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Abstract 

During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 

The use of photovoltaic panels in Europe led to the installation of about 100GWp in the last decade, an amount which is still 
growing. The productive life of panels is expected to be between 10 to 30 years, so that in the future a strong demand for systems 
able to perform their End–of–Life treatment is undoubted. As a consequence of the Directive 2012/19/EU, the decommissioning 
of photovoltaic plants has to be performed in order to achieve challenging material recycling and recovery targets. Small size, 
mobile treatment plants have been proposed to reduce the investment needed for their installation in comparison with large 
industrial ones.  
A prototype system for the treatment of photovoltaic panels is presented; it is designed to be transported within the limits of 
ordinary freight transport vehicles. All the systems included in the plant have been organized in a production line mounted in 
three containers. Due to functional reasons, the containers have been design and built specifically for these use, providing the 
necessary integration between the installed machinery and of auxiliary systems such as dust collection system, sound insulation 
and vibration absorbers. For the verification of resistance and stiffness of the system – which differs from regular freight 
containers – an adaptation of suitable standards is proposed. After the definition of appropriate loads for the case study, the 
structures of the containers are analyzed using Finite Elements software. The analysis shows that due to the characteristics of the 
application the structure is not suitable for general containers use, but – considering the limitations of the application in terms of 
transportation needs – the results can be considered acceptable. 
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1. Introduction 

The use of Photovoltaic (PV) panels led to the installation of about 100GWp in Europe and 220GWp Worldwide, 
an amount which is still growing; a rise up to 4500GWp in 2050 has been hypothesized. Their productive life is 
expected to be between 10 to 30 years, so that in the future a strong demand for systems able to perform their End–
of–Life treatment is certain. In particular, the treated amount is estimated to be about 45.000–250.000t/y in the next 
years (before 2020), growing up to 75Mt/y in 2050 worldwide (Weckend et al., 2016). As a consequence of the 
Directive 2012/19/EU on Waste Electrical and Electronic Equipment – WEEE – (EC, 2012), in Europe the 
decommissioning of photovoltaic plants has to be performed in order to achieve challenging material recycling and 
recovery targets (expected to be more than 80% and 85% respectively). PV plants size is extremely various and can 
vary a few kWp for personal/home production (Cucchiella et al., 2016a) to MWp for large solar fields. Considering 
residential buildings roofs, car parking areas, factories a large number of small size systems have been installed, 
spread over rural, industrial and urban areas. For this reason, the collection chain of End–Of–Life (EoL) PV should 
be able to intercept all the flows, even if coming from areas characterized by a low level of industrialization. 
Treatment plants characterized by small capacity and treatment rate – in the range of a few tons per hour or even less 
– have been proposed in order to reduce the investment needed for their installation in comparison with large ones, a 
solution which is intended to enhance the availability of recycling plants over territories (Rocchetti et al., 2013; Zeng 
et al., 2015). The reduction of plant cost for WEEE treatment – also other than PVs – is a relevant topic due to 
uncertain profitability of treatment operations (Cucchiella et al., 2016b).  

In this study, a prototype system for the treatment of photovoltaic panels is presented. The plant has been 
conceived and designed in order to be transported within the limits of ordinary freight transport vehicles. Due to this 
reason, all the systems included in the plant have been organized in a production line mounted in three containers. 
According to the necessities of the system, the containers have been design and built specifically for these use, 
providing the necessary integration between the installed machines and of auxiliary systems. Various studies are 
available in literature and some of them are focused on special uses of freight containers, such as special designed 
ones (Sepe et al., 2015) or on repurposing or conversion to static structures, for which multiple stacked elements are 
analysed (Giriunas et al., 2012; Zha and Zuo, 2016; Zuo and Zha, 2017). The objective of the present study is to 
examine a group of containers which differ from standardized ones for size and design concept. For such application, 
the use of standard resistance verification procedures for freight containers is not mandatory, since they are not 
supposed to be used together with other containers (e.g. stacked); as a consequence, the size of the plant containers 
has been chosen to be slightly different to standardized ones. Where possible, however, testing procedures applicable 
to similar containers (ISO, 1995, 2013a, 2013b) have been adopted; approval according to Directive 2006/42/EC and 
related regulations – also needed for the plant – is not part of this analysis (EC, 2006) 

The article is structured as follows. In the next paragraph, the characteristics of the plant and of the units installed 
in the three containers are presented. Then, a selection of load cases is presented. Finally, the models of the 
structures are presented and the results of the analyses are shown. 

2. Description of the plant and of its model 

The treatment process of PV panels performed by the plant is aimed to reduce the panels in small parts in order to 
enable material recycling through proper segregation of different materials. Such process is quite typical for the 
treatment of EoL products, as described in literature (Granata et al., 2014; Pagnanelli et al., 2017; Rocchetti and 
Beolchini, 2015); the successful implementation of the process depends on those details which constitute the real 
know–how of the manufacturer of the system. Examples of such choices are: the use of a certain shredding process 
(e.g. fragmentation through hammer mills or shearing through other kind of machines) and of certain size for the 
particles; the installation of devices such as air classifiers and vibrating screens; the calibration of these machines, 
the speed of air flow etc.: each element installed in the system contribute to the successful implementation of 
material segregation processes. The plant under investigation is capable of processing about 0.8t/h. 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prostr.2017.12.058&domain=pdf
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