the cross-section. The analysis of the morphology 
and microstructure was performed by optical microscopy and scanning electron microscopy (SEM, Philips XL30). 
The qualitative elemental composition was determined via Energy-dispersive X-ray spectroscopy (EDS, EDAX 
PV9760 coupled to the SEM). X-ray diffraction analysis was carried out by means of a PANalytical X’Pert Pro X-ray 
diffractometer, using monochromated Cu-Kα radiation (λ = 1.54 Å) over the 20-100º 2θ range with step size of 0.02º. 
The XRD analysis was performed to study the crystallographic phases of the coatings. Finally, Vickers microhardness 
was measured using microindentation (microindenter Shimadzu HMV-G), applying a load of 0.5 kp (4.9 N) during a 
dwell time of 10 s. 

3. Results and discussion 

The role of geometry of single clad tracks is fundamental in laser cladding to achieve a coating without defects [5]. 
The aspect ratio or width-to-height ratio is recommended to be greater than 3 to generate coatings without inter-run 
porosity. Optical micrograph of the cross-section of a phosphor bronze single clad track generated by laser cladding 
is showed in Fig. 3. The width-to-height ratio of the single clad track deposited is 3.75. Moreover, no cracks are 
observed in the samples. 

 

Fig. 3. Single clad track cross-section observed by optical microscopy 
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