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Introduction
This report outlines the required processes that should be undertaken in order to achieve a successful design of the specified explosive device. This includes research into current/past designs that may be suitable, methods of deploying said device, and a potential testing regime to ensure that a durable, reliable product can be manufactured. 
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In this report, I first outlined and discussed the key requirements set out by the brief. I then carried out internet and literature research into methods of firing / launching an explosive device. This allowed me to narrow down my next stage of research to existing devices that were compatible with the firing mechanisms. With this information, I was able to discuss the potential advantages and drawbacks of each and decide which would be the most suitable for the mission objective. Finally, I discussed methods of testing from small scale powder testing up to test firings, and then concluded the report with a summary of my findings.
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[bookmark: _Toc58600552]Design Requirements
The requirement states the following: 
‘An explosive device capable of neutralising a hostile communications centre, housed in a room within an office block building. The design should be capable of accurate delivery into the room from a distance of at least 100m and the effect event should be such that collateral damage to adjacent rooms is minimised.’
From this, I have gathered the key design requirements as follows: 
1. Neutralise a hostile communications centre housed within an office building whilst minimising damage to adjacent rooms
2. Must be capable of accurate delivery from at least 100 metres
In order to achieve the first requirement, the device must be able to travel accurately from at least 100 metres away and penetrate either a glass window or a wall. To achieve this, a sufficient firing mechanism must be utilised with a suitable round. If the device were to be fired at a wall, a shaped charge may be required to penetrate and allow the round to enter the communications centre. This however would not be necessary if fired through a window. 
The device will need to produce a semi-destructive explosion allowing the communications centre to be successfully neutralised without causing significant damage to surrounding areas. This may be achieved with a simple explosion alone, or potentially with an added igniferous effect. This can be achieved by adding an aluminium jacket, which will produce an afterburn post-detonation. On the other hand, a thermobaric explosive could be used in the main charge which would result in more violent deflagration.
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[bookmark: _Toc58600554]Light Anti Structural Missile (LASM)
The L72A9 LASM is a single-use, disposable rocket launcher used by the British military. It fires a 66mm, 1kg high explosive warhead which has enough kinetic energy to penetrate the outer wall of a structure before detonating inside. Its effective range is around 200 metres, and its maximum range is around 500 metres. [1]
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The LASM would definitely provide enough destructive power to neutralise the target communications centre, however due to the mass of explosives in the warhead, it may be too powerful and cause significant damage to the adjacent rooms. On the other hand, this is all dependant on the size of the target; it may be the most effective solution for a larger room, but too destructive to a smaller one.
[bookmark: _Toc58600555]L17A2 Grenade Launcher
The L17A2 grenade launcher is a single shot under-barrel weapon kit that was developed by Heckler and Koch under the name AG36. It has the capability of firing a wide range of 40mm grenade rounds effectively up to 150 metres and can engage targets from up to 400 metres. [2] 
[image: ] [2]
By using this method of delivery, an accurate shot of the correct round would successfully neutralise the target whilst minimising damage to adjacent rooms. However, it is crucial that the correct explosive device is chosen as the wrong choice would result in a failed operation.
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A High Explosive Dual Purpose round is a 40mm explosive device that can both penetrate armour and act as a grenade. It does this using a Point Initiating, Base Detonating (PIBD) fuze, which first triggers a shaped charge allowing the round to pierce armoured surfaces, and then a delay mechanism allows the main charge to detonate moments afterwards. This round is ideal in a situation where surface penetration is required before detonation, unlike a standard High Explosives (HE) round which would most likely see the effects of the explosion outside of the target. This device has the capability to be fired from the L17A2 as seen above. [3] [4]
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[bookmark: _Toc58600557]Thermobaric Explosive (TBX) Round
Thermobaric explosives are considered ‘a partially detonating energetic material with excess fuel.’ It is typically an oxygen deficient composition containing aluminium or magnesium particles, which produce a longer lasting afterburn effect. [5]   
[image: ]
The combined explosive and thermal power of a thermobaric round is highly destructive and would most likely be the preferred choice for the given scenario. However, as this device has little penetration capability, the recommended route of delivery should be via a window if available, otherwise the effects of the explosion will mostly be seen on the exterior and the objective will be failed. This device has the capability to be fired from the L17A2 as seen above.
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I believe that a combination of the High Explosives Dual Purpose round (HEDP) and the thermobaric round would be most suitable for this task. This is because, the HEDP has a better ability to penetrate surfaces, whilst the thermobaric round most likely has a higher chance of successfully terminating the communications centre without damaging the adjacent rooms. I suggest that a similar HEDP design should be utilised with a thermobaric explosive as the main charge. In this case, if the initial explosion does not succeed, the heat and afterburn will almost certainly do the job. I think that the Light Anti Structural Missile (LASM) is a strong choice, however I think it may be too destructive and cause unnecessary damage to the surrounding rooms and building.
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When developing new explosive compounds and materials, it is vital that a vigorous testing regime is carried out. This will provide a significant amount of important information regarding the performance and safety of the explosives, as well as give confidence to any project stakeholders such as those who will have to manufacture the material and those who will be utilising it in a product. It is imperative to munition design that an explosive is reliable and poses no extreme risk to those who will be in contact with it. If an explosive is not reliable, it can result in a weapon system failure. Details of some methods of explosives testing are as below.
[bookmark: _Toc58600561]Small Scale Powder Testing
Small scale testing is designed to determine how sensitive a material is to a range of stimuli such as impact, friction, high temperature and electric current. With this information, an Explosive Hazards Data Sheet (EHDS) can be produced as a basis for risk assessments.
[bookmark: _Toc58600562]Rotter Impact Testing (EMTAP 1)
Rotter impact testing is a method used to determine the Figure of Insensitiveness (F of I) of an explosive by dropping a weight directly on top of it. Small amounts of explosives are measured into caps and placed onto an anvil before a 5kg weight is dropped. The Figure of Insensitiveness is calculated as follows: 
 
Where  is the running mean median drop height of the standard
And  is the median drop height of the sample.

If the test result is less than or equal to 80, the material is considered too dangerous to transport in its current form. If the result is greater than 80, then the material is safe to transport. [6] The figure of insensitiveness is also used to determine the use for the explosive. For example, insensitive explosives are often used as the main charge (secondary explosive) in a vast array of munitions, such as warheads, whilst sensitive materials can be used as priming / detonating charges (primary explosives).

[bookmark: _Toc58600563]Mallet Friction Testing (EMTAP 2)
The mallet friction test is used to determine the Friction Sensitiveness of an explosive. This process involves using mallets of different material to impact an explosive side-on across an anvil, recording the frequency of ignition over multiple tests. As this test is reliant on the person operating the mallet, the results can be quite inconsistent.
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Similar to the mallet friction test, the rotary friction test is also used to determine the Friction Sensitiveness of an explosive. This test, however, produces more accurate and reliable results as it does not rely on the operator to physically carry out the task, and therefore there is a much lower chance of human error. The rotary friction test uses a flywheel to store kinetic energy, which is released to impact the explosive. 
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Once an energetic material has been synthesised and it has been through the small-scale powder testing phase, the next step is to determine its compatibility with other substances. This could be with anything that the material may come into contact with from manufacture up until its use. It is an important to be aware of what may react with the explosive in order to assess its practicality. For example, if an explosive reacted with a propellant material that were both intended to be used in the same device, a different propellant synthesis will have to be used.
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The third phase of explosives testing is to test charge-sized components against other stimuli they may experience in their lifecycle. One method of doing this is by carrying out EMTAP tube tests. These tests assess the relative explosiveness of the explosive subject, showing you how the explosive will react upon ignition (how good is its Deflagration to Detonation Transition). The results of this type of testing can determine an explosive’s suitability for the next stage of testing. The three EMTAP tube tests are: internal ignition tube test (EMTAP 35), fast heating tube test (EMTAP 41) and electrically heated tube test (EMTAP 42). The results of these tests are measured based on the number of fragments produced by the steel tube; the more fragments produced the better the detonation. 
Another method is to carry out fragment impact tests (EMTAP 36). This is where fixed-shape fragments are fired at a confined charge at different velocities to prompt a range of reactions. The range of reactions can vary from minor impact damage to shock-initiated detonation.
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The purpose of insensitive munitions testing is to establish how an explosive device will react to unplanned stimuli. An example of IM testing is vibration testing; during its lifecycle, an explosive device will experience natural vibrations, whether it’s from being transported on the road or it’s a missile re-entering the atmosphere. The vibration testing will put an explosive device through a wide range of frequencies to determine whether it will sustain any damage. 
Another method of IM testing is fast cook off testing. This is where a munition is immersed in a fuel fire and its reaction is recorder over a period of time. A similar method to this is slow cook off testing, where the munition is subjected to a slower fire which is situated further away. IM testing can also involve testing the device against bullet or shaped charge penetration. [7]
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If new explosives substances are to be developed for this device, the first stage of testing would be to carry out a range of small-scale tests in order to produce a basis for an Explosive Hazard Data Sheet (EHDS). This phase of testing should include: 
· Rotter Impact Test (EMTAP 1) 
· Mallet Friction Test (EMTAP 2) and/or Rotary Friction Test (EMTAP 33)
· Temperature of Ignition Test (EMTAP 3) 
· Ease of Ignition Test (EMTAP 4)
· Train Test (EMTAP 5)
· Electric Spark Test (EMTAP 6)

Once the initial data sheet is complete, the explosive needs to be compatibility tested with other substances that it will be in contact with in the munition. This will ensure that it does not react with anything and cause the device to fail or prematurely detonate. 
The next step will be to scale the tests up to charge size, carrying out tube tests, fragment impact tests and gap tests. This will provide further data on the reliability of the explosives in its current form, and potentially outline any design / manufacturing issues. 
Following this, the full explosive device will need to carry out the IM testing phase. This is the last stage before it can be test fired and should consist of the device being tested against a variety of scenario based stimuli. 
Before the explosive device is tested as a whole, each part should be individually tested. First, the body of the device holding the propellant charge should be tested on its own to ensure the primer sets of the ignition train. After this, it should be tested with an inert or dummy main charge to make sure the aerodynamics of the device are correct. For the third step, the head or main charge should be tested on its own. This will confirm that the payload acts as it is required. Finally, the full device should be tested in various scenarios and ranges.
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In conclusion, I have made the decision that a combination of a 40mm HEDP and TBX grenade round will be the best option for this operation. The igniferous effect of the TBX round most definitely has the capability of successfully neutralising the target communications centre, whilst the HEDP round will be able to penetrate any exterior walls or armour that may be obstructing. The best firing mechanism for this round will be the L17A2 under barrel grenade launcher as it can be attached to a range of weapons and has the ability to fire a 40mm round effectively from up to 150 metres away. This combination of pre-existing devices will most likely be more successful than the LASM alone. This is due to the power that the Light Anti Structural Missile holds; it carries 1kg of high explosives and would probably destroy more than intended, potentially harming people unnecessarily. 
A brief test plan has been outlined for the proposed device, which should allow for a better understanding of its capability. The testing will also provide a higher level of safety and confidence for the explosive charge and device. Furthermore, it should result in a more reliable and trustworthy munition design.
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