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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

The laser welding technology expansiveness is growing rapidly nowadays. The laser welding technology process isn’t well 
known yet.  Laser machining development is the base of this technology. From the welding technologies the fusion welding 
technology causes small heat affected zone (HAZ). The quality of the welded joint depends on the heat effect and the metal heat
transfer. In case of this technology design the knowledge of the effect of the used parameters is important. We can acquire this 
knowledge by the way of practice.
The problem of laser welding technology is the setting of the parameters. The used welding gas (Ar, COR2R, He, etc. and their 
mixes, and percentages), the welding speed, the focus point and the used power rate are also important. The welded materials 
(chemical composition), the sheet thickness and the joint type also influence the welded joint quality.
Welding tests will be done with different welding parameters (gas, speed, focus, power), in case of a metal with constant 
chemical composition, and welding setup. 
Optimal welding process will be specified based on the quality control results (destructive and nondestructive inspections).
The used technology is a new technology and the effect of the parameters is not well known yet. In this work we wanted to show
the relationship between preheating temperature and the Vickers hardness (HVR10R).
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1. Introduction

To create a quality welded joint we need to find and use the suitable parameters for the used welding technology 
and also the necessary preheating temperature. During the technology process planning we need to calculate the 
carbon equivalent by finding alloy chemical composition with the appropriate steel group equivalent equation. 

We know more than 40 different carbon equivalent equations from the literature. With the carbon equivalent, the 
combined sheet thickness and the welding process heat input in mind we can calculate the welding parameters. This 
calculation isn’t a sample method because the process heat input depend on the welding process and the welding 
speed. Also it is very important to know the heat transfer type (2D or 3D) and the used gas or gases.

The laser technology is a high energy beam fusion welding process with low heat effect. The welding process 
specification is the base of the joint quality. The suitable preheating temperature calculation is also very important. 

2. Laser technology

The word LASER is an English (Light Amplification by the Stimulated Emission of Radiation) acronym word [1].
In 1960 the first laser was developed by the American Theodore Maiman. The prototype's material was a ruby 
crystal (Al2O3 crystal with Cr2O3, which has an appropriate metastable energy level) in which the laser effect 
played out and for excitation it used a strobes light. The ruby crystals at the two ends had a semi reflective and a 
highly reflective mirror see Fig. 1.
When the strobes lights excite, the ruby crystal and the metastable energy level light is created which starts the laser 
emission that is reflected back and forth along the axis. Since there is no mirror on the side of the ruby, the multiple 
reflections clear out the divergent rays and only the strictly parallel rays with the axis of the crystal stays in the 
system.

When the lights energy surpasses the level which can escapes the semi reflective mirror, the laser lights up. The 
exiting rays are parallel because of the geometrical layout of the system and the divergent is negligibly small [2].
The laser beam has high energy therefore it’s useful for fusion welding technology.

2.1. Laser welding

We know two different joint types in case of laser welding (Fig. 2.). Fig. 2 (a) shows the heat transferred joint 
and the Fig.2 (b) shows the keyhole joint.

The laser energy penetration depth is very small, about 1mm/ kW. Which means to use laser for welding 
application we need a high power source. In case of the keyhole joint welding the formation of the plasma influence 
the joining process and the quality of the welded joint. We can modify the laser beam energy during the welding 
process. The plasma effects depend on the used gases. The melted metal forms depend also on the welding speed, 
the laser power level and the focus position too. These laser parameters can determine by the empirical experiments 
results.

Fig. 1. Ruby Laser Schematics [1].
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