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[bookmark: _Toc227059509]Introduction
This report will discuss and evaluate the performance and input of the research and development role for a university group project which was to design a concept to satisfy a customer brief. The brief was to design a light vehicle mounted landmine clearing system that would function in a hostile desert environment. 
The report will outline the role of the research and development team and evaluate the team’s output as well as the methods used to contribute to the concept design.
The final objective of the university project was to present the design to an assessment panel comprising of lecturers, subject matter experts and the group project team’s employers. A reflection on the research and development teams’ performance during the presentation will be included, alongside an evaluation of the final concept design.

[bookmark: _Toc227059510]Understanding the customer requirements
The customer provided brief for the minefield neutralising system did not explicitly contain a list of requirements. It was combination of a description of the operational environment, qualitative descriptions of the desired function of the system and a description of the mines expected to be encountered.
The first task undertaken by the research and development team (R&D) was researching the threats. These included an M15 High explosive anti-tank mine containing around 10 kg of high explosives and an OZM-72 anti-personnel mine containing around 660 g of high explosives. An up to date and detailed source on these explosives that are being used in the Ukraine conflict was provided in the brief [1]. The information in [1] aided the translation of the customer brief into requirements by providing accurate information on the amount of explosives in the devices, the types of fuzing commonly utilised and the function of the mines e.g. blast or frag.
Although the brief stipulated that the minefield would be located within a steep walled pass the exact location at which the minefield began was unknown. Therefore, research was conducted into standard burial depths for anti-tank blast mines and anti-personnel mines. There are many video resources covering the topic and ongoing research relevant to mine placement, depth and detection methods. According to sources [2], which discusses the application of ground penetrating radar for mine detection and [3], which contains mine disposal expert information. Generally, anti-tank blast mines are buried up to a depth of around 15 cm.
To ensure that safety was a consideration traceable back to the customer requirements relevant regulations DSA 02.OME Defence Ordnance and Munitions Regulations [4] and the NATO standard AECTP-230 CLIMACTIC CONDITIONS were included in the requirements and used to inform the concept development process.
The research conducted aided greatly in facilitating the group discussion to generate a robust set of requirements and identify the required functionality of the system. Sharing the knowledge gained with the other group roles e.g. manufacturing, safety, test and evaluation etc. contributed greatly to improving the accuracy of the scorings in the pairwise comparison and Quality Function Deployment matrices as it reduced the number of assumptions about the operational environment, threat and safety implementation.
This demonstrated the importance of the R&D role in reducing uncertainty and improving the reliability of early-stage design decisions.
[bookmark: _Toc227059511]Generating the Concept
Firstly, the critical functionality and sub-functions were identified by the group. This information was then fed into a Function-Means Analysis (FMA) to begin discussions on what means can be employed to achieve the required functionality. For this activity, the R&D team conducted research into current mine clearing systems and reports on their effectiveness. Systems of note included:
· Mine Plough – A heavy armoured vehicle mounted Plough that neutralizes mines via displacement. The displacement often detonated the mines however the operators were protected by the vehicle armour. A weakness of this system is that large blast anti-tank mines could cause concussions for the operators.
· Mine Clearing Line Charge – A rapidly deployable tube containing high explosives that detonates the mines along a linear path. Man-Portable options available with less range. A great solution but the customer was concerned about unexploded ordnance being left behind.
· High Pressure Water Jet – A remote system with a mounted high pressure water jet capable of deflagrating (rapid burning) the high explosive within the mine. A very safe method of mine disposal but time consuming.
· Mine Kafon Ball – Further information on concept on their website [6]. An experimental concept design for a ball shaped, wind powered system that actuates mines pressure plates. 
The research performed contributed to the group producing a reasonably comprehensive Function-Means Analysis, a snapshot of which can be seen in Figure 1.
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[bookmark: _Ref226981001]Figure 1: Function-Means Analysis
Using the solutions suggested in the FMA the generation of whole system concepts was conducted by the R&D team with group input used to decide which concept would be developed further.
The concept agreed upon by the group was a system dubbed the “Rocket Rake” (Figure 2). The system would neutralize the minefield in a similar fashion to the Mine Plough. However, the Plough system would be adapted for integration into a light vehicle. This would be achieved by mounting a rocket motor powered rake launching system to a light vehicle (Toyota Hilux). The rake itself would be attached to the vehicle with enough length at full tension to provide safety to the operators from any mine detonations. During the raking process any anti-personnel mines would be detonated. Research indicated that many anti-tank mines’ fuzes would not be actuated by the raking process therefore the mines that did not detonate during the process would be neutralised using a drone mounted explosively formed projectile (EFP). 

[image: ]
[bookmark: _Ref226982755]Figure 2: Rocket Rake
Reflecting on the concept generation process, the R&D only conducted rudimentary research into the confirming wether the solutions proposed were possible with currently available technology using simplified equations. Equation 1 was used to estimate whether the light vehicle would have enough power to pull the Rake with the force required being between 200 – 600 Newtons. The example vehicle tested, the Toyota Hilux was capable of producing this level of force.

[bookmark: _Ref226983869][bookmark: _Ref226983851]Equation 1: Draft Force Equation [7]
However, there are considerably more accurate models available for calculating this which include the shape of the implement used, the traction of the vehicle etc. [8]. Furthermore, the power of the blast produced by the anti-tank mines was mostly overlooked during the concept down selection meeting. A simple calculator available from the International Mine Action Standards (IMAS) website indicated that the safest distance from a 10 kg anti-tank mine would be further than 690 m [9]. 
Conducting more detailed research and calculations prior to submitting the concept to the team may have resulted in another concept design being chosen and would have supported the test and evaluation team by providing them with more data.
[bookmark: _Toc227059512]R&D Output Contributing to manufacturing, safety and T&E
During the next stages of development which involved determining the manufacturing process, trials to be conducted, and ensuring the thread of safety ran throughout the project the group held frequent meetings to discuss progress.
During these meetings, numerous risks for the system were being highlighted. These risks included:
· What materials would be durable enough for the rake to survive multiple detonations.
· How accurate was the formula used to calculate the torque requirement
· How would the system survive fragmentation from the anti-personnel mines
· The durability and effectiveness of the drone sub-system.
To support the identification of solutions and mitigations to these risks, the R&D team assessed whether each risk was relevant, conducted further research, and proposed potential solutions to the group. 
For example, in addressing the fragmentation risk, research was conducted into the materials used in anti-personnel mines, the kinetic energy of fragments produced by approximately 660 g of TNT, and the level of protection required to mitigate this threat.
This information was then relayed to the relevant groups: The manufacturing team was informed of the type of armour material so they can decide if an off the shelf solution or bespoke solution is required. The Trials and Evaluation team was informed so they can design trials to validate the effectiveness of the armour. The safety team was informed to ensure that the proposed solution meets safety regulations and legislation, and the disposal team was informed so they can develop the appropriate disposal procedures.
When developing the concept and proposing methods to mitigate risks, the R&D team utilised the Kano Model to distinguish between essential functionality and “nice-to-have” features for the customer, aiding in the mitigation of scope creep and gold plating when discussing options with the group.
[bookmark: _Toc227059513]Evaluating the presentation
The R&D team’s role in the presentation covered introducing the group and the project, explaining the operational environment and threats, deriving requirements from the customer brief, demonstrating the research undertaken to understand the means of delivering the requirements, introducing and explaining the concept’s key functionality, identifying the risks and presenting how the R&D output leads into manufacturing.
The R&D team introduced and explained the operational environment and threats very confidently. Having done the relevant research, they were very aware of the important factors influencing the systems design.
Presenting the statement of need accompanied by some examples of the requirements that were derived from the customer brief and then supporting with a slide that included the most important requirements identified by the pairwise comparison was an effective means of building the systems engineering process narrative for the audience. However, the R&D team member presenting may have relied too strongly on reading off the slide for this section rather than addressing the audience directly. Looking at the statement of need slide (Figure 3), including less text and combining the statement of need and critical requirements chart into one slide may have resulted in the presenter relying less on reading off the slide for this section.
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[bookmark: _Ref227057408]Figure 3: Statement of Need slide
The following sections covering the research conducted, concept functionality, risks and feeding into manufacturing were presented well and supported by well designed slides that supported the information being delivered without requiring the audience to read too much. See example slides below.
[image: ]
Figure 4: Mine Clearing Methods Slide
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Figure 5: Critical Analysis of Concept Slide
[image: ]
Figure 6: Rocket Rake Selection Slide
The final section presented by R&D covered how their work fed into the manufacturing, the next team to present. This provided a consistent flow to the presentation narrative. The slide itself Figure 7 is visually striking and utilises chevrons to visually support the explanation of the process. However, despite limited text on the slide it does contain a large amount of information that may be difficult for the audience to parse. Furthermore, given the total length of the presentation was limited to 45 minutes and there were 6 groups presenting their topics this leaving around 8 minutes total for the R&D team to present their work. The final section leading into manufacturing was rushed. 
[image: ]
[bookmark: _Ref227058219]Figure 7: Feeding into Manufacture Slide
A suggested improvement that could be made to the R&D presentation overall would be to further condense the information presented to critical information that supports the audience’s understand of the concept. This would result in the presenter talking at a more comfortable pace and improving clarity of the material presented.
[bookmark: _Toc227059514]Conclusion and Reflection
The R&D team worked cohesively with the group to provide the necessary information and outputs to support the development process. This resulted in a novel design, that while having a number of risks appeared at its current stage to be capable of satisfying the customer requirements. 
The presentation prompted a satisfying reaction from the audience with many valuable responses and questions to consider when continuing to iterate on the design.
While the R&D team conducted extensive research across multiple stages of the development process. They often conducted the research in response to discovering a risk while developing the concept that was previously not considered. This resulted in meetings where the project group’s confidence in the design solution selected was brought into question and where the respective team would have to reconsider some of their processes to accommodate for the new findings.
For future projects it would benefit the design team to conduct more thorough research prior to the concept generation phase to begin with more robust designs rather than require extra iterative measures and meetings costing development time.
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Rocket Rake
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Statement of Need

Key points derived from customer brief

« Apersistent ground to air MANPAD threat makes
helicopter use too risky.

« Time on the operation is critical. The emphasis is on a
rapid move in, clear the objects and move on.

« Use of Mine Clearing Line Charge requested to be
avoided.

« Issue with transporting heavy vehicles to the location.

« Design a portable (Land Rover or Hi-Lux) mine
detection, clearing and marking system to ensure safe
passage for this and future convoys.
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Current mine clearing methods
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Why was the Rocket Rake selected?
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