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[bookmark: _Toc198113709]Abstract 
The assignment brief was to design a system which had the capability to neutralise a communications centre and project Trojan members vouched for this to be ethically appropriate. Every role contributed to the designing of the Trojan system and each Trojan member had a key role in the development of the drone system. Process safety had an integral role to understand the key stages of manufacturing the Royal Demolition Explosive (RDX) safely to reduce relevant hazards during the process. Safety of the drone was integral throughout the various stages of the systems engineering approaches taken for this drone to function accurately in the brief previously mentioned. Process safety allowed for a safe working regime which identified key hazards and controls to mitigate against the hazard from occurring or causing undue harm to personnel working within the facility. Process safety and design safety collaborated to use systems engineering tools as mixed and varied knowledge allowed for an increase in capturing relevant hazards within the manufacturing environment.

Process safety identified hazards throughout the designing of the system, initiation subsystem and the critical component in manufacture. The key hazard identified during manufacturing was the weighing of material which could cause an increase of friction and heat build-up as it progresses down the chute which could lead to inadvertent detonation. The ways process safety worked to mitigate against this was ensuring ESD compliant Nomex, compatibility testing of equipment and ensuring good housekeeping during manufacturing. 




[bookmark: _Toc198113710]1 Introduction
The work Based Group Project (WBGP) brief consisted of creating an explosive device with the capability of neutralising a hostile communications centre, housed on the second floor of an office block. The system created must be accurate to strike the target from one hundred metres away and limit the collateral damage to inside the target location only.

Each team member discussed about relevant experiences and from this team roles agreed upon and a task list was collated. Process safety attended multiple collaboration meetings to understand the manufacturing process of RDX. Team roles are displayed below in table 1. 
[bookmark: _Toc198023461]Table 1-Project Trojan Team Roles [1]
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[bookmark: _Toc198113711]2 Design Project Management 
Due to the complexity of the task given within the brief, designing an explosive system to perform as required participation from all team members. Product safety undertook the project manager role and created a task list with appropriate deadlines set for each team member. Regular meetings between members were also scheduled and recorded so that group work could be undertaken, and views shared depending on the task. This allowed for the task deadlines to be met with contributions from all members of project Trojan. These team meeting calls allowed for fluent communication during group stages and enabled for work to be completed within a quick period. 
[bookmark: _Toc198113712]3 Process Safety Role 
The role of process safety was to implement safety measures to reduce the risk of accidents occurring with respect to explosive material during manufacture. This consisted of regular collaboration with manufacturing to appreciate the process and provide an awareness of the hazards to which employees, infrastructure and potentially the wider public could be exposed to. Manufacturing explained the manufacturing processes to process safety to allow for all hazards to be captured during manufacturing,  from conducting this an evaluation was conducted and hierarchy of controls were applied to reduce the risk As Far As Reasonably Practicable (AFARP).
[bookmark: _Toc198113713]3.1 Process Safety Outputs
Process safety identified three requirements with relation to manufacturing safety. The requirements identified were relevant legislation and regulation complied with, safe energetic processes and safe non-energetic processes were undertaken. The first requirement enabled process safety to identify key legislation which is applicable to processes undertaken during manufacturing. Some of the key legislation for this process is the Health and Safety at Work Act (HASAWA 1974 [2]), Defence Safety Authority(DSA) 02 Ordnance, Munitions and Explosive (OME) [3] and Explosive Regulations 2014 (ER-14). This allowed process safety to identify key safety principles in terms of explosive safety and gave process safety an indication of the potential hazards which are likely to occur during the manufacturing stage [4]. Process safety also undertook key HAZID and HAZAN projects to understand the hazards within the facility, during the process and whilst undertaking the critical step, this will be detailed later in this report. 
During the design stage process safety had to ensure collaboration with all members to ensure that the system would perform as expected and could also be disposed of appropriately. This was communicated through completing private meetings with all members but particularly design safety, breakdown, disposal, testing and manufacturing. It was also processing safety’s responsibility to undertake Functional Failure Mode Evaluation and Analysis (FFMEA) and Process Failure Mode Evaluation and Analysis for multiple stages of the design including the manufacturing process. This enabled process safety of the potential failure modes which could enable system failure or potentially for the system to interact in an unintended manner. 
[bookmark: _Toc198113714]3.2 Process Safety FFMEA Contributions

[bookmark: _Toc196203558][bookmark: _Toc198113715]3.2.1 FFMEA Used for the Trojan Drone System
[image: A screenshot of a computer

AI-generated content may be incorrect.]The process safety engineer for the Trojan Drone project conducted an FFMEA for the drone system delivering the terminal effect as provided in the specification. The hazard which was identified during this process was delivering too much effect on the target (Too much blast wave produced) and therefore providing the possibility of inadvertent casualties being targeted by the blast wave during the detonation. Below in figure 1 this can be seen as the Risk Priority Number (RPN) is fifty-six which highlights the importance of this hazard being mitigated against. This can be viewed below in Figure 1. 
[bookmark: _Toc197953784]Figure 1-FFMEA on Delivering the Terminal Effect
[bookmark: _Toc196203560][bookmark: _Toc198113716]3.2.2 FFMEA for the Exploding Bridge wire (EBW) Sub-system 

Process safety also conducted an FFMEA on the Exploding Bridge-wire (EBW) detonator sub-system with the results which were derived from QFD 1 [1], this produced 4 main functions of which the EBW must perform. Due to the safety role being divided between design safety and process safety, two main functions were analysed separately as part of the FFMEA. Process safety analysed the importance of the EBW amplifying the explosive shockwave and containing the components of the detonator. The hazard identified for amplifying the explosive shockwave was an intermittent explosive shockwave from occurring in the system and hence causing inadvertent RDX detonation. This could therefore cause the system to go live and potentially detonate the RDX explosive composition within civilian areas. Implications could also occur in terms of the drone during disposal due to the RDX potentially in a live state and this needed consideration from breakdown and disposal. the RPN number is 245 and the FFMEA can be viewed in figure 2. 
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[bookmark: _Toc197953785]Figure 2- FFMEA Amplifying Explosive Shockwave

In terms of the Containing the components of the EBW detonator, the hazard identified was for the detonator to contain the wrong components as this therefore means that the drone system could perform out with its specification and hence the end affect will be unknown to the user controlling the drone system. The RPN of 24 for this function can be viewed below in figure 3. 
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[bookmark: _Toc197953786]Figure 3-FFMEA of Containing all EBW components
[bookmark: _Toc196203563][bookmark: _Toc198113717]3.3 Critical Component Parameter Diagram (P-Diagram) 
A parameter diagram is a tool which identifies inputs and outputs to a system which therefore can be used to identify the potential noises (external, unit-to-unit and Deterioration), control factors and side effects that may affect system, sub-system, or components. This therefore is a beneficial tool for process Safety and design safety to identify and implement measures which reduce the risk of system failures As Low as Reasonably Practicable (ALARP) in the design stage. The results from the P-diagram show that there are  factors which must be considered and controlled for the system to operate correctly, this is shown in figure 4. 
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[bookmark: _Toc197953787]Figure 4-P-diagram for the Sub-System Critical Component
Hence using the P-Diagram a what/why table could be compiled together, and this allowed product safety as well as process safety to understand the noise factors and important control measures must be installed to ensure the risk of the RDX not initiating properly is reduced. Many noises could not be eliminated due to cost, likelihood, severity. However, by using the hierarchy of control process safety managed to control the hazards present and ensure system safety throughout design. 

[bookmark: _Toc198113718]4 Presentation
[bookmark: _Toc198113719]4.1 Presentation Pre-Work

Prior to delivering the presentation for the Trojan Drone system project, process safety and manufacturing had discussions on the manufacture of critical component of the system during manufacture to help understand the key hazards which may be present within the manufacturing facility and ways to mitigate the risk of occurrence and severity. Manufacture found that the weighing process was identified as the critical process during the design stage. Process safety identified the most critical hazard which could be associated with the weighing process in that there could be a potential for friction to occur during movement from the digital scale to the chute. It was identified that if the scale weighed the RDX composition incorrectly and more RDX was delivered from the scale there would be more RDX on the friction and a possibility of more friction and heat being produced. This was included during the process safety section of the presentation to the customer. 
The design team constructed a presentation to be delivered to the  customer to propose the drone system created to neutralise the communications centre as stated in the brief. Each project Trojan member practised the presentation prior to presenting to the customer to allow for transitions to be fluent and project the best presentation for the design. Timings were also taken through practises to enable for strict time limits to be adhered to. Communication and handover were a key aspect during the presentation to ensure professionalism was achieved during the presentation. 
[bookmark: _Toc198113720]4.2 Delivery of Presentation 
[bookmark: _Toc198113721]4.2.1 Key Manufacturing Requirements 
During the project Trojan presentation process safety delivered a section on the importance of safety during processing. The first point delivered covered the importance of the key manufacturing requirements covered in the design stage of the project. The requirements listed were that processes must adhere to relevant Legislation and regulation (HASAWA 1974, DSA 02 OME and ER 2014), energetic processes must be made safe during manufacture and non-energetic processes should also be made safe during manufacturing.

 From the six key areas of safety within the HASAWA, three were implemented and focused on throughout the presentation. These consisted of ensuring staff have a safe place to work, are using safe equipment and trained correctly for the process undertaken. Throughout the process safety section, the ten key underpinning principles of explosive safety were covered [4]. 

[bookmark: _Toc198113722]4.2.2 Hazards within the Facility 
4.2.2.1 Electrostatic Discharge (ESD) Hazard
Process safety then presented two explosive hazards within the manufacturing facility as well as a generic health and safety hazard which may occur to meet all requirements outlined for manufacture. The first explosive hazards identified was the hazard of Electrostatic Discharge (ESD) causing inadvertent detonation to the RDX composition [5]. This is a hazard which  cannot be eliminated however, it can be controlled through the elimination of controls within the facility. This is typically caused by human stimulation and electrical sources. Some of the ways in which this can be controlled is the implementation of providing all staff within the facility with relevant Personal Protective Equipment (PPE) such as proband T-shirt, proband socks, proband trousers and ESD protective footwear. Another control measure which can be implemented would be humidity control within the facility, high humidity levels within the facility would be introduced as this allows some ESD to dissipate  [6]. A contraband system would also be introduced which would limit objects such as mobile phones, lighters, tobacco snus, radio transmitters and receivers entering the facility. 
4.2.2.2 Explosive Contamination Hazard 
The second hazard within the manufacturing facility which is an explosive safety hazard was contamination within the manufacturing facility. Contamination could create a variable of explosive compositions which therefore make it difficult to understand the different stimuli which may be susceptible to detonation (friction, heat, ESD, impact etc) [7]. This is typically cause by poor housekeeping within a manufacturing facility. This hazard can be eliminated by ensuring staff are professionally trained, good housekeeping standards are upheld, and pre/post clean down routines are integrated into manufacturing processes to eliminate this hazard. 



4.2.2.3 Slips, Trips and Falls Hazard 
The final hazard identified which is a generic hazard during manufacture is trips, slips and falls within the explosive manufacture facility. Slips, trips, and hazards are a dangerous hazard within most workplaces and therefore force a risk during explosive manufacture [8]. These hazards are typically caused by trip hazards, uneven surfaces, holes/damaged environment and environmental conditions (ice, snow, water etc). This is a hazard which can  be eliminated by measures such as ensuring high housekeeping standards, communications of events (near miss reports and event reports) and prevention methods (salt/grit for ice). 

[bookmark: _Toc198113723]4.2.3 Process Hazards 
For the press process the friction could impact the RDX as it travels down the chute, this a hazard which could potentially cause in advertent detonation during manufacturing process. The causes for this hazard could include the chute material, manufacturing environment and the gradient of the chute as the lower the gradient the faster the RDX composition travels down the chute due to gravity. This is another hazard which cannot be eliminated however, control measures will be implemented to reduce the risk of a hazard occurring. The control measures which would be implemented are ESD compliant chute, adjusting the gradient, installing a lip on the chute, belt speed testing and compatibility testing of the equipment. 

[bookmark: _Toc198113724]4.2.4 Weighing Process
[image: ]The weighing process was identified as the key step during the press process and therefore hazards must be controlled. A failure during the weighing process would enable an increased amount of RDX coming down the chute and could lead to contamination or inadvertent detonation due to friction or heat. This could be caused by digital scale failure or operator error. The ways at which this could be controlled would be to ensure training for staff, implement a pre-use check regime and ensure regular calibration for equipment. The design for the press process for weighing RDX is shown below in figure 5. 







[bookmark: _Toc197953788]Figure 5- Weighing RDX Process Labelled Diagram
[bookmark: _Toc198113725]5 Feedback from Presentation 
[bookmark: _Toc198113726]5.1 Team Feedback 
The customer gave the feedback that the project Trojan team delivered a well-connected presentation which shows a great understanding of the tool kit used during design stages. The slides presented were clear and concise allowing for understanding of the design. The introduction for team members was beneficial and allowed the audience to understand the role of project Trojan members. 
[bookmark: _Toc198113727]5.2 Process Safety Presentation Feedback 
In terms of process safety, the requirements presented were well understood and in relation to the relevant role. Non energetic and energetic processes understood with health and safety generic hazards also being included. A consideration from the customer would be to supply staff with Nomex instead of proband as Nomex mitigates against ESD. 

In terms of process safety presentation skills, process safety delivered the section of the presentation at a good pace and volume. A point of consideration is to read from memory and not from the slides presented which may allow for more audience engagement. Process safety delivered a confident delivery throughout.
[bookmark: _Toc198113728]6 Potential Design Changes/ Alterations  
[bookmark: _Toc198113729]6.1 Team Feedback Changes

The overall presentation performed was confident and fluent as given by the feedback by the customer. It could be beneficial to try and include references as this demonstrates that each member has conducted thorough research within their role in project Trojan. This is a consideration which will be implemented to ensure further understanding of the information being presented is understood. 
[bookmark: _Toc198113730]6.2 Process Safety Changes
Process safety delivered a confident presentation which included a great understanding of requirements for manufacturing. A consideration which shall be made during explosive manufacturing  is to introduce Nomex PPE for staff working within the facility. This will reduce the likelihood of inadvertent detonation due to static electricity. The PPE provided to staff will include Nomex t-shirts, Nomex trousers, Nomex socks, Nomex shorts, Nomex overalls and ESD protective shoes. 

In terms of presentation skills, a consideration which could be made is to face the audience more and angle to face the audience instead of a side-on view. This is a consideration which will be implemented and used to project process safety information enabling for a clearer presentation. 
[bookmark: _Toc198113731]7 Reflection 

In terms of a reflection, process safety managed to integrate with all members of project Trojan to deliver a safe manufacturing regime with hazards mitigated against using the hierarchy of controls. The design made allows for the system to integrate accurately and deliver the intended effect whilst also keeping staff safe whilst working with hazardous material.
A lesson potentially that could be learned would be to conduct a greater extent of research into process safety and the operations which may be conducted during the manufacturing of RDX pellets. Another key lesson which process safety will take into consideration is to interact with more members within the group by conducting private one-to-one meetings to enable key understanding between all members and the topics covered in each role. 

[bookmark: _Toc198113732]8 Conclusion 
In conclusion, project Trojan produces a drone system which could neutralise a communications centre effectively to meet the specification brief laid out by the customer. Each member worked together to enable further understanding and to provide a fluent and comprehensive presentation which gave the customer an insight into the project Trojan design. Regular meetings were scheduled to ensure relevant deadlines were met using the systems engineering toolset. 

Process safety interacted with all members of project Trojan, this gave an appreciation of the process safety role and the role of members within the team. Manufacturing enabled process safety to understand the weighing of RDX process as well as the general press step of enabling the development of RDX into pellet form. This enabled process safety to identify ESD, contamination and slip, trips and falls as key hazards within the manufacturing facility. In terms of the press process the hazard identified and mitigated against is friction whilst travelling down the chute after the weighing process resulting in inadvertent detonation. 
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