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[bookmark: _Toc165897169]Task and Requirements
The team were set the task of redesigning a cratering charge, used by armed forces to rapidly “dig in” when under attack and allow them to create a defensive position. The cratering charges can also be used to block critical strategic sites such as runways or creating an anti-tank trench [1]. The current design “Demolition Rapid Cratering Charge Mk2” has been in service with the Royal Engineers for many years. The brief detailed the existing charge was manufactured at ROF Chorley and filled with explosive waste from a shell filling process with a 60:40 mix of RDX:TNT. The existing design is not incentive munition (IM) compliant.
Customer requirements were provided to the group, and these are as follows:
· New cratering charge to be IM compliant.
· Consider using the new TAW-EX-2022 explosive.
· Consider using RAM missing to fill the new design.
· The new charge must operate in the desert and other hot climates, but an all-climate capability is highly desirable.
· The new system must be transportable using the current range of transport aircraft both rotary and fixed wing.
· The new system should also be transportable using tracked and wheeled vehicles.
The redesign task required the group to:
· Compare the formulation of the new design with existing formulations.
· Obtain safety data.
· Propose a new design for the cratering kit.
· Recommend a suitable production route for the cratering kit.
· Propose the Manufacture to Target or Disposal Sequence (MTDS).
· Propose packaging for the new design.
· Propose a series of trials to prove the new design meets the MTDS.
[bookmark: _Toc165897170]The team and roles within the group
The project team had five members. Three from DSTL, one from QinetiQ and one from DNV (the author).
During the group’s first meeting after being assigned the task, it was discussed what were the key areas of the redesign that needed to be focused upon. It was decided these were:
· Modelling
· Manufacture
· Chemical analysis
· Safety testing 
· Sequential environmental testing
· Non-sequential environmental testing
Four of the five above topics were areas members of the group had professional experience working in. Those individuals agreed to work on their area of expertise. However, none of the roles were something the author was particularly experienced in. It was agreed the author would take the non-sequential environmental testing role with a view to meeting up with the group member experienced in safety testing so a ‘crash course’ could be provided. 
The final assigned sections were as follows:
· Modelling – Steve McAngus
· Manufacture – Max Fisher
· Chemical analysis – Silas Blevins
· Sequential environmental testing – Luke Malcolm
· Non-sequential environmental testing – Natalie Coplin
During the first meeting the discussion focused on the redesign task, primarily how to make the charge IM compliant. The group discussed what must be changed and what can be utilised in the new design from the existing design – with a view that “if it isn’t broken then we don’t need to fix it”.
The initial meeting concluded with an agreement that the existing overall design would be taken forward, the energetic would be changed and as such an updated manufacturing route would be proposed, with a suitable safety test plan. This option allows some functionality from the original design to be carried forward – the group liked the modular charge bags present in the existing design and it was decided this is a feature that should be kept.
The group agreed it would be beneficial to have a reoccurring meeting to discuss progress and problems, which Steve McAngus set up on MS Teams. These can be found in Appendix 1 – Meeting notes.
[bookmark: _Toc165897171]Existing design
The demolition rapid cratering charge Mk2 is not IM compliant and replies upon a granulated main charge. The bags and shaped charge are filled with an RDX/TNT 60/40 mixture. There are several versions of the cratering charge in service today, some of which utilise a larger main charge. 
The design replies upon the shaped charge to dig a small pilot hole. Some, or all, of the larger charge bags are then placed in the pilot hole and detonated to create a bigger hole of the required size. This kit is supplied with a separate ignition kit containing detonators, safety fuze, and detonation cord, all packaged in one bag.
[bookmark: _Toc165897172]Proposed Design
The group decided upon the following redesign:
· Explosive filling to be replaced by a novel PBX – Swans-Ex2024.
· Reduced sized cone diameter in the shaped charge.
· Dividable PE8 booster charges.
· Addition of carrying straps for both the shaped charge bag and the booster bags.
· Addition of aluminium legs to create the stand-off distance.
The group had previously agreed the original design will be used as much as possible, with a view that we don’t need to fix what isn’t broken. The main change would be the energetic fill. This option allows some functionality from the original design to be carried forward – the group liked the modular charge bags present in the existing design and it was decided this is a feature that should be kept. 
[bookmark: _Toc165897173]IM Testing Crash Course
Luke Malcolm scheduled several meetings with the author to provide detailed lessons on IM testing, compliance, and THA. Each STANAG was reviewed, and Luke proposed test and threat scenarios, enabling the author to think through the STANAGs and reach logical conclusions to the situations. This helped in cementing the author’s understanding of IM testing.
His guidance throughout the project was invaluable and the author is incredibly grateful for his patience and willingness to answer ‘stupid questions’.
Once the author had a grounding in IM testing, it was clear there were some elements which would need exploring further with the group as the task progressed. An understanding of the overall design and potential packaging and transport options was required which would feed into the THA. To achieve this, informal discussions took place throughout the project.
[bookmark: _Toc165897174]Presentation Preparation
A style for the presentation was agreed upon, with a power point file uploaded to the shared area. This enabled all members to collaborate easily with updates being saved simultaneously. Having the shared file had another benefit in that the group could continuously review and comment on all work to date.
The group held two presentation practice sessions, both of which were unfortunately cut short. The first run through was longer than the group were anticipating but members were not overly concerned at this stage as the first practice does tend to be the roughest. The second practice session was a lot smoother. The author presented on MS Teams and it was decided that a run through with her joining the meeting remotely was essential to ensure a smooth transition between the OME lab and online presenting.
[bookmark: _Toc165897175]Design Review
A mid-project review was held with the customer at UWTSD on Monday 15th April. The group met prior to this to prepare for the review and finalise any points for clarification.
During the review, the team explained in turn the role they had taken on and progress made to date regarding the presentation. The customer was happy with progress and looking forward to the group presentation.
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[bookmark: _Toc165897177]Modelling
The modelling and simulations were performed by Steve McAngus. It is an area he has extensive experience in and the group were grateful of his expertise. The aim of the modelling was to evaluate the performance of the explosive and its compatibility with the existing structure.
The group was kept up-to-date with progress, with any problems he encountered being relayed in a timely manner. With this he also sought agreement with the group when any changes were required, such as using a different energetic fill to that proposed in the brief, before seeking agreement from the customer as well. Emails between Steve (on behalf of the group) and the customer can be seen in Appendix 3 – Communications with the Customer.
From the simulations it was decided to reduce the cone diameter in the shaped charge as Swans Ex2024 displayed higher performance characteristics.
[bookmark: _Toc165897178]Manufacture
Max Fisher took on the role of manufacture and packaging. After researching available options, two options were put forward to the group for discussion. These were based on the availability of Swans Ex2024 and equipment to upscale production.
One method involved the use of a RAM 55 to bulk mix the explosive which would then be poured into the cases under vacuum and on a vibration plate. This process helps to eliminate air voids in the fill. Max pointed out currently has a three-year backlog for orders and therefore an alternative option was presented to ensure production could go ahead.
The second option uses a smaller RAM mixer. There are currently no supply issues with the smaller mixers, so this seemed like a more feasible option. The explosive fill is mixed in the case, with the entire munition placed into the RAM mixer, thus ensuring no air voids form during pouring.
RAM mixing was suggested for the manufacture of the main charge before pouring the fill into moulds, with the end product being 2kg blocks.
A solution for the packaging was presented:
1. Using a wooden crate for transportation as this would reduce the fragmentation hazard.
2. Polyethylene bags for the main charge to prevent moisture ingress and electrostatic discharge.
3. Carrying straps to allow more ergonomic carrying then the current design of plastic carrier bag handles.
[bookmark: _Toc165897179]Chemical Analysis
To deem the explosive composition safe for long term storage, chemical analysis, and Small-Scale Hazard Testing (SSHT) on aged and unaged samples is required to determine what and if any changes are caused by aging. This area was covered by Silas Blevins who had recently spent time working in chemical analysis laboratories and was therefore well placed to discuss this area. The SSHT must be performed first. This allows any sensitivity changes from ageing to be picked up before chemical analysis, as this could prove to be unsafe. A qualitative chemical analysis route was then suggested to identify components in the composition and provide initial indication of any chemical changes. Finally quantitative chemical analysis of aged and unaged samples was suggested. This would compare quantities of individual chemical components in the composition and confirm if there had been any chemical changes. 
[bookmark: _Toc165897180]Sequential Environmental Testing
Luke Malcolm took forward the Sequential Environmental Testing which simulates the cumulative stress a munition will experience during its life. This is an accelerated testing process where the munition will experience years of life in just several months of testing. Hot and cold climate streams were selected, as a customer requirement was a desirability for all weather capability. This is a complicated test process, but Luke had experience of several similar test programs in his workplace which was beneficial to the project.
[bookmark: _Toc165897181]Non-Sequential Environmental Testing (IM Testing)
[bookmark: _Toc165897182]Insensitive Munitions
STANAG 4439  [2] defines insensitive munitions (IM) as:
“munitions which reliably fulfil their performance, readiness and operational requirements on demand, but which minimise the probability of inadvertent initiation and severity of subsequent collateral damage to weapon platforms, logistic systems and personnel when subjected to selected accidental and combat threats.”
To achieve IM compliance, the munition must be able to satisfy the criteria set out in STANAG 4439. This is covered in detail in 2.5.4.
The Ministry of Defence has an IM policy which details the progressive reduction in vulnerability of the UK’s stockpile of munitions in line with advances in technology and procurement opportunities. It seeks to balance risk, cost, vulnerability, and safety across the entirety of the munitions inventory [3]. MOD policy requires all new munition purchases to comply the Insensitive Munitions policy and as such this must be reflected in the planning stage as a ‘Key User Requirement’. The customer requirements for this assignment aligns with this policy. 
[bookmark: _Toc165897183]Benefits of Insensitive Munitions
There are many obvious benefits to insensitive munitions such as a reduction in loss of personnel and assets from attacks and accidents, and the ability to maintain operational ability following an attack or accident. Attacks and accidents are collectively known as threats and may be encountered in friendly or hostile environments. There are some less obvious benefits such as the more efficient use of logistics equipment and manpower. This is due to factors such as lower separation distances or easier transportation of ‘all up munitions’ when insensitive munitions are used. This also impacts the through-life costs of insensitive munitions, meaning cost saving throughout its in-service life. The use of insensitive munitions may improve the public’s perception of explosives and explosive safety. The value this benefit may have in the long term should not be underestimated [4] .
In a presentation by Trevor Lawrence, he commented on the cost benefits analysis of IM throughout the entire life-cycle. He proposed the following:
· Manufacturing and disposal costs may increase.
· Transportation, storage, operational and training costs may decrease [5].
[bookmark: _Toc165897184]Threat Hazard Assessment
A Threat Hazard Assessment (THA) is concerned with looking at the threats a munition may encounter throughout its entire ‘manufacture to target or disposal sequence’ (MTDS). It is intended to assess the inherent safety in the features of the design of an item, which can also include its packaging. As such, all stages of the Manufacture to Target or Disposal Sequence must be considered during the THA for the IM test program [6]. 
The THA is conducted by considering the likely threat level, for example, is the munition likely to be hit by fragmentation and if yes, is that fragmentation likely to be travelling at a higher speed or a lower speed? This is determined by understanding the environment the munition will operate in. The duration of the potential threat and the likelihood of that threat occurring is then considered giving probabilities of exposure and occurrence and the damage severity [6]. This numerically identifies the most vulnerable configuration which are then taken forward to the IM test program. 
For simplicity the THA has not been included in the report but the justification has been included in each relevant test.
There are six standard tests for IM compliance which represent common threats. These tests, along with the required maximum test reaction can be seen in Figure 1. The threats in Figure 1 are common to all munitions, but additional tests can be added if the THA identifies a different vulnerability. It is entirely feasible the THA may identify some threats noted in Figure 1 that are not likely to occur and so these can be discounted from the program. The tests can be modified based on the threats identified and the configuration the munition will experience in its life cycle. When gathering environmental and configuration information, it is necessary to consult those who will be involved with the munition at any stage of its life cycle. These groups of interested parties are known as stakeholders and are best placed to describe how the munition will be used, handled, and stored etc. An example of the information which may be obtain from some stakeholder groups is shown in Table 1.
[bookmark: _Ref165672241][bookmark: _Toc165897200]Table 1 Stakeholders and associated knowledge base [7].
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Whatever the outcome of the THA, the test program must be able to demonstrate compliance with STANAG 4439 and all test decisions must be justified and recorded. A basic THA was conducted for this project which focused on logistic and operational scenarios.
[bookmark: _Ref165886901][bookmark: _Toc165897185]Insensitive Munitions Testing and Compliance
IM testing is a requirement of the assessment of ordnance, munitions and explosive (OME) safety and suitability for service for (S3) [7]. With the need to reduce the fundamental dangers associated with the transport, handling, storage, and use of explosives there comes the need to test and certify new OME and reassess current in-service munitions to potentially utilise advances in technology to improve the IM signature of these munitions. 
The purpose of IM testing is to fully understand and characterise the response of a munition to specific threats identified in the THA and to establish if there is a need for mitigation to reduce the risks. AOP-39 has this written very simply which sums up the THA and IM test program in four words:
 [7]
The standard threats, associated tests, and the required test reaction for a munition to be considered IM compliant can be seen in Figure 1. The threats in Figure 1 are often common to all munitions, but additional tests can be added if the THA deems it necessary based on the test items environment. It is entirely feasible the THA may identify some threats in Figure 1 are not likely to occur and so these can be discounted – or tailored to the need of the test. Whatever the outcome of the THA, all test decisions must be justified and recorded. 
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[bookmark: _Ref165651357][bookmark: _Toc165897201]Figure 1 Insensitive munitions tests and required responses [8]
To achieve IM compliance a number of approaches can be used. These are considered direct or indirect methods. JSP520 discusses IM compliance ideally being achieved through the use of energetic material that is tolerant to shock, impact and heat but goes on to note there are other ways of achieving the same goal. These are:
· Designing and constructing a munition to resistant to threats.
· The use of mitigation on or in the munition including coatings, liners, and vents.
· Separation of munition using shielding and screens.
· Using packaging which can reduce the spread of the event or contain it completely [4].
Whether the munition achieves full IM compliance or not, there is still an primary safety requirement for the risks to be Broadly Acceptable or Tolerable and As Low As Reasonably Practicable (ALARP) [4]. Where the risk level is not Tolerable or ALARP, mitigation measures may be suggested. Mitigation techniques can be found in the “MSIAC MTM” (Mitigation Technologies for Munitions) Database. The database is searchable, containing state of the art mitigation technologies which can help satisfy IM requirements [9].
During the life of a munition, it will be assessed again in what is known as a ‘Mid-Life Improvement’, or MLI. During this process it may be necessary to replace some energetic components of the munition. This provides an ideal opportunity to reassess and potentially improve the munition’s IM signature. However, for the purposes of this report, only the initial IM test program will be discussed. Specialist engineering judgement may be required to determine if tests need to be repeated following MLI.
[bookmark: _Toc165897186]Insensitive Munition Tests
There are six tests for a standard IM test program and for each test there are at least two test methods available. The method will be dependent on the threat identified in the THA. 
IM testing requires logistical and/or operational scenarios, but it is not always necessary to perform both. The logistical tests consider the munition while it is being transported. During these tests it is usual the munition is packaged as it is unlikely the munition would be transported unpackaged. Having said that, if the THA identified a situation where the munition may experience a logistical threat whilst unpackaged, there would be a requirement to assess its response to this stimulus. Operational tests consider the munition while it is in field use and may be packaged or unpackaged. To provide context to the above, consider a box of grenades. While they are in their approved packaging, they are in a logistical configuration. Once they are unpackaged and placed in a soldier’s vest pouch, they would be in an operational configuration.
At the point of testing, the munition must be at its final production standard. For each test outlined below, setup and collection of test data and conditions will be in accordance with the associated STANAG. 
[bookmark: _Toc165897187]Fast Heating
STANAG 4240 [10] outlines the fast heating test procedures, these will be summarized below.
The fast heating test is designed to simulate the most intense heating scenario likely to be created in a hydrocarbon pool fire rather than a particular detailed scenario. This could be encountered in an aircraft or vehicle attack or crash.​ Three test methods are available:
1. A large pool fire using liquid fuel.
2. A fuel burner fire using gaseous fuels.
3. A mini pool fire using liquid fuel.
The THA indicated the munition would be best suited to the standard large fuel fire test due to its dimensions. The munition is placed in a hearth and completely engulfed in a fire. It was originally decided a minimum of three tests were required. One logistical test and two operational tests. After reviewing the possible configurations of the munition in operational settings, it was decided an additional ‘all-up round’ operation test would be required.
Required test reaction – no more severe than type V burn.
[bookmark: _Toc165897188]Slow Heating
Slow heating test standards are detailed in STANAG 4382 [11], and an overview provided below.
This test aims to represent a threat from a nearby fire such as in an adjacent explosives store. The slow heating test is frequently conducted on test items in logistical configurations only.
Three test methods are available:
1. Preconditioning of test item in an oven set to 50◦C until the item reaches thermal equilibrium then increase the temperature at a rate of 15◦C/hour until a reaction occurs.
2. Heating rate is based on the THA, temperature pre-conditioning is optional.
3. Hazard classification method – gradually increase the temperature at a rate of 3.3◦C/hour, until a reaction is seen. Temperature pre-conditioning is optional.
Method three was selected as the data from this method could be used in hazard classification assessment at a later date. Only two logistical were deemed to be necessary – packaged and unpackaged from the wooden transport crate.
Required test reaction – no more severe than type V burn.
[bookmark: _Toc165897189]Bullet Impact 
The bullet impact test looks at the threat of attack by small arms fire. Test standards are detailed in STANAG 4241 [12], and an overview is provided below.
Three test methods are available:
1. Determine the response when hit by 3x 12.7mm armour piercing projectiles​ – shown in Figure 2.
2. Determine the response when hit by 1x 12.7mm armour piercing projectile​.
3. Determine the response when hit by one or more projectiles that are representative of those the test item will encounter as determined by the THA.
As can be seen from the methods available, the test can be modified based on a specific threat hazard. The third method of testing would allow for exotic threat calibers (e.g. 7.62 x 39mm armour piercing) to be tested. The standard tests have some restrictions and must not contain tracers, pyros, high explosives or an incendiary composition​.
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[bookmark: _Ref165895030][bookmark: _Toc165897202]Figure 2 Three 3x 12.7mm armour piercing projectiles.

It was decided, based upon the THA, to follow method one for testing. In field use, the cratering charge is more likely to come under sustained attack, rather than being fired at once. For this method an impact velocity of 850 ±20 m/s is required with a rate of fire equivalent to 600 ±50 rounds per minute. Two logistical tests and two operational tests were chosen. This would allow firing at both the charge bags and the shaped charge in individual tests, with the other component sitting adjacent.

Required test reaction – no more severe than type V burn.
[bookmark: _Toc165897190]Fragment Impact
The test specification is detailed in STANAG 4496 [13] and an overview is provided below.
A fragment impact test uses an explosively driven fragment to assess the munitions response to attack.
The fragment to be fired sits inside a sabot and is passed through a stripper plate, to remove the sabot, before impacting the target. To ensure the required extreme muzzle velocity, the bore of the gun is evacuated before firing.
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[bookmark: _Toc165897203]Figure 3 Standard fragment dimensions [13]
There are two methods available:
1. High velocity fragment impact. The fragment must reach a velocity of 2530 ±90 m/s. The test is typically fired from a specially designed 40mm gun system, shown in Figure 2.
2. Low velocity fragment impact. The fragment must reach 1830 ±60 m/s. The test uses a 30mm gun system.
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[bookmark: _Ref165743792][bookmark: _Toc165897204]Figure 4 Fragment impact test 40mm gun and stripper plate​.
Method one was chosen as the THA indicated the cratering charge would likely come under attack from higher velocity fragments.
Required test reaction – no more severe than type V burn.
[bookmark: _Toc165897191]Shaped Charge Jet Impact
The test specification is detailed in STANAG 4496 [14] and an overview is provided below.
This test assesses the response of the munition to a threat such as a rocket propelled grenade.
There are two methods available:
1. Subject the test item to a jet from a shaped charge representing rocket propelled grenades (RPG)​.
2. Subject test to a well characterised shaped charge jet as documented in the THA​.
Figure 4 shows a potential test set up. The jet is fired through a conditioning plate which represents the nose probe of the RPG and when the jet hits the test item it is then fully representative of an RPG.​
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[bookmark: _Ref165823267][bookmark: _Toc165897205]Figure 5 Shaped charge jet test set up

STANAG 4496 provides information on producing a suitable jet and its required characteristics.
Method one was chosen as an RPG attack is a realistic threat in the field and potentially during transport. One logistical test and two operational tests were chosen.
Required test reaction – no more severe than type III explosion.

[bookmark: _Toc165897192]Sympathetic Reaction
The test specification is detailed in STANAG 4396 [15] and an overview is provided below.
The sympathetic reaction test looks at detonation of an identical adjacent munition only. 

Two methods are available:
1. Detonate donor munition if it is designed to detonate.
2. Initiate donor munition with a credible threat, producing a worst case response​.
As the cratering charge is designed to detonate method one was chosen.

There are only two logistical tests required. One with confinement and one without confinement. Any confinement in the test should represent typical storage and transportation conditions. For this munition it would be tested fully packaged in its wooden crate in the confinement test. The unconfined test would be fully packaged excluding the wooden crate.​ Required test reaction – no more severe than type III explosion.
A drawback is this test only looks at detonation of identical munitions. There is a possibility of storage with other munitions but without the knowledge of exactly what, it is not practically or financially possible to carry out testing on a wide range of munitions.​

[bookmark: _Toc165897193]Munitions Safety Drop Test
During the THA, the potential for the munition to be dropped during transport was identified. This may be from failed equipment. 
The test specification is detailed in STANAG 4375 [16] and an overview is provided below.
There are three methods available:
1. Munition dropped from a minimum of 12ft/40ft. This height can be increased as required.
2. Height is derived from deployment drop situations identified in THA​.
3. THA identifies more severe conditions such as drop on to a spike​.
Method 1 was chosen as the most likely scenario from the three methods available. The test must be conducted in each of the three orientations and the likely temperatures the munition will experience during transport must be considered, pre-conditioning can be used if required. It was noted that a drop during transportation would most likely mean the munition was fully packaged as there were few reasons to be unpackaging the test item during transport.

Each cratering charge must not be used more than once and the desired outcome from the test is simply no visible reaction – damage to the casing is acceptable. As this isn't a standard IM test it does not have a standard reaction as shown in the reaction in Figure 1.​

This test does not assess drops from moving vehicles, the effect of falling on a munition, or impact caused by jettisoning munition from an aircraft.

[bookmark: _Toc165897194]Tests Summary
Following completion of testing and analysis of the results, recommendations can be made. Any modifications which are implemented would mean the tests need repeating. If the cratering charge responds appropriately to all tests it can be considered IM compliant. If not, partial compliance may be noted and the risk level assessed by an appropriate body.


























[bookmark: _Toc165897195]Conclusions and Reflections
During the project the author felt her role was a little more detached than perhaps some of the other group members as the IM test program could be initially drawn up based on historical data. As the project progressed and more information was available on packaging, potential transport configuration etc, it was possible for the author to be more involved. This is not a criticism of the team but rather a reflection on the lack of stakeholders in this situation. It was noted earlier in the report that gathering information from stakeholders informs the direction of the IM test program, in the real world the author would have conducted more research on the life-cycle of the munition.
It is felt the group worked well as a team and created a credible design with realistic tests programs. In future, to aid communications, the author feels in person meetings would be beneficial, however, given the team worked in different locations this was not practical on this occasion. The presentation was well received by the customers and the effort put in to preparing it was fed back to the group. Ideally more full run throughs of the presentation would have taken place but this was another constraint of the team working in different locations.
Taking a more systems engineering approach to the project would have picked up on several areas the group missed. This would also be more time consuming and a larger team with more areas of expertise may be needed for this approach.
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Monday 12th February. 3pm. Group meeting notes.
In person
Present: SB, LM, SMC, MF, NC
The group discussed what needed to be covered to complete the assignment. It was agreed we cannot cover all parts that would be required in the workplace, but we could cover a good number of areas of expertise.
MF – Manufacturing
SMC – Modelling
SB – Chemical analysis
LM – Sequential testing
NC – non-sequential testing
SCM proposed fortnightly catch-up meetings on teams if people are available. These wouldn’t be mandatory but attend if you are available/are required. SCM was happy to set these up.
LM explained both sequential and non-sequential testing.
SCM suggested a route for modelling.
SB explained he has been working on some of these tests in the workplace so was very comfortable discussing them for the group project.
NC said she hasn’t been involved in any IM testing but was happy to read relevant documentation and learn.
MF started a discussion on possible options for design which would dictate his manufacturing route.

Monday 18th March. 4pm. Group meeting notes.
Present: SB, LM, SMC, MF, NC
On Teams
The group discussed our own parts of the project – testing plans, chemical analysis, manufacture, modelling. 
SCM commented on the difficulties of remoting into the University’s computers to perform full simulations. He was going to continue trying but explained he may have to resort to the student version of the software if problems persisted. 
MF noted that we needed details on the melting point of the TAWE Ex2024 composition, SMC took this forward and approached supplier (DH) for further details. In the same instance SMC also requested details pertaining to the EOS of materials. 

Group asked the question if we needed to use TAWE Ex 2024 for bag charges, as a previous model of the bag charges was pure RDX, SMC took this to customer (DH). 
SB showed some slides he had been working on and discussed a few tests in brief. 
SB created a shared area for us to put documents and relevant information. 
It was noted the bank holiday would be our next meeting date, so it was agreed to reschedule the next couple of meetings. 
 
Friday 12th April 2024. 4pm. Group meeting notes. 
Present: SB (absent, but passed on info to other members of team), LM, SMC, MF, NC 
On teams 
NC and MF showed slides from their presentations so far. NC noted the steep learning curve she had been on for this project and asked for her work to be reviewed to make sure nothing vital had been missed. LM offered to do this. MF noted a slide was wordy but there was no intention to read off the slide, it is simply a “for information” slide for another who wishes to read more. 
LM discussed his environmental test plans and where that fits into the overall project. It was discussed that SB will need some samples from LMs’s test so they can be chemically tested after aging. LM to discuss with SB.
SMC discussed ongoing issues with university software and how he was working around the problems. One solution has been using a student version of the software. It was noted this massively limits the model that can be produced but having a model is better than no model and useful data will still be obtained from the simulations. 
SB passed on that he was nearly done with his presentation. He is hoping to add in a few more images. 
Practice sessions for the presentation were suggested when we are all on campus next week. Dates and times for this will be discussed in person. 

Monday 15th April. 11am. Group meeting notes.
Present: SB, LM, SMC, MF, NC
In person
Team catch-up prior to the design review.
Each member briefly explained where their slides were up to and how work was progressing.
The group put together several questions on topics which needed clarification during the design review.
The group felt they were in a good position for the design review later on in the day.

Monday 15th April. 4pm. Design Review Meeting
Present: SB, LM, SMC, MF, NC, JS, DH
In person
Each member of the team explained to DH and JS what they had been working on, including any issues they had encountered.
MF explained in detail the design the group had taken forward and that this wasn’t very different from the original in the brief. The rationale behind this was explained and DH seemed content.
The date for the presentation was confirmed and DH said he was looking forward to seeing our presentations.
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Feedback below has been separated out by assessor and questions or commented answered in line for ease of reading.
From Dave Holley
Natalie.
IM testing regime understood.
THA understood look at exposure to relevant threats and recommend testing result.
Any packaging modifications recommended as a result of the THA.
Recommendations could be made based on the MSIAC Mitigation Database, but a credible alternative would be waiting until all testing is completed.
Waith this in mind, the IM testing could be performed early in the test series as a change to packaging at this stage would be cheaper compared with completing all tests, making a recommendation and then all tests would need repeating as they must be performed in the final build standard.
Where is the biggest hazard.
Fragment attack – this has potential to be much more sever than a bullet attack.
When do you start all up round tests  (Explosive/boosters individually.?)
Tube tests as pre cursors to find out explosive behaviour would be a good idea
The author feels this would be outside the scope of the IM test program but is something which would be taken forward to the team.
Where do you aim your bullet / fragment in the IM tests?
The aim point should create the most stressing condition for the test item, representing a realistic threat based on the THA. AOP-39 provides guidance on this but the aim-point has to be approved before testing by the National Authority.
Specifically, the bullet or fragment would be aimed dead centre of the shaped charge assemblies and bags. 
Spigot intrusion? Is this required? If not why not?
Spigot intrusion drop test was not indicated as high risk in the THA, therefore the standard drop test was selected. Additional testing could be conducted but factors such as cost, time and value need to be considered. Not all scenarios can be tested for and so the higher risk situations are tested for as a priority.
Package v unpackaged drop?
As the drop test aims to assess logistical scenarios it is unlikely the munition will be unpackaged in these situations. The THA indicated a packaged drop test was more representative of a credible threat and so this method was selected.
To All
What did it look like in the end?
This was something the group missed and would address in a continuation of this project and/or future work.
Test results. How were these promulgated?
Results from tests are collated into a test report which forms part of the safety case for the munition in question. Recommendations can be made based on the outcome of the tests. The report would be signed off by the project team and returned to the organisation who requested the testing.

From Jenni Steen
(6)Coplin – presented with audio only via microphone with no visual camera input. This is not ideal as it limits the ability to assess a number of important presentation skills such as body language, audience interaction etc. Good volume and pace, evidence of practice and a good understanding of material being presented. Unfortunately, it was distracting for the audience when the presenter asked for the slide to be changed as this could not be done remotely. This could potentially be avoided in the future by allowing the remote team member to have presenter rights via Teams.
Useful recommendations on easy improvements that could be made. Asking for the next slide is common practice in online DSTL and QinetiQ presentations, however, the author is grateful for this reflection and that it can be distracting to some audience members.
General – simplistic, effective theme used throughout. High contrast between text and background allows easy reading for the audience (personally a big fan of dark mode!). Suitable images used; however these are mostly given without captions which could limit the utility to audience understanding. For the most part slides contain a good amount of text (“shaped charge case” is a specific example of where there is a lot of text that is quite small and difficult for the audience to read but this slide was well spoken around). Some slides would have benefitted from having visual representation (example, the lab analysis sections could have had examples of TLC results etc), this would aid audience understanding.
Recommendations for image captions to be taken forward in future presentations. Although an explanation was provided for images in the non-sequential testing slides, the author fully agrees a brief explanation would add a lot of value to the presentation.
From Gareth Collett
1. Very good slide pack, which was relevant to subject matter. Too much info on some slides, which made details unreadable.
1. Question raised on quality of fill vs production rate. Answered well.
1. Question raised on wave shaper to reduce head space. Rationale understood.
1. What was the overall hazard classification for the system? This was lacking.
As this wasn’t requested in the brief from the customer, it is not something the team focused upon. Taking a systems engineering approach to the project would perhaps highlighted this requirement as an unspoken need from the customer and then perhaps the group could have created capacity to include this in the redesign work. The benefits of adopting a systems engineering approach to IM design is noted in literature [17, 5].
1. Choice of wooden crate was interesting. Relatively good argument for.
1. Climatic considerations covered well. 
1. Good analysis of cadmid cycle but could have perhaps structured presentation around it.
1. Liked the qualitative and quantitative approach adopted, including explanations of testing regimes.
1. We both covered the RDX issue, which was not responded to well. Rationale is that powdered RDX can appear with depletion of plasticiser ie FoI <30!
1. Would have been good to see all-up slide of design.
1. Not able to answer question well on fragment test – what is the velocity and shape based on?
The author does not recall this question being asking in the presentation; however a response is provided below.
STANAG 4496 is dedicated to discussing this question, and there has been considerable research by the Americans on it. It was decided that 2530m/s is the absolute upper limit of a possible fragment. MSIAC performed similar tests and came to the same conclusions. Different nations were using different shapes for this test which prevented accurate comparison of test results. It was decided a standard was needed. Many tests were performed on different shaped fragments (cube, sphere, conical). The final shape (conical tipped cylinder) was selected as this provided an acceptable compromise between repeatability and a realistic fragment shape.
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From: David Holley
Sent: Tuesday, March 26, 2024 5:50 PM
To: Stephen Mcangus (2113123) <2113123@student.uwtsd.ac.uk>
Cc: Gareth Collett <g.collett@uwtsd.ac.uk>; Jenni Steen <j.steen@uwtsd.ac.uk>
Subject: RE: Group Project: Further details on TAW Ex
 
Evening Steve :-
 
1. Melting temperature for the TAW Ex < used for both the design stage and modelling stage :-
TAW Ex is a plastic bonded explosive. The energetic constituents are suspended in a polyol to which a curing agent is added to obtain a solid product. It will not melt when heated but begin decomposing at around 205 degrees C and then ignite and burn at 220 degrees C.
2. Equation of state < for modelling purposes & safety data.
The information below, coupled with the information on the safety data sheet provided should be enough for you to estimate the heat of detonation, the combustion products and therefore estimate a TNT equivalence to compare explosives.
(From the bulletin on Moodle.)
Hi All.
I had a question from the MoD/Roxel/Illusion group (MoDRI?) yesterday concerning performance data (TNT equivalences) for the novel RAM mixed explosive  proposed for the filling of the device.
No data is currently available. However I have gleaned information that the explosive is a PBX containing 7 to 10% inert materials (Binder, anti-oxidising agents, surfactants, catalyst and curing agent) and 93 to 90% energetic filler which is a 50/50 mix of RDX and HMX.
The tolerance in the binder content is allowed so that the viscosity of the mix can be adjusted for filling.
In addition, the team are considering the replacement of 10% of the energetic filler with the new molecule CL-20 in attempt to augment performance.
Details of the physical properties and chemistry of these ingredients are readily available and thus relative power indices can be calculated.
Best Regards.
Dave and Jenni.
3. Do we have to use TAW Ex in the bag charges considering the Bag charges should be IM compliant being RDX Wax? 
No, the choice of explosives is yours. Please be aware, however, that there is the change of supplier to consider. Appropriate justifications for the choices made are required.
 
Best Regards
Dave
 
 
 
 
From: Stephen Mcangus (2113123) <2113123@student.uwtsd.ac.uk>
Sent: Tuesday, March 26, 2024 4:47 PM
To: David Holley <d.holley@uwtsd.ac.uk>
Cc: Max Fisher (2113637) <2113637@student.uwtsd.ac.uk>; Silas Blevins (2114158) <2114158@student.uwtsd.ac.uk>; Natalie Coplin (2113351) <2113351@student.uwtsd.ac.uk>; Luke Malcolm (2030773) <2030773@student.uwtsd.ac.uk>
Subject: Group Project: Further details on TAW Ex
 
Hi Dave, 
 
Sorry to be that pain in the arse coming for more information, but our team need a few details on the explosive: 
 
1. Melting temperature for the TAW Ex < used for both the design stage and modelling stage
2. Equation of state < for modelling purposes & safety data 
3. Do we have to use TAW Ex in the bag charges considering the Bag charges should be IM compliant being RDX Wax? 
Cheers 
Tall Man 
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