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Warhead Mechanisms

This course is aimed at scientists and engineers new to warhead research and development and those who have worked in one area and wish to develop their skills in other warhead technologies. The course will start with an introduction to warhead requirements to set the scene for the various warhead technologies required to defeat the modern target-set. The warhead technologies covered will include:

Shaped charges: fundamental design principles and performance. 

Explosively formed projectiles: fundamental design principles and examples of their application

Fragmentation: Natural fragmentation and pre-formed fragment warheads.

Blast warheads:  Explosions, their experimental characterisation and analysis, TNT equivalence and blast structure-interaction.

The course will include discussions and examples of numerical simulation methods. 

Course Presenter: Ian Cullis, QinetiQ

Ian Cullis has over 38 years of experience in weapon design, terminal ballistics and numerical modelling and simulation. He is acknowledged as a world leader in the development and application of hydrocodes to problems in detonics, energetic materials and terminal effects, including structural response. His scientific research has covered a wide ranging area of dynamic material response applied to civil and defence research areas. He has made significant contributions to the development of advanced weapon systems including ballistic missile defence, where he has an international reputation, as well as countering the terrorist threat to aircraft and civil transport and military infrastructures.  

Internal ballistics of guns (an introduction)

This is a course on the internal ballistics of guns aimed at a person who has 5 years or less of experience.

It includes the following elements:

•
What is Internal Ballistics?

•
Ignition of Solid Propellants.

•
Solid Propellants.

•
Novel guns and Advanced Charges.

•
Charge Design and Internal Ballistics Modelling.

Course Presenter: Clive Woodley, QinetiQ

Clive Woodley has 37 years of experience in the field of internal ballistics. He has worked on conventional and novel gun propulsion concepts including liquid propellant guns and electrothermal chemical guns. He is renowned as an international expert in the area of modelling the ignition and flamespread of energetic materials and was responsible for the development of QIMIBS (QInetiq Modular Internal Ballistics Software), which is part of the FNGUN2D software. Frazer-Nash Consultancy will be giving a presentation on Internal Ballistics Modelling in the afternoon and should provide more details on the FNGUN suite of codes.

Armour and Protection
•
Threats- bullets and blast

•
Materials for armoured vehicle protection - How do you stop a bullet?

o
Steel, ceramics, transparent materials, plastics/composites

o
Behaviour of materials under attack

•
Ballistic testing and vehicle testing 

o
Survivability - Vehicle solutions

o
Vehicle Test Standards and the Armoured Vehicle Certification Process

Course Presenter: Dr Mark French, QinetiQ

Mark French is a materials scientist specialising in materials for military platforms. He has a broad experience in military vehicle science especially the development of armour/protection, with speciality knowledge in the field of composite materials technology covering both manufacturing and research. He has been involved in the certification of civilian armoured vehicles for 10 years.

Energetic Materials

The course elements include:

(1)
Explosives and Propellants under Extreme Conditions

Explosives and propellants experience both elevated pressures and temperatures under detonation and deflagration conditions.  These can cause significant structural changes to the crystal structures of the materials, which in turn can affect properties such as sensitivity, density, chemical stability, and chemical reactivity. This component of the course will highlight how state-of-the-art X-ray and neutron techniques can be used to probe the structural changes experienced by energetic materials under extreme conditions, and how these changes their affect properties and performance.  The opportunities for the recovery of higher density forms back to ambient conditions, with implications for the discovery of higher performance and less sensitive formulations will be discussed.    

(2)
Computational Studies on Explosives and Propellants

This component of the workshop will highlight how modern computational methods can be used to predict the response of energetic materials to elevated pressures and temperatures in order to derive equations of state and to predict the effects of pressure and temperature on properties such as heat capacities, thermal expansivities, and phase transitions. Progress in correlating shock- and impact-sensitivities with crystal structures of energetic materials will be described, i.e. why are certain classes of explosive found to be particularly insensitive and how can we use this information to predict sensitivities of energetic materials.  

(3)
New Formulations of Energetic Materials

This component of the workshop will review new and existing strategies in the development of energetic compositions.  This will include:  composite materials; new formulations, especially insensitive munitions; green munitions; high-nitrogen materials; and energetic co-crystals – a new class of material that has the potential to provide a step-change in the way that energetic materials are formulated to tailor properties and performance.    

(4)
New formulation techniques 

This component of the workshop will review new and existing strategies for the formulation of energetic materials.  These will include:  melt casting; extrusion; planetary mixing; formulation of PBXs; issues of scale up; continuous versus batch processing.  There will also be discussion about Resonant Acoustic Mixing – a new technique that is gaining widespread interest within the energetics community on account of its capability for safely mixing and formulating a wide range of energetic compositions.    

Course Presenters: Prof. Adam Cumming, Dr Carole Morrison, Prof. Colin Pulham
Prof. Adam Cumming has used his chemical training and knowledge of energetic materials to protect UK military and civilian personnel over several decades.  He has an international reputation in the field of energetic materials and was responsible for the UK’s contributions to research programmes in Europe and North America.  From 2010 until his retirement in 2014, he was Principal Consultant in Energetics Technology in Security Sciences Department of the Defence Science and Technology Laboratory (Dstl).  He provided technical advice and assessments of research, including managing international links and programmes for the UK. He is currently an Honorary Professor at the University of Edinburgh.  

Dr Carole Morrison is a Reader in the School of Chemistry at the University of Edinburgh.   Her research interests lie in the development of new computational procedures to enhance our understanding of complex structural chemistry problems, particularly where the available experimental data is patchy and incomplete. Current research highlights include developing simulation techniques to model the response of condensed matter molecular systems, including energetic materials, upon exposure to light, heat and pressure. This work has resulted in an improved understanding of structural models derived from limited diffraction data collected under non-standard conditions.

Prof. Colin Pulham is Chair of High-Pressure Chemistry and Head of the School of Chemistry at the University of Edinburgh. He is a founding member of the Centre for Science at Extreme Conditions (CSEC) at Edinburgh and has research interests in the crystallisation of molecular compounds such as pharmaceuticals, energetic materials, fuels, and lubricants, under a range of conditions including elevated pressures and temperatures. He works closely with the UK MOD and the US Army on a range of projects aimed at gaining an enhanced understanding of the properties and performance of energetic materials under a variety of conditions.  

