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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

In all engineering fields, continuous improvement of products and processes is being pursued. Reverse engineering is a fast and
innovative method of converting a physical model into a virtual one based on its physical and mechanical characteristics. The 
paper aims to develop the geometric and numerical virtual model of the behavior of a lignocellulosic material subjected to 
cyclical stresses (tensile-compression) based on mechanical characteristics determined through experimental tests. The 
importance of this study consists of identifying the simulation method by comparing the experimental results with the numerical 
results (engineering objective) and developing the working methodology with effect in the education for sustainable 
development. Modeling with the finite element method (FEM) based on the physical model aimed to determine the results 
spectrum which are interpolating with the experimentally ones. Thus, the CAD model of the real sample was made by attributing
its physical and elastic characteristics using the HyperMesh (preprocessing) and HyperWorks software (post-processing). The 
model was meshed into QUAD4 elements, after which it were simulated the cyclical stresses on tensile-compression in 
successive stages, keeping in memory of each stage the changes made at the structural level in the previous stage. Finally, the 
theoretical results were compared with the experimental ones. The obtained results provide information about distribution of 
stresses and strains on each layer of material according to the type of stress, traction or compression, for each loading cycle. The 
values obtained with FEA are close to the experimental ones. The minor differences are due to using an approximate decrease of 
the modulus of elasticity after each stress cycle.  To obtained the real values of Young’s Modulus after each cycle 42Twould have 
been necessary42T a big consumption of samples. The reverse engineering method has the advantage of material economy and the 
ability to carry out a large number of numerical models to replicate the material's behavior more accurately to cyclical loading 
and even improve its properties by designing a new material.
© 2018 The Authors. Published by Elsevier B.V.
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1. Introduction

The method called reverse engineering (denoted RE) is based on the partial or total reproduction of the 
geometric/physical properties of a real model. The process of capturing the digital image of some components is part 
of the reverse engineering method [1, 2]. Other researchers believe that this method is based on the production of 
components without the use of an engineering drawing [3, 4], and [5, 6] considered RE to be the development of a 
new geometry of a product by scanning an existing one and improving the CAD model after digital capture. In this 
paper, RE is used to analyze stress and strain states of wood samples subjected to cyclic loading – traction and
compression, starting from the real test. The purpose of finite element analysis (denoted FEA) was to evaluate the 
possibility of using FEA for lignocelluloses materials, thus avoiding the consumption of samples and time for 
experimental tests. Thus, the analysis proceeded from the real behavior of cyclic pine wood samples, geometrically 
modeling samples and then simulating the cyclical loading. Finally, the spectrum of FEA results was evaluated, 
interpolated with experimental results.

Nomenclature

L length of sample, in mm
b width of sample, in mm
h thickness of sample, in mm 
EL Longitudinal Elasticity Modulus, in MPa
δEL Decrement of EL
GRT Transversal Elasticity Modulus, in MPa
δGRT Decrement of GRT
νRT Poisson Coefficient
ρ Density, in g/mm3

F axial loading, in N
∆l Displacement, in mm
ε strain, in [%]
σ normal stress, in MPa

2. Finite element method applied on lignocellulosic samples

2.1. Preprocessing

In the real test, samples of radially-cut scots pine wood (Pinus Sylvestris L.), having the following dimensions: 
length L = 150 mm, width b = 15 mm, thickness h = 5 mm were analyzed. These were subjected to cyclic loading to 
tension and compression parallel with fibers (layers) with a force of 1000 N, using the LS100 Lloyd's Instruments 
test machine (Fig. 1, a and Fig. 2). The effective length of the specimen during the test was 100 mm. In the 
preprocessing stage performed in HyperMesh, the sample was modeled as a stratified material with one-dimensional 
layers of early wood (4 layers) and late wood (3 layers), having different mechanical characteristics (the wider 
layers represent the early wood, and the narrow - late wood). The material characteristics for each layer are shown in 
Table 1 and were taken from the literature [7]. Because of the relatively low of thickness and width of the layers, the 
material card – Mat 1 from HyperMesh library was used in the finite element analysis, which implies that each layer 
has homogeneous and isotropic properties, and in its entirety the sample will be a layered composite material. As far 
as boundary conditions are concerned, a grip in the test machine's rims was simulated. For this, the specimen was 
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