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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 object of this paper is to determine the statistics of parameters of hyperelastic models specific to Polybutylene Terephthalate 
filled with 30% glass fibre (PBT GF30) and Polymethyl Methacrylate (PMMA) materials used in automotive lamps. The 
hyperelastic behaviour of both materials, a semi-crystalline and an amorphous, is modelled using appropriate hyperelastic models. 
The stress-strain curves of the materials were measured under uniaxial tension using a non-contact video gauge. Five samples each 
were tested to measure the effect of manufacturing variability. The model parameter statistics were determined, the mean value of 
the model parameters were used to construct average stress-strain behavior, which is then compared to the experimental stresses. 
Among all the models and their associated parameters studied, the 3-parameter Mooney-Rivlin model provided the most accurate 
prediction of the behaviour for both materials. The model showed excellent stability and is therefore the most appropriate model 
to represent variations due to the manufacturing process. The detailed study of the correlation of the model parameters provided a 
good understanding of how the parameters are related to each other, enabling construction of complete probability distribution 
functions for further analysis. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of ICSI 2017. 
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1. Introduction 
The modern automotive LED lamp housings and lenses are constructed of polymers providing a substantial 

weight saving and design flexibility. The material switch is attributed to the stringent emission legislations as well as 
functional requirements, allowing the realisation of highly sophisticated and complex lighting designs.  
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Traditionally, the lamp assemblies are designed and developed based on accumulated knowledge. The 
historical information becomes vital as the lamp assemblies are subjected to very harsh loading under accelerated 
vibration and impact testing, which is of a wider frequency spectrum. The complexity of modern lamp design – the 
shape and size, the use of alternative material and manufacturing involved, however, have made lamps susceptible to 
fatigue failure from vibrational and impact loading. There is a drive towards virtual prototyping to address this aspect 
by using finite element methods. However, the key to robust fatigue analysis of lamp assemblies is the availability of 
reliable input parameters, such as material models and variability in the behaviour of manufactured constructions. 
Analysis of mechanical behaviour of polymers for robust fatigue analysis can be a challenging and complex task, as 
their properties are significantly affected by their molecular structures, environmental condition and the manufacturing 
process. Under elastic deformation, the stress strain relationship of polymers is notably non-linear, this mean that the 
Hooke’s law does not hold for such materials. The linear isotropic model cannot be used in the analysis and modelling 
of mechanical behaviour of such materials with hyperelastic characteristics (Serban et al, 2012). Generally, 
hyperelastic models are used to analyse the mechanical behaviour of hyperelastic materials.  

The two most commonly used materials are PBT-GF30 and PMMA. PBT-GF30 is a semi-crystalline 
thermoplastic material; a class of polymer with a highly ordered molecular structure. It is known to be hard and rigid, 
and its ability of withstanding dynamic load at wide range of temperature makes it a material of choice for designing 
mounting brackets and control module casing for automotive lamps. Mostly, lamps that are mounted close to the 
vehicle exhaust or on an area with extreme temperature are made of PBT-GF30 material. PMMA is a very important 
material in the design of automotive lamps. The high optical quality, resistance to UV light and weathering, decent 
stiffness, strength and dimensional stability of PMMA earned it an important place in the design of automotive lamps. 
It is used in the design of optics and outer lens of automotive lamps. The material is an amorphous thermoplastic; a 
class of polymer with randomly oriented molecular chains. 

The object of this paper is to determine the statistics of parameters of hyperelastic models specific to PBT-
GF30 and PMMA materials. To achieve this, three hyperelastic models and their associated parameters are studied: 
a) Neo-Hookean, b) 2, 3, and 5 parameters Mooney-Rivlin and c) 1, 2, and 3 orders Ogden model. The stress-strain 
curves of the materials will be measured under uniaxial tension using a non-contact video gauge. Five samples each 
will be tested to measure the effect of manufacturing variability. The models’ stress, which is the first derivative of 
strain energy density function, will be obtained by fitting the models to the experimental data. The model parameter 
statistics will be determined; these will be then used to construct models’ stresses and compared to the experimental 
stresses. The correlation between the model parameters will be analysed to have a better understanding of how 
parameters are related. It is shown that Mooney-Rivlin offers a significant and robust performance in faithfully 
replicating the stress-strain curves of the materials studied in this paper. 

2. Hyperelastic material models 
 

The hyperelastic models can be of phenomenological and micromechanical type. In this study, parameters of 
three phenomenological hyperelastic models identified from the experimental data. The stress-strain relationship for 
hyperelastic material is generally obtained from a strain energy density function, which is normally denoted as W; 
stress is obtained as a first derivative of the strain energy density function and with respect to strain: 

𝜎𝜎𝑖𝑖𝑖𝑖 = 𝜕𝜕𝜕𝜕
𝜕𝜕𝐸𝐸𝑖𝑖𝑖𝑖

                                                                                                                                                                                          (1) 

For incompressible materials, the strain energy density function is dependent on the stretch invariants 𝐼𝐼1,2. The stretch 
invariants are given by: 𝐼𝐼1 = 𝜆𝜆1
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2  . The principal stretch ratios (𝜆𝜆1,2,3) are 
obtained from the transformation of principal axis, and for uniaxial tension they are: 
𝜆𝜆1 = 𝜆𝜆 = 𝐿𝐿

𝐿𝐿𝑜𝑜
;    𝜆𝜆2 = 𝜆𝜆3 = 1

√𝜆𝜆                                                                                                                                      (2) 

In the following section, brief details of three models considered are given. 

2.1. Neo-Hookean Model 
 

Neo-Hookean model (Treloar, 1943) is molecular theory based; it is the simplest available hyperelastic 
models. It is known as a special case of Mooney Rivlin model. The model describes the hyperelastic behaviour of 
material using only one independent material constant. The uniaxial stress for incompressible Neo-Hookean model is 
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Traditionally, the lamp assemblies are designed and developed based on accumulated knowledge. The 
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