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1. Introduction

This report will outline the customer requirements for an improvement to the current in service M67 fragmentation grenade. Using systems engineering tools an analysis into why the product needs altering from the desired customer requirements. All problems and possible solutions and outcomes will be discussed with the customer to find a viable engineering solution.  
A trial will take place with the current in-service product to understand the performance criteria, then if any changes are made to the current product or an alternative solution is a better choice, then a repeat of the trial to assess the performance of the new product will be taken. All results will be compared and evidence will be provided to the customer to highlight any improvements in the product.

2. Customer Need / Requirement

The customer requires if there can be an improvement in the performance of the M67 fragmentation hand grenade. The current in service M67 hand grenade is used as a field weapon by ground troops for the purpose of clearing out buildings or trenches and cause damage to infantry by means of fragmentation.
The M67 hand grenade has been in service since the 1960’s and not much has changed due to its ease of use. It has spherical steel body which contains roughly 180g of composition B explosive. [1] It has an M213 pyrotechnic delay fuse attached to the body. It has a safety clip to hold the safety pin in place to avoid being accidentally being dislodged. The safety clip prevents the lever releasing the spring-loaded striker which initiates the fuse assembly. Its current design specifications/use are to be thrown to a distance of around 30 to 35 metres by an average male soldier and to produce steel fragments to an injury radius of 15 metres and a fatality radius of 5m.
The new requirements are for the grenade to be thrown a further distance and contain more payload to disperse fragments at a larger radius. There is a requirement to keep the cost to a minimum and ensure the maximum performance without any hinderance to the end user.

3. Root Cause Analysis

a. Problem/s; [2]
· Insufficient explosive charge to produce a large shockwave
· Lack of performance in producing fragments at a long distance
· Non-adjustable fuse timing
· Lack of ergonomic design to fit the hand to be thrown further

b. Possible causes;
· Lack of training and experience using the product
· Limit of explosive fill due to size of hand grenade thus not producing enough energy to project fragments to a larger lethality zone.
· Capability of solider to deploy the grenade due to bulky nature and design.
· Lack of adjustable timing fuse
· Atmospheric issues

c. Solution/s;
· A variable timing system to allow the fusing system to be adjusted to a suitable timing.
· A robust weapon delivery system which allows the item to be thrown or projected at a much further distance, allowing a much greater stand-off for the user, allowing a greater distant for shielding.
· A more ergonomic design to fit the user/s hand correctly
· The explosive fill can be altered/changed to enhance the performance criteria.
· An etched metal case could produce more fragments thus creating a larger fatality zone.

4. Pugh Matrix

In order to compare all the possible solutions to overcome the issues discussed, a Pugh diagram [3] has been used to give a scale of importance in the new design criteria matched against the customer requirements. 
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	1
	3
	2
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	3
	2
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	0
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	3
	11
	8
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	-8
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	0
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From the Pugh diagram we can input both our customer requirements against our possible design solutions and score them in achievability in gaining the best result. We can see before the criteria has been weighted the option for a larger payload in the body of the grenade comes out as the most viable option.
Scale used for weighting the customer requirements;
1 =  Minor/low importance to the customer
2 =  Moderate importance to the customer
3 =  Important to the customer
4 =  Very important to the customer
5 =  Maximum importance to the customer
After weighting all the criteria in the Pugh matrix, we can see that the same solution of the greater payload comes out on top closely followed by the new fusing system for the grenade. The idea of using a new weapon system or a new redesign of the grenade are not feasible options therefore we won’t be taking them any further. This is not a feasible option due to the re-design/manufacture of the whole body of the grenade to allow the attachment of a fusing system, other issues could be caused in terms of testing/proofing to ensure the item is safe to deploy, this all incurs massive cost. 
The Pugh matrix does have its limitations in some aspects of the design/selection process. It could be a lot more detailed into the way in which the whole use and lifecycle of the product can be taken into account. This could be the length of manufacture time which could impede on the deployment of the article. The matrix could also include environmental aspects which could have some major bearing on whether any of the options are feasible. This could give a much more detailed version of the ‘perfect’ design prior to manufacture.

5. QFD Matrix

I have also looked at a QFD model [4] which is a tool which helps you choose the right design criteria compared to the importance for the customer, much like the Pugh matrix. 
From the QFD, we can see the overall score with regards to importance of design features in accordance with the customer requirements. They have been scored used the key on the right of the diagram. The design feature with the highest score will be the most feasible to overcome.
The design feature with the highest score is the explosive compound contained in the new design, closely followed by the overall cost of the item. This shows the same correlation with the Pugh matrix and we can now focus on achieving the correct outcome for the customer.
If we look back at the root cause analysis, we can see the problems that were initially brought forward by the customer;
· Insufficient explosive charge to produce a large shockwave
· Lack of performance in producing fragments at a long distance
· Non-adjustable fuse timing
· Lack of ergonomic design to fit the hand to be thrown further
From doing both the Pugh matrix and the QFD we can see a correlation in the design idea which suits the customer requirements and will fulfil the requirement. The design feature that is the most viable is to incorporate the original design of the M67 grenade but to establish a greater payload to enhance the performance with having little impact on the price of the unit at manufacture. There are some requirements that cannot be met in the redesign and all options of change will be discussed with the customer before the next stage of manufacture commences. To keep the product affordable, manufactured and deployable, not all the customer requirements could be met, the most feasible option to enhance the explosive performance which in turn will project fragments at a further distance can be achieved from the initial customer requirements.
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6. Non-functional requirements

There are set criteria which must be adhered to and followed stringently. There are laws on certain products which can be used for manufacture from COSHH regulations and choosing the right option can decide the length of the operation to change the internal payload. The new explosive material will have to meet all standards regarding safety, such as handling, storage and transportation to be a viable product. In order to proof/test the new design, it must conform within the set boundaries of the testing range, in terms of the NEQ of the explosive, fragmentation material and any noise mitigations that are put in place. The final product must abide by any international laws and regulations. [5]

7. Redesign/Modification to M67 Hand Grenade

At this stage we can now make alterations to our design of the grenade to incorporate all the above information to create a new design which meets the customers’ requirements.
· The function assembly needs to be the same in design to not change the overall functionality of the product, thus not requiring any new training programmes to be developed.
· The altered body size of the grenade to hold the new explosive compound must still house the current fusing and safety system.

Several different explosive compositions can be tested and evaluated to assess the peak performance required. The current payload is around 180g of composition B explosive, in order to fulfil the requirement, the current composition of explosive will be tested alongside several other selected explosives.

8. Trial Plan

The trial will be risk assessed and managed throughout by suitably qualified staff. All legislation will be adhered to on the proofing range and all paperwork required to undergo the trial will be completed and signed off accordingly. The trial will be run by an explosive trials conducting officer and a firing officer in charge on the explosive articles. All firing will be undertaken from hard cover inside the control building. This phase of the trial will only test a stationary grenade and will not be thrown.

a. Phase 1

The trial will take place on a proofing range, with a NEQ limit of 5kg. This will be more than sufficient to proof the explosive articles. A trial arena will be setup, with blast protection 360o around the explosive charge. There will be blast gauges and pressure gauges next to the charge and placed at several locations spanning away from the explosive. These will record all the data required to compare different compositions.

The current composition will be tested as a bare charge, starting from the current mass contained in the grenade of 180g, then increasing the mass by 20g up to a total weight of 300g. This will be to determine the performance of the explosive and help compare results.

Then RDX, PE7 and PE8 will all be tested in the same format to assess which of the explosive compounds has a higher shockwave velocity.

b. Phase 2
The next phase will be to test these explosive compositions in the body of the grenade and assess the performance of the fragmentation. The same arena will be selected from phase 1 for proofing the product, but the addition of high-speed camera footage will be installed. This will show slow motion footage of the explosive charge detonating and the spalling of the grenade body to form the fragmentation. This data will be recorded and assess to highlight the best performing explosive.
c. Phase 3
This will incorporate the whole fusing system and the new composition in the body of the grenade, to test the capability when the final product is assembled. The grenade will still be manually placed on the firing location and a remote lanyard placed around the safety pin so it can be armed from a secure location.

The same data will be recorded and compared with the original composition in the grenade. This will highlight the improvements in the product to the customer.

9. Conclusion

The root cause analysis helped break down the initial request from the customer to understand the problem and find a viable engineering solution. There were several issues from the customer requirements, lack of explosive payload and distance of fragments thrown. This focused the mind on finding solutions to solve these customer requirements and try to improve the final product.
The 3 design solutions I thought were the most feasible were then put into a Pugh matrix and a QFD diagram. This helps compare and score the design criteria against the importance to the customer. This helps find the most suitable and achievable outcome. This does have its limitations as it does not include any manufacturing information, any costing of products/manufacture and overall lifecycle of the product, from initial design to the end use of the product in the field. 
The 3 phases of the trial helped understand the initial performance met by the current in-service product in phase 1 of the trial and then phase 2 was used to compare all results to find the most viable explosive to meet the limitations of the customer. Once this was established, the payload was then assembled into the final body of the grenade and tested as a whole product. The trial was a success in terms of finding a replacement to the current composition in the body of the grenade and thus producing fragments at a larger radius due to the larger NEQ mass of explosive. This has met several of the initial customer requirements discussed at the beginning of this report.
In addition to the main requirement put forward by the customer, certain laws and other requirements would have been met along all stages of the development. This report mainly focused on the customer requirements to test/trial a new ‘design’. Using systems engineering tools has highlighted a good way of incorporating all the requirements laid out in the task in a format which helps break down any design features and score them accordingly. This report could have had more accuracy if manufacturing lead times were included, testing/proofing time of the ranges and all paperwork regarding legislation and law to be signed off were included.
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