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Hydrogen as a fuel source is acclaimed as a new energy carrier of the future. 
It is one of the potential solutions to the current energy and environmental 
pollution crises due to its carbon-free and environmentally friendly 
characteristics. Hydrogen is primarily used in the chemical industry, but in 
the future, hydrogen will become a significant fuel for a fuel cell system 
and combustion cycles that produce fewer greenhouse gases than competing 
fossil systems. The Polymer Electrolyte Membrane Electrolyser (PEME) is 
essentially inverted Polymer Electrolyte Membrane Fuel Cells (PEMFC), 
where, instead of generating electricity by harnessing the reaction potential 
of hydrogen and oxygen to form water, it instead consumes energy to split 
water into hydrogen and oxygen. One of the benefits of the PEME over many 
other forms of hydrogen generation is that it is simpler and generates no 
harmful by-products other than pure oxygen. In addition, it is also capable 
of producing hydrogen gas at high pressure, thus facilitating storage. In the 
PEME, gases and water permeate the membrane, leading to the presence of 
hydrogen on the oxygen side and vice versa, referred to as gas cross-over. 
Extensive mixing of the product gases could produce explosive conditions. 
The research presented in this thesis contributes to the modelling and 
understanding of the steady state and dynamic behaviour of the PEME. The 
focus of this research is to provide a numerical model of a single cell PEME 
that can assist in improving the current level of understanding of this system. 
Parametric analysis of a PEME cell was performed to understand the effect 
of the operating parameters of this system on its performance. This study 
includes the development of numerical models of electrochemical and mass 
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transport phenomenon of gas cross-over on the PEME. Mass transfer using 
Fickian diffusion is implemented in the model. In addition to solving a 
phenomenological transport equation for the gas cross-over membrane, 
the model takes into consideration the dynamics in the polymer electrolyte 
membrane. It uses the mathematical model to simulate the effects of 
membrane thickness, current density and operating pressure of the anode 
and cathode chambers on the mass transport phenomenon and operating 
voltage. The simulations show that higher membrane thickness increases 
the operating voltage of the PEME. A Simulink model was developed 
as a dynamic model of a PEME, based on an analytical and mechanistic 
approach to computing the dynamic voltage–current characteristics. 
A time-dependent, isothermal model of the PEME was developed and 
implemented using an electrochemical and thermodynamic model. The 
dynamic model of the PEME system can be used as a tool to improve 
the design for large-scale PEME systems, especially when integrated 
with renewable energy system models, such as, solar, wind energy etc, to 
estimate operating parameters and optimize the sustainable energy system. 
The main conclusion of this work is that the simulation method of the 
PEME cell study, under various conditions, could be used to successfully 
create correlations and perceptions between those topologies for the overall 
performance of the PEME cell. The operational performance of the PEME 
cell does not only depend on component efficiency but also on the system 
design and consumption behaviour.
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Closed-hat-sections are a generic form of structural profiles used in vehicular 
structures. The bending behavior of a closed-hat-section beam is largely 
dependent on its section shape, dimension, and material. Despite being used 
widely in many applications, extensive study on design development and 
research information are still lacking. Introducing the insert-reinforcement 
into conventional design of closed-hat-section beam offers possibility of 
improving the bending resistant as well as energy absorption performance 
such as SEA, CFE, and DAF for energy absorber application. The primary 
aim of this thesis was to generate research and design information on the 
collapse mechanism, impact, and energy absorption characteristics of 
conventional and insert-reinforced closed-hat-section beams in order to 
facilitate their application in energy absorbing systems. A series of validation 
procedures of FE models through experiment and remodel were described. 
The validated FE models were used in parametric study of quasi-static and 
impact bending. To further analyze their collapse mechanism and analytical 
solution, two established analytical models for pure bending and one for 
three-point bending condition were modified and validated via FE simulation. 
Both analytical models for pure bending were derived using energy method 
and the three-point bending was derived using force-moment equilibrium 

44

method. Research findings show that the energy absorption response can 
be controlled by varying some of the geometries and number of insert. The 
wall thickness, web, and flange width can be used as parameters to control 
the amount of absorbed energy. However, the greatest effect on absorbed 
energy is the wall thickness. It was also evident that insert reinforcement 
can enhance the energy absorption capacity and reduces the inertia 
effect sensitivity by providing more plastic deformation during bending. 
Nevertheless, as far as energy absorption performance is concerned, 
higher number of insert seems to have a lower or similar performance with 
fewer insert reinforcement or even with conventional beam. Here, the use 
of ultra light-weight insert such as Magnesium and hybrid composite is 
desirable. The modified analytical models for pure bending have resulted 
in complex limit equations and were solved using numerical approach. 
Moment-rotation relationships acquired from both solutions showed good 
agreement with simulation. Another analytical solution has successfully 
predicted the pattern of load-deflection relationship under point bending. 
Useful empirical models to simplify the lengthy analytical solutions were 
also developed to predict the moment-rotation curves of conventional and 
insert-reinforced closed-hat-section beams as described in this thesis.




