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[bookmark: _Toc200961160]Introduction 
To design a successful manufacturing, process the right requirements and stakeholders must be selected to help balance cost, reliability, and safety. This document looks at the details behind the decision making in choosing this design and how the overall design team work together. It takes feedback from presentation to improve upon the original proposal.
[bookmark: _Toc200961161]Manufacturing Requirements 
The first step is to gather the stakeholders who will interact with the system or have an influence on how it needs to be designed. This was narrowed down to 6 stakeholder who are defined as
· The operators that will be working on the production line 
· The quality team that are responsible for overseeing he product standard as well as the overall inputs and output of production 
· Planning and logistics are responsible for the movement of material and components onto and around the manufacturing site as well as the final product storage. These teams also look at the resourcing scheduling of people and material required for the process 
· Safety is responsible for minimising the risk of the process where possible in all areas from non-explosive to explosive. They also need to ensure not only the product, but the process aligns with all internal and external regulations and laws 
· Manufacturing engineers are responsible for managing the process and how it is run on a day-to-day basis and oversee keeping all the relevant paperwork up to date 
· Process engineers are responsible for implementing the process for a production handover, as well as any upgrades that may come during production use. Any major faults also fall to the process engineers to fix.
The requirements set by these 6 stakeholders fall into the categories: safety, capability, reliability, process, quality, logistics, and cost. From these categories, a list of requirements is created. 
· All key stakeholders require that the system must adhere to all relevant regulations & legislation (REACH, UK, International)
· The Manufacturing Engineers, Safety, Operator, and Planning & Logistics bodies require that the energetics shall be safe throughout the manufacturing process. 
· The Manufacturing Engineers, Safety, Operator, and Planning & Logistics bodies require that the non-energetics shall be safe throughout the manufacturing process. 
· The Manufacturing Engineers, Quality, Safety, Process Engineers, and Operators require that the manufacturing processes shall be easily trainable. 
· The Manufacturing Engineers and Quality body require that the system shall have a low defect rate throughout manufacture. 
· The Quality body requires that the manufactured system shall have a simple test/inspection process. 
· The Manufacturing Engineers and Process engineers require that the process be easily scalable 
· The Manufacturing Engineers and Planning & Logistics bodies require that the system shall be quick to manufacture.
· The Manufacturing Engineers/Safety/Operator and Planning/Logistics body requires that the equipment used to manufacture the system shall be reliable. 
· The Planning & Logistics, Process Engineers, and Safety body require that the processes used to manufacture the system shall be easily adaptable when required. 
· The Safety body requires that system manufacturing shall minimise waste.
· The Process Engineers' body requires that system manufacturing shall low capital cost.
· The Manufacturing Engineers and Planning & Logistics bodies require that system manufacturing shall have low labour costs.
· The Quality and Planning & and Logistics body requires that system manufacturing shall be efficient.
· The Planning & Logistics and Process Engineers require that system manufacturing shall have a low unit cost.
· The Manufacturing Engineers/Safety/Operator and Planning/Logistics body requires that the equipment used to manufacture the system shall be maintainable.
[bookmark: _Toc200961162]Process Background 
The process need to fit into the existing management structure set by the business starting at the lowest level of the on the shop flow operators, within the group there is a team leader that although classified as an operator has the responsibility of ensure that the process runs safely and reports any unexpected variation from input to output to their managers called process leaders. Process leaders deal with the day-to-day running of the process, making sure that the outputs remain consistent and that the correct information is being passed from operators. The manufacturing engineers are responsible for looking after all the paperwork that comes along with this process, making sure it is up to date and contains all the relevant information. Then the process engineers implement the process on site and ensure it runs smoothly and safely for production uses. Improvements are completed by them, and major faults are their responsibility. 
This process must be implemented using the following timeline by the process engineers.
· Acceptance testing before and after the machine is one site where it is compared to the requirements to ensure it can reach the expected level 
· Inert commissioning allows the process to run with limited risk to allow for any possible errors to be handled before moving to live material  
· Live commissioning to confirm that the process produces a working product that is repeatable 
· Once all the stakeholders have signed off on each stage, the handover from the process engineer to the manufacturing engineers and process leader takes place to deal with the day-to-day running.
[bookmark: _Toc200961163]Design Selection for Manufacture 
When selecting the manufacturing method to take forward, it came down to manual vs automation. At first glance, the manual method looked like it would be the cheapest to implement and have lower maintenance, which is the second most important requirement; therefore, it would be cheaper every year. However, when these methods are compared to the requirements, the automation system comes out to be the best option. Most of the top requirements refer to quality and reliability, which the manual system does not offer as well as the automated system. The safety team where consulted, and they concluded the manual process would pose a high risk to its operators. So, with all of this considered, an automated system was selected; however, a fully automated system would have an incredibly high maintenance cost, so a third option was created to meet both sets of requirements. The selected design is a hydraulic press that is a remote process for the weighing of the pellet and the pressing; however, the hopper is loaded manually, as well as a manual testing and segregation area.  This is a cheaper way to implement an automated process that has a lower cost and high reliability. The process is also fully remote with interlocked doors on the press room and the entry gates to ensure that no personnel can be within the potential blast during operation.
In the past the compression of RDX in a hydraulic press has had a few events in the past as high forces are being exerted on the explosive in the report done in 1988 by Coxhead and Czigledy [1] however using a interlock systems decrease the likelihood for operator injury although has no effect on the safety on the overall process. [1]
[bookmark: _Toc200961164]Critical Process Steps 
Using the results gathered from QFD 2 and QFD 3 shown in Appendix A, the digital scales were the most important function and would also help the most important controls of the pellets, being the weight. To back up the selection of the scales, though, even at QFD 1 (appendix A), weighing the material was identified as one of the most important process steps. Therefore, the digital scales can be identified as the most important process step.
[bookmark: _Toc200961165]Process Control Plan 
The critical step was selected as the weight of the material to ensure that the process remains reliable. A What-why diagram and a QFD 3 (shown in Appendix A) were used to help determine the best controls needed to implement the process; these are shown below:
Training – A ‘passport system’ will be implemented for operations, engineers, and maintenance teams. A certain level of training and shadowing will be required before being allowed to work on the process. This will have to be refreshed into be determined set of intervals to ensure competence remains up to date, reducing the likelihood of human error and keeping SQEP up to date.
Work Instruction – Process paperwork outlining the details of how to conduct the process from set up to shut down will be released to all personnel which including operators and engineers who will interact with the machinery and final product. These will be reviewed every 3 years at a minimum. If changes are made, these will need to be updated and signed off before implementing them, and a review will be required if issues are raised by quality or maintenance teams to ensure they remain up to date and relevant. These will also be in the control room and notice boards, so they can be referred to during the processing to check any information and procedures on a day-to-day basis.
Maintenance Schedule – As degradation of equipment and the calibration of the scales are the most important factors, a planned maintenance schedule will be implemented so parts can be changed out before a breakdown takes place and other areas can be checked for wear regularly, reducing the likelihood of a breakdown and an incident.
In process Inspections- These will be seen in two ways, inspection of the process as well as the operator. Select pellets from each batch will be tested on weight and geometry, as well as overall quality, to ensure that the process is producing minimal waste. The operators on the line will also have a process leader come visit the process at least once a week to confirm that all safety requirements are being met and instructions followed correctly.
Worker Traceability – This will be a stamp system where operators work on the batch, and when will is logged, this helps limit the likelihood of an intentional breach of the process instructions. 	
Calibration Test – Much like the maintenance schedule, specific calibration checks will be implemented. These will be done by maintenance using known waits as part of their planned maintenance schedule, as well as at the start of each shift using the same method. To ensure there is no calibration change during processing, all of the first batch of pellets will have to have weight and geometry tested then from then on, every 10 pellets from each batch. Any changes will be reported to the process leader.
Prestart and post-process Inspections - at the start and end of each shift, a series of checks and tests will have to be completed. There will be a checklist with a comment section provided to the team leader to tick off once that check has been completed, as well as any comments. These comments will also have to be reported back to the process leader. This will allow for traceability of any potential faults and the quality of the machine and material output. These will consist mostly of visual inspection as well as a calibration check at the start of the shift. Visual checks only at the end of the shift, unless the equipment is not used for 24 hours, then the calibration checks will also be required. 
Shift Handover – In between each shift there will be a half hour period where the team leaders of each shift can discuss the previous shift and go over its paperwork as well as preforming the calibration check with a known wait, any faults or inconsistencies are then discuss and can be monitored if necessary, this will help ensure consistency between the shifts and decrease the likelihood of information getting lost.
Defect Reporting – A defect reporting system means that any material quality issues that haven’t been caught up to this point could potentially be picked up on either before or after the process. This will be recorded on the paperwork and reported to the process leader. Once the pellet is pressed, if there is are geometry inconsistency, the same thing will also allow these to be logged as my show a wider issue with teg machine that needs to be looked at. 
Segregation of Materials – a segregation area allows rejects, pellets, and material to be separated from the accepted stock. This can be unaliased at any time to ensure rejects do not get sent out as accepted and are instead treated as waste.
Receipt Inspections – Throughout the process, the Team leader is responsible for completing paperwork on the process to ensure that it stays 
Incinerate – As part of any process, explosive waste is produced to ensure that it is disposed of safely, and an incinerator would be utilised to burn the reject pellet material and general contaminated waste produced during the process.
A QFD 4 determines the importance of each of these controls shown in Appendix B. Each control is given a score or frequency, difficulty, severity, and detectability to give an overall weighting to which factors are most important to control. The highest risk process is overfilling of the press from a mistake in the weighing process, which could cause an incident in the pressing chamber; therefore, maintenance and calibration are the most important control measures. 
[bookmark: _Toc200961166]Proposals for Manufacturing Verification Trials
During the implementation of the process, multiple trials will need to be conducted; the first set will be using inert material to ensure the machine can reach the required geometries and weights. Once the capability is proven, then it moves on to live trialing, which will consist of EMTAP (Energetic Materials: Testing and Modelling) [2] testing to confirm the material behavior as expected, as well as firings. 
Once the machine is fully implemented, all material going in and out will have a sample go through EMTAP testing to check its sensitivity levels and have a sample from selected batches fired once again to ensure that they remain consistent.
Trials on the comments of the machine will also need to take place to understand the potential wear and frequency that they would need to be replaced to have the most efficient maintenance schedule.
[bookmark: _Toc200961167]Team Collaboration 
Overall, the team worked successfully together. At the start, we all used our knowledge to input into the design process. Each person was able to offer an insight into their selected specialism and work together when there were gaps in the knowledge. The presentation came off very connected, as we were able to work collaboratively on most of the sections. 
[bookmark: _Toc200961168]Reflection and Lessons Learned 
Overall, the presentation and design process went very well during the presentation process, though a more constant and slower pace would help to convey my points to the audience better. Although the slides were rarely read from, there were still points where it was; however, feedback showed confident delivery overall. However, there were no references on the slide that would have to be included if completed again.  This report also looks into the safety aspect more than the presentation touched on. 
[bookmark: _Toc200961169]Conclusion and Summary 
A well-designed manufacturing process hinges on selecting the right requirements and stakeholders to ensure an optimal balance of cost, reliability, and safety. This document has explored the decision-making process behind the chosen design, highlighting how collaboration within the design team led to an effective solution and how well the team worked together to get there. By incorporating feedback from presentations, the initial proposal has been improved, ensuring a more comprehensive and adaptable approach. 
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Figure 1 - QFD 1 results
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Figure 2 - QFD 2 results
[image: A graph with numbers and a bar

AI-generated content may be incorrect.]
Figure 3 - QFD 3 results
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Figure 4 - Process controls
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Figure 5 - process noises
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Figure 6 - Manufacturing slide 1
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Figure 7 - Manufacturing slide 2
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Figure 8 - Manufacturing slide 3
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Figure 10 - Manufacturing slide 5
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Figure 11 - Manufacturing slide 6
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Figure 12 - Manufacturing slide 7
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Figure 13 -  - Manufacturing slide 8
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Figure 14 -  - Manufacturing slide 9
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Figure 15  - Manufacturing slide 10
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Figure 16  - Manufacturing slide 11
image3.tmp
Initiation Sub-System QFD2 Results

incnerstor N 0::
Grovy I 165

Voccum s 1

Avomer - N 1

yoroic Y

ntertock [l 66
Sensor [l 66
Buton [l 66

Avorav: - N |0

Dot ot I 2375




image4.tmp
Incinerator

Gravity

Vaccum Assist

Hydraulic

Interlock

Sensor

Button

Digital Scale

Process Techniques

12000




image5.tmp
Manufacturing Critial Process Control Importance

Ao

-

on

756

_ L

oo | smse | (mou | penmen | 3> | e
prunon oz Uevsuie essien
Sessduse) powelg

———

ons
ey
xay

3
g
F]
N

Hsuag
xay

sapesyo sateasjou
founzoy onesgieg

800

700

600

500

400

20

100




image6.tmp
Calibration Change Overtime
Build Up of Mositure

Degradation of Equipment During Service Life
Deterioration of SQEP

Deteriorationin sensor

Variation in Scale Material

Material Defects

Varlation in Material Quality

Variation inRDX Particle Size

Variation in RDX Density

Variation inAccuracy of Scales

Variation in Calibration of Scales

Operator SetUp

Power Fluxuation

Weather

Material Supply Chain

Overloading (too much material on Scale)
Humidity

Vibration

Manufacturing Critical Process Noise Importance

I 245

0 50 100 150 200 250

300




image7.jpeg
Manufacturing

Presented By: Libbie Bush

Produced using content generated by
the wider project team

' Work Based Group Project ACDA5022




image8.jpeg
RDX Pellet Process
Manufacture

Synthesis of

RDX Purification

Mixing
with Binders

Final Build Pelletising





image9.jpeg
Requirement
Manufacture

Overall systems
requirements

Internal stakeholder
requirements

) External regulators and
legislation

Identify hidden
requirements

(2]
——
(Y=Y

0

Requirements





image10.jpeg
. . Results from Pairwise Comparison
Requirements Gathering

Manufacture

Reliable
Process

Maintainable Low defect
equipment rate

Importance

'




image11.jpeg
Simplified Flow
Manufacture

Weight
Material

Dispense into
Die

Expel Pellet

Start Machine

Material
Pressed





image12.jpeg
Design Choice
Manufacture

Low Cost
Low Maintenance
Higher Risk to Operators

Projected Higher Reject
Rate

High Cost
High Maintenance
Low Risk to People

Projected Lower Reject
Rate





image13.jpeg
Process Layout
Manufacture

Loading/

Unloading





image14.jpeg
Installation Process
Manufacture

Acceptance Inert Live Production

Testing Commissioning Commissioning Handover





image15.jpeg
. Results from QFD 3
Process Technique

Importance

Digital
Scales

Hydraulic

System

Importance

'




image16.jpeg
. Top 3 Noises and
Critical Controls and from What Why Diagram

Noises

CEINJEULNE | Wastage

Change CLLCEEUEHY | calibration

G of Scales
Equipment DEIGECHTLM | Accuracy of

of SQEP Scales

Importance

7,




image17.jpeg
Process Control

Plan

Planned
Maintenance

Prestart
Checks

Calibration
Checks

Regular
Training

'





image1.png
23 Prtysgol Cymru
L) Y Drindod Dewi Sant
" University of Wales
Trinity Saint David




image2.png
2%0

20

150

10

0

Weigh Materal

Load Mateial

Shape materal

Star Machine

mSeres

Press Material

Expel Viaterial

Mansge waste




