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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. 
Peer-review under responsibility of the scientific committee of the Manufacturing Engineering Society International Conference 
2017. 

Keywords: Cost Models; ABC; TDABC; Capacity Management; Idle Capacity; Operational Efficiency 

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 

Nowadays high qualities welds which have a very narrow form and high accuracy can be obtained with advanced monitor and 
control system. In this paper are presented the main components of the electron beam welding equipment CTW 5/60 and 
proposed two welding strategies with seam tracking and adapted to the possibilities of the experimental setup. The first strategy 
consists in dividing the surface of the material over several successive frames, while the second strategy involves performing the 
operation in a single pass. Aspects of machine vision, meaning the image reconstruction, seam detection and image processing 
methods are also summarized. 
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1. Introduction 

Electron beam welding (EBW) is a nonconventional material processing commonly used for joining stainless 
steels, superalloys and reactive or refractory metals. Electron beam equipments are built also for other technological 
processes as melting, evaporation, refining, and thermal surface treatment. In fact, electron beam and laser are the 
only ways of delivering large amounts of concentrated thermal energy to materials (maximum 108 W/cm2).  
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Nuclear technologies, aeronautics, microelectronics are examples where such equipments are a necessity. High 
resolution, high power density and high depth/width ratio are just a few of the special properties that make the 
electron beam (EB) a powerful tool especially where conventional techniques proved to be inefficient. [1-5] 

Unfortunately electron beam welding involves many complex phenomena like electrons generation, beam 
forming and transport, focusing and deflection, heat absorption in the material when the beam irradiates on a 
workpiece. All this leads to rapid melting and vaporization, resulting in a deep and narrow keyhole surrounded by 
fusion-solidification zone. Depending on the power density of the main beam, the boiling and explosion phenomena 
may occur. So, electron beam equipment is a multivariable, complicated and dynamic system with many parameters 
that need to be monitored and controlled. Today modern digital equipments, sometimes multitasking and distributed, 
allow modeling and simulation, monitoring and viewing of the electron beam welding process, real-time 
modification of different technological parameters. [4,5] 

To study the complex phenomena various analytical models and solutions were used for the simulation of the heat 
source, temperature distribution during the electron beam welding and weld shape in [6-8] or for the prediction of 
vaporizing time curve in [9]. A numerical model for three-dimensional (3D) heat transfer and fluid flow in keyhole 
mode electron beam welding was developed in [10]. Lindgren actually presents a review of different analytical 
models in [11] and describes the application of the finite element method to predict the thermal, material and 
mechanical effects of welding [12]. Several authors [12-15] have used the finite element method (FEM) to analyze 
heat flow in welds and to overcome the limitations of the analytical models. They obtained a better estimation of the 
thermal field, weld pool geometry, transient temperature, heat affected zone, residual stresses and distortion. 
Sometimes the results are experimentally validated and allow optimization of the process technological parameters. 

It is obvious in these studies that a small change in beam spot diameter of electron beam greatly modifies the 
power distribution and alters the heat transfer. The directing components of the electron beam gun influence the 
quality of the weld, which is a sufficient reason for being detailed. The paper [16] contains a simulation of the beam 
trajectory which crosses the focusing system, while mathematical models in [17] allow calculation of deflection and 
focus distances. Additionally in [18,19] the authors designed regulators for the two directing components that allow 
3D control of the electron beam focal spot. 

The examination of the electron gun variables is very difficult due to the nature of the process. The heating 
process depends on the electrons emission, electromagnetic fields, X radiation, material proprieties, etc. Thus it is a 
necessity the implementation of modern strategies implemented on digital devices to produce material processing at 
high quality and required standards. The use of sensors in the electron beam irradiation area is difficult due to 
multiple phenomena occurring. Depending on the type of the electron beam equipment there are different methods 
for monitoring and improvement of the material processing. In [20] a number of different EB probe devices have 
been developed to enable measurement of electron beam characteristics. Control methods of electron beam focus 
position according to the absorbed power in workpiece, breaking current, X radiation emitted or secondary electrons 
are presented in [21-23] and [24] treats the melting zone during EBW through analysis of the secondary current in 
the plasma. Authors of [25,26] exposed some principles of offline or online seam detection, before or during the 
welding, while [27,28] contain more advanced automatic seam tracking based on machine vision methods. 

Considering the above and having the experience of the previous scientific works [8,17-19,27], in the present 
paper two strategies of welding monitoring and control based on seam tracking are developed. These are divided into 
several stages. The information about workpiece are obtained using the electrons reflected from the material surface 
and the weld joint is detected after processing the digital images from the image capturing system of the equipment 
[27]. The control and the seam tracking are done with the help of focusing and deflection components of the EB 
equipment [17-19]. 

2. Electron Beam Welding Equipment 

The most common systems of this type used in manufacturing are high vacuum design. The main parts of the 
equipment are the triode gun and the vacuum system that provides high vacuum environment (pressure level of 10-3-
10-4 Pa). Both are controlled by a multitasking digital system. 
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The high power electron beam system with the classic triode gun is shown in the Fig. 1. The triode gun design 
consists of the cathode (filament and the massive cathode), electrode or grid, anode, focusing and deflection coils. 

  

 

Fig. 1. Electron Beam Welding Equipment. 

In this scheme the high voltage supply, high voltage controller and electron beam current controller assures the 
emission of electrons from the incandescently heated termoemission filament and generates the main beam. A 
negative high voltage potential is applied to the filament cathode assembly, referred to as the accelerating voltage of 
40…60kV. A lower voltage is applied to the grid cup or bias assembly which acts as a valve that controls the volume 
of electron energy that can flow from the cathode to attracting targets [17-19,29].  

The first target, which actually is the anode situated at a positive potential, forms the beam. Then the focused 
beam of electrons is led using focusing coil to a secondary target, situated in the working chamber (WC), consisting 
of a metallic workpiece (WP), where the kinetic energy of the electrons is converted into thermal energy. This target 
can be stationary and the electron beam energy deflected using deflection coils or the workpiece can be moved using 
a computer numerical control (CNC) table [2,4,29]. The magnetic focusing coil located beneath the anode assembly 
and circular in design provides the convergence of electron beam. The deflection coil is created with four wound 
coils positioned at right angles to the column. 

Another important part in the experimental equipment CTW 5/60 (5kW maximum power at 60kV accelerating 
voltage), developed at “Petru Maior” University of Tirgu-Mures in partnership with Electrical Research Institute 
I.C.P.E. Bucharest is the electrons collectors [29]. The electrons reflected from the target surface and captured by 
four electrodes together with the image capturing system offer utile information about the material processing. The 
image capturing system contains electronic interfaces designed to digitize the signal from the electron collectors - 
proportional to the brightness of a point - with an 8-bit resolution. Sampling is done to get a digitized image of the 
material surface with a resolution of 256 x 256 pixels [19,27,29]. 

3. Aspects of seam trajectory detection 

Usually welding after a regular trajectory with electron beams can be done with manual control of the positioning 
system or imposing prescribed trajectories to the CNC table. To avoid the mechanical inertia and for small size 
welds the deflecting and focusing components of the electron beam gun are extra features that can be very useful.  
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