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The design team created a notional fireworks display by using systems thinking to divide the activity up into its critical and non-critical functional parts to research and contribute to the display. The integral functionals were identified and then divided amongst the team, whereby they each went off and explored the requirements to deliver a booming fireworks display, which included planning, equipment, safety, procurement, project management, firing sequence, environmental factors, and post-event clean up.
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[bookmark: _Toc150075843]5: Introduction 

5.1 The final assignment, as the Level 4 OME Higher National Certificate concludes, is the presentation of a group project to deliver a firework display at The University of Wales Trinity Saint David. The following roles were considered and allocated to each team member:

· Systems (Jon Walton)
· Project management (Callum Eaton)
· Firework Simulation (Scott Copperthwaite)
· OME (Charlie Davies)
· Safety (Joe Lyons) 
· Weather & Shell Calculations (Shaun Malone) 

Considering the above, the fireworks display must satisfy the following criteria:

1) “The display theme needs to represent OME, the university and education.
2) They will be fired from the quayside near the IQ building (Plans provided). 
3) The audience will be in and around the IQ campus. (Safety trace to be calculated)
4) At least 30 seconds is required (excluding any time to effect), though up to two minutes is desirable.
5) The materials budget for the fireworks display is £2000 per minute of display or a max of £10000.
6) The display shall not break any legal limitations/regulations.
7) ‘Fall-Out’ (airborne display debris) shall be assessed, and any associated safety issues addressed.
8) Logistics and safety plans will be required.
9) Environmental effects are to be considered and documented (disposal, site contamination, air pollution, etc.)”

[bookmark: _Toc150075844] 5.2 Assumptions (Opening)

5.21 Initially, the assumption for this fireworks display was that the group was not a professional company, nor had the required competencies in place which would allow the purchase and use of category four fireworks. These assumptions further limited the display in the following ways.

Due to being an unprofessional entity, with access to only Category 3 fireworks and no Explosive storage license as issued and required by the HSE as laid out in ER2014 [1], a total of 100kg of Hazard Type 3 fireworks could be sourced and stored at location (see below figure (5.3.1))

[bookmark: _Toc150075845]5.3 Assumptions (Closing)

5.31 The assumptions changed after the second design review, whereby questions were asked by the design team about the initial assumptions and discussed with the view being different by the OME Tutors. The assumptions then changed in the following ways:

1) The design team was now considered a professional entity, which allowed the team to access category four fireworks.
2) The design team met the requirements laid out by ER2014 that allow the procurement and storage of category four fireworks. 

 Due to the design team now being a professional entity with the relevant Explosive Licenses in place, a revised NEQ limit was sought. Using Tabel 10 in ER2014 and working out the Class E distance, the Vulnerable Building Distance. The UWTSD IQ building is classed as a vulnerable building because it falls within the following categories:

“(a) a building of more than three stories above ground or 12m in height constructed with continuous non-load-bearing curtain walling with individual glazed or frangible panels larger than 1.5 m2 and extending over more than 50% or 120 m2 of the surface of any elevation.
(b)a building of more than three stories above ground or 12 m has solid walls and individual glass panes or frangible panels larger than 1.5 m2 and extends at least 50% of any elevation.
(c)a building of more than 400 m2 plan area with continuous or individual glazing panes larger than 1.5 m2 extending over at least 50% or 120 m2 of the plan area; or
(d)any other structure that, in consequence of an event such as an explosion, may be susceptible to disproportionate damage such as progressive collapse.” [1]

Using Google Earth, A separation distance between where the fireworks are stored about UWTSD can be worked out see Figure (5.3.1).  Using the Total NEQ of the fireworks from the simulation program, see Figure (5.3.1.2) below, which equates to 116.24kg of HT 3. 
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Figure (5.3.1)
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Figure (5.3.1.2) 

[bookmark: _Toc150075846]5.4 Systems (Requirements)

The team member responsible for working out the requirements and using skills taught in Systems Engineering came up with the following by extrapolating the information for the briefing pack see below Figure (5.4.1):
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Figure (5.4.1) 

In the figure above, you can see a list of requirements that were gathered for the project. Most of these requirements are from the customer, which is the University. Still, the team also added a couple of requirements to ensure that important aspects such as safety and legal regulations were not missed.

To determine the functional requirements for the fireworks display, the team implemented a tool called a use case, as seen below in Figure (5.4.1.2). This tool helped build a flow of events that would lead to a successful display. From this flow in Figure (5.4.1.3), the relevant requirements were identified and organised into groups to identify any breaks more easily.
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Figure (5.4.1.2)
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Figure (5.4.1.3)


[bookmark: _Toc150075847]5.5 Systems (non-functional Requirements)

The team got together via Microsoft Teams© and decided on what the non-functional requirements were, as seen below in Figure (5.5.1). 
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Figure (5.5.1)
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The team concluded that the functional requirements were that in the Figure (5.6.1)
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Figure (5.6.1)

[bookmark: _Toc150075849]5.7 Systems (pairwise)

In the figure below (5.7.1), To determine the relative importance of the requirements, the team held a meeting and used the “Pairwise” comparison tool. The Team weighed each requirement against all the rest, which took some time. However, bringing the entire team together and approaching each comparison from a slightly different perspective allowed the team to get a much better picture of which requirements were the most important. The results were then more accurately weighted in the next stage.

The results showed that complying with legal limitations and regulations was the most critical requirement. The reason for this high weighting is that the safety of the public and those working with the pyrotechnics is a top priority, and the laws and regulations put in place by the government and the HSE are designed to protect the populace. Logistics and safety plans being implemented came in second, followed swiftly by considerations being made towards the environmental effects that could take place.

.
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Figure (5.7.1)

[bookmark: _Toc150075850]5.8 Systems (importance) 

From the Pairwise tool, the design team identified further limitations placed on the team by the customer regarding the firing point and the location of bystanders. This put these two requirements high in importance, as most of the simulations would have to be done with these locations in mind.

Based on what is observed in the below Figure (5.8.1), three things on the list rate very low down: the display date, the budget, and the duration of the effects. It's important to note that while the requirements are significant, they are secondary to the safety and physical limitations placed on the team. 
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Figure (5.8.1)
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Upon determining the importance of requirements, the team utilised the Quality Function Deployment (QFD) methodology to enter the relevant numbers into the House of Quality, as seen below in Figure (5.9.1). This enabled the team to effectively compare the functional and non-functional requirements, thereby highlighting the critical functions of the display by identifying the relationships and correlations between them.

As a result, the conducting of the fireworks display was deemed the most vital function, given that the entire event hinged on the success of this component. Due to the strict regulations and constraints placed on the team, the firing point and viewing areas were given high ratings in the House of Quality.

Conversely, the delivery of pyrotechnics was deemed the least critical function. It is important to note, however, that this does not negate the significance of this function but instead underscores the greater significance of other aspects of the display that have a far-reaching impact.

The levels of importance can be seen below in Figure (5.9.1.2).
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Figure (5.9.1)
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Figure (5.9.1.2)


[bookmark: _Toc150075852]5.10 QFD 2- Determining Critical Features

To identify the most important features that had the most significant impact on the display, the team used QFD 2, a system engineering tool. This tool helped to compare the relationships between system functionality and the proposed solution in the function means analysis, which helped to identify the critical features of the display. 

Based on the graph presented below in Figures (5.10.1) and (5.10.1.2), it is evident that high importance was given to the ability to correctly time and fire the display, ensuring that a good show could be put on for the audience. Appropriate signage, coupled with crowd fencing, was also identified as a critical feature to keep people safe and in the designated audience area, away from the firing point.
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Figure (5.10.1)
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Figure (5.10.1.2)
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The Functional Failure Mode and Effects Analysis (FMEA) is the culmination of the work done so far. The team has identified critical functions and features, which have provided enough information to determine potential failure modes and their severity. In the FMEA, the severity, likelihood of occurrence, and likelihood of failure detection are combined to create a risk priority number (RPN). Any value over 100 is considered the highest risk and requires the most attention in finding solutions. Values between 50 and 100 are the next highest priority, while the remaining failure modes can be solved by addressing other issues or are of low risk. 

When dealing with areas of high risk, planning and simulation are the most critical areas of focus. Poor planning and changing weather conditions are the most common causes of failure. This means that safety and legal restrictions must be well understood, and an in-depth simulation of the fireworks display must be conducted to anticipate expected weather conditions. Investing time and resources in these areas will help ensure a booming fireworks display. Evidence of the FMEA can be seen below in Figure (5.11.1).
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Figure (5.11.1)
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By fully understanding the customers’ requirements, that set the framework in which the team could deliver a fireworks display. The team could then dive deep and work out what the critical and non-critical functions were and how they interacted and identify any failure modes that could be avoided. 

Although a product was not being designed, systems thinking was effectively used and significantly increased the design team's chance of delivering a successful fireworks display. This can be observed by the feedback that was given to the design team from the “customer” at the very end of this report. 
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Safety is arguably the most essential part of this display. With explosives being heavily regulated by the HSE by ER2014, as well as the adverse effects that fireworks have on the surrounding environment, it was vital that the design team fully understood the legislation and regulations that govern this type of activity. And because “It shall be the duty of every employer to ensure, so far as is reasonably practicable, the health, safety and welfare at work of all his employees” [2] and any wilful act or omission will lead to prosecution if found to be guilty of lacking in any of those mentioned above. 

[bookmark: _Toc150075856]6.1 Location

The location of the firework display is the quayside near the IQ Building, with the firing location being situated on the other side of the tidal basin. Please see Figure (6.1.1) & (6.1.1.2) below. 
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	Figure (6.1.1)
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Figure (6.1.1.2)
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Figure (6.1.1.3)

Above in Figure (6.1.1.3), The areas on the firework display “should” be laid out into each other as prescribed by the Explosives Industry Group [3]

Using Figure (6.1.1), the above layout in Figure (6.1.1.3) would be suitable, providing the wind was in an Easterly direction, taking the firework fallout area to the sea.
The fireworks display would have to be postponed or relocated depending on the weather due to the surrounding infrastructure. The IQ building is a three-story building, and the firing angle of the fireworks must be considered so that the firework vector does not impact the building or any other in the surrounding location, causing damage with the effect of the firework.

After the second design review, and once the team had arrived at the second assumption that the team are a “professional entity” capable of hosting a fireworks display with all the required competencies & licences in place, the below in Figure (6.1.1.4) was created by using Google Earth, whereby a more detailed approach to the firework display can be observed. 

Working backwards using the tables within ER2014 HT3 Table 10 [1] by working out the distances from nearby infrastructure, an upper limit of NEQ could be identified, which allowed for 950-1000 kg of HT3, which can be placed in the image below by the large red circle.  
The actual NEQ for this display was 116.25kg NEQ of HT3. The blue circle can see this.

The reference to Class E distance is what the HSE define as a “vulnerable building”.

Three Firing points, each with a 25m circle, denote the required safety distance for using Category 4 fireworks. Between the firing points and the road is a built-up mound that will offer suitable protection for anyone driving. For the duration of the event, the road will be controlled. They are restricting access and keeping it free for the emergency services in the event of an unplanned event.
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Figure (6.1.1.4)
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Various laws and authorities regulate fireworks in the UK. The primary laws are the Fireworks Regulations 2004 (under powers delegated from the Fireworks Act 2003), the Pyrotechnic Articles (Safety) Regulations 2015, and the British Standards BS-EN 15947-2015. These laws set the rules for buying, selling, storing, using, and transporting fireworks and their safety and noise standards. The leading authority that enforces these laws is the Health and Safety Executive (HSE), which can inspect and prosecute fireworks suppliers and users. 
Other authorities that can enforce fireworks laws include the police, the fire service, the local councils, and Trading Standards. 

Due to the fall of shot landing in the drink, the Coast Guard were also part of the required entities to be informed of the intent to host and safely deliver a fireworks display. This would allow the Coast Guard to safely ignore our display, especially in the event of an untended event where a firework was to go out to sea, emulating a distress flare. 

[bookmark: _Toc150075858]6.3 Logistics

The fireworks must be delivered to the venue where they can be set up and left secured, but not exceed the 5-day limit as set by the HSE [4]. 

A 20-foot ISO container was identified as being a suitable means of securing the fireworks before use and set up of the display. The reason this was decided was for the following reasons:

1) The ISO container can be effectively secured, denying access to the public.
2) An ISO container can be quickly deposited and taken away.
3) Due to its very fabric, an ISO container will protect the fireworks from the elements.
4) An ISO container can be earthed, ensuring that in the event of a lightning strike, the electricity is passed safely away to the ground.

[bookmark: _Toc150075859]6.4 Storage

The HSE have laid out legislation that allows the storage of fireworks, providing that the following criteria are met: 

50kg Hazard Type 4 fireworks can be stored without needing a licence, on the proviso that they are not for sale or use at work.

For a commercial display or an activity at work, 100kg of Hazard Type 3 fireworks can be stored for up to 5 consecutive days without needing a licence if they are kept at the place of use. 

Due to this display exceeding the NEQ stipulated, a licence will be required, issued from the local licencing authority. [5]

A storage licence from the HSE must be granted should the display be required to store the fireworks on-site for more than five days. This will allow the safe and legal storage of the fireworks should there be a delay in using them due to reasons out of the display's control. A breach in the conditions laid out in the legislation can lead to the fireworks being confiscated and prosecuted. 

[bookmark: _Toc150075860]6.5.1 Purchasing 

Fireworks can be classified within the following categories see Figure (6.5.1) and only purchased for private use within the following dates [4] see Figure (6.5.1.2). Category 4 fireworks are not available for personal purchasing but only for trained professionals with an explosive storage license and public liability insurance.

	Category No
	Description

	
1
	Fireworks that require a minimum safety distance of about 1 meter can be used indoors or in proximity. Examples are ice fountains, sparklers, and smoke grenades.

	
2
	Fireworks used in the garden require a small safety distance of at least 8 meters, but sometimes more, depending on the fireworks. Examples are fountains, volcanoes, mines, and small cakes.

	
3
	Fireworks for organised display. Fireworks that require a considerable safety distance of at least 25 meters. Examples are aerial shells, comets, large cakes, and rockets.

	
4
	Fireworks present a high hazard and are intended for people with specialist knowledge or professional firework display operators. They have no restrictions on their power, noise level or effects, and e they are publicly available. Category 4 fireworks are used in professional displays that mark events all over the world with brilliant light shows, often covered on television [4]


Figure (6.5.1) 


	Event 
	Date

	1
	15th October to 10th November 

	2
	26th to 31st December 

	3
	Three days before Diwali 

	4
	Three days before the Chinese New Year


 Figure (6.5.1.2) 


[bookmark: _Toc150075861]6.5.2 Procurement 

The design team member who was responsible for the procurement of the fireworks was put to work after the production of the proposed fireworks simulation. This allowed for procurement to have a preexisting idea of the firework type that would be suitable for the intended effect. 

The design team then decided where to procure the fireworks. On this occasion, the stock list was provided by Kimbolton and MLE. 

From the above two vendors, further information could be gleaned from the stock lists, which included pricing and NEQs that allowed the design team to identify any breaches in customers’ requirements, specifically cost. 

The total amounts of broken down can be seen in the table below:

	Data
	Total

	Display Time 
	2m 30s

	Number fireworks purchased 
	16 cases, 681 units 

	Number of fireworks to be used 
	332 units

	Total material cost 
	£2,296.85 

	Material cost for units:
	£953.30

	Total NEQ HT3 (aggregated) 
	116.27



[bookmark: _Toc150075862]6.6 Plan

The first port of call for the design team was to identify a song that would be suitable and then create an initial display that could be built upon with more complex display interactions.  Using FWsim, the design team could plan and get a detailed listing of the exact moment of the fireworks effect, the angle of projection, the firing position, and the module address. 


[image: ]


FWsim provided a comprehensive list of the fireworks and modules needed for the display, amounting to 332 individual shots and 14 modules. However, the team faced challenges with the software due to limited operator skills and design time, which resulted in a display that was not as polished as hoped for. Nevertheless, the team remains optimistic that they could reduce the required modules by minimising the number of firework cues. To help with procurement, logistics, and safety, the team researched the net explosive quantities and required batch for the estimated 116.24 kg of explosives needed for the display. 

A workable plan allowed the rest of the design team to progress their inputs towards the fireworks display. 
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[bookmark: _Toc150075863]6.6.1 Theme

With the display design being given to the design team, the team decided that the best way to theme the display would be by combining the two different industry bodies, including the other countries to which the design team were divided (UK and France), which led the team to the colour scheme which would be red, white, and blue- directly reflecting the flags of the two nations.

Another deciding factor was the disparity between the two years of study. The first is clunky and out of time. The second is far more coherent- leading into the final crescendo. 
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The design team identified the necessary equipment that would be used to make the initiation of the display as safe as reasonably practicable, as seen below in Figure (6.7.1). 

The Cobra firing modules 18M serve as hubs for connecting the fireworks. The 18R2 Controller is a handheld device that sends and receives commands to the modules. It displays igniter connectivity, signal strength, and battery levels. The Cobra Audio Box is a wireless device that can play audio on any sound system. When the firing sequence begins via the controller, the audio will synchronise with the display. Igniters are used to ignite the fireworks. One end connects to the fuse on the firework, and the other connects to the relevant module cue.

[image: ]
Figure (6.7.1)

[bookmark: _Toc150075865]6.8 Training 

The first assumption before the second design review was that the design team were a non-professional entity that did not have the required competencies to procure category four fireworks, which are only obtainable by “professionals” [4]. After the second design review, the team were then a recognised body that had the necessary competencies in place to be able to put on a fireworks display that contained category four fireworks. The design team had difficulty in identifying a reputable training body that would allow members of the team to be deemed competent. 

The design team looked at and researched recognised training bodies. Still, in the UK, there is no formal government-run or recognised training available to the public for fireworks and fireworks displays. However, certain cases may require training, such as when a display is going to be a public one and requires fireworks insurance. In such cases, the underwriters may insist the firers have some training. 
There are two options for fireworks training in the UK: courses provided by fireworks retailers and training with a specialist company. Several larger fireworks retailers offer courses, sometimes free for those spending over a certain amount with them. A small number of non-retailers provide training services to the public. Illuminate Consult is the most recognised training provider and offers a broad range of courses for amateurs and professionals. For anyone wishing to become a professional pyrotechnician (firer), the professional training course (Catagory4) is accredited by the British Pyrotechnics Association (BPA) [6]. This two-day course and exam are the gateway to becoming a qualified professional who can fire Professional (Category 4) fireworks. 
When the design team were given feedback, it was made known that the BPA are a very clicky organisation that keeps the dark arts of pyrotechnics closely guarded and ringfenced to those who lack the passion of pyromania. For this notional display, we were honorary members. 

Once the second assumption had been made, we were then considered competent, having completed the necessary training that allowed the team not only to purchase category four fireworks but also set up and fire them without having to contract out to recognised persons. 

The design team were also in possession of Public Liability insurance that allowed the team to host the event and had a Risk Assessment that covered the event, with contingencies in the event things went against the plan.

[bookmark: _Toc150075866]6.9 Environmental Factors

Below in Figure (6.9.1), the environmental factors were identified, with the critical areas of concern being Noise, Pollution, and litter.

During the presentation, the feedback received was about using noiseless fireworks. While the Design Team considered this feedback, they ultimately decided against it. The entire display was synchronised to a song using timed fuses, which required a synergised show of both noise and light. 

After the display, the team considered the possibility of using noiseless fireworks along with headphones that simulate the sound of fireworks at the required times. However, this solution presented syncing issues and increased the possibility of the display failing. 

Another possible solution would be to use swarm drone technology instead of fireworks to create the desired light effects. However, this would require additional control measures, including flying drones within five miles of an airport and compliance with relevant drone flying regulations. The design team is not familiar with these regulations, and it would also mean that the display would not be a traditional fireworks show.

The impact of the fireworks display on air pollution was taken into consideration. It was found that the more fireworks used in the display, the higher the concentration of particulate matter, which includes heavy metals and toxins, that could be hazardous to the local population. The prevailing winds are reported to blow the byproducts out to sea.

Finally, litter was of concern to the design team. With so many people expected to turn up, there would be the assumption of people leaving litter. The solution was to increase the number of bins available for bystanders to use, as well as marshals that will not only provide security to the event but can also regularly litter sweep, ensuring that rubbish is kept to a minimum. 
Post-event the following day, the design team will ensure that the event's location is back to the condition before the event occurs. The area will then be handed back to the University. 
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Figure (6.9.1)

[bookmark: _Toc150075867]6.10 Weather 

The Team member responsible for identifying and working out the weather conditions for the day of the Fireworks display came up with the information below, a slide taken from the group presentation. See Figure (6.10.1) 

The weather forecast did impose a potential STOP on the fireworks display due to the weather closing in at 00:00hrs on 05th August 2023. The low-level cloud cover would have meant that the effects of the fireworks would not have been observed by the crowd, and the increase in wind speed would have made the firing angle of the fireworks dangerous. 
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Figure (6.10.1)


[bookmark: _Toc150075868]6.11 Shell Calculations 

The group contributor, using the shell calculation program, produced the work below. What was identified, though and fed back at the point of delivering the presentation, was that the team member had misunderstood how to read wind direction. The assumption was made that it was the direction the wind was blowing, NOT the wind's prevailing direction. This led to the Shell Calc information being the wrong way around. The Fall of Shot would still land in a safe area, having revised the aerial images. 
What this also highlighted was that none of the design team understood how to read the direction of the wind, as it was not picked up until the facts were presented. 
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[bookmark: _Toc150075869]7. Conclusion 

The design team had an effective plan that would lead to the successful delivery of a fireworks display. By using a Systems Thinking approach, the team were able to identify the critical and non-critical functions and how they would interact. From understanding the main functions that needed to be considered, the team then went out and researched their part, which came together in the form of a workable, albeit notional, fireworks display. 

Given more time, the design team could have become more proficient with the online tools available, which could have led to the design and creation of a far more complex and visually pleasing display that was still within the constraints set by the customer. 

[bookmark: _Toc150075870]8. Feed Back

The feedback from the customer was excellent. The design team scored 85/100, as seen below in Figure (8.1), which showed the hard work pulled off. The design team were each given their respective field to research and develop a viable, workable plan that came to fruition with the group presentation being delivered. The sum of each part that was required met the objectives set out in the requirements brief, with minor points of feedback given that would alter the display minimally. Most of the points were regarding the formatting of the presentation and how the content was delivered, which comes along with experience in giving presentations.
To summarise, all the pickup points were “small Beer”, in the wise words of Dave Holey, and the efforts of each member of the design team can be seen in the content that was delivered in the presentation. The design team acted professionally, and what a way to bow out.
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Figure (8.1)
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From all the design team, Thank you for your teachings. 
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Level1

Level 2

Level 3

Customer (University)

represent OME, university and education

The customer requires the display to
represent OME, the university and
education

must be fired from the quayside near the 1Q
building

The customer requires that the display is
fired from the quayside near the 1Q
building

audience to be located in and around the
campus

The customer requires that the audience is
to be located in and around the campus

duration of the effects to be ~ 2 mins

The customer requires the duration of the
effects to be around 2 minutes

max of £10,000 budget/ £2,000 per minute

The customer requires the pyrotechnics to
be within the budget; either a maximum of
£10,000 or £2,000 per minute of display

comply with legal limitations/regulations

The customer requires full compliance of
all legal limitations and regulations

fall out to be assessed and addressed

The customer requires that any fall out is
assessed and addressed

logistics/safety plans assessed and
implemented

The customer requires logistics and safety
plans are assessed and implimented

environmental effects to be considered and
documented

The customer requires the evironmental
effects to be considered and documented

display on 4th august

The customer requires that the display is
carried out on the 4th of August

be synced to music

The customer requires that the display is
synced to music

Our safety team requires compliance with

Safety comply with legal limitations/regulations regulations
Temporary storage of pyrotechnics on site | The display crew requires temporary
Crew available storage of pyrotechnics on site
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Use Case for a fireworks display

Use case for a fireworks display at UWSTD campus.

Author Jon Walton | Issue-1 | Reviewed26/09/2023 | Date 25/09/2023.

‘Actors:-

Display crew, audience, other members of the public

Pre-conditions: -

1. Campus is ready to receive pyrotechnics
2. Pyrotechnics have been selected and a ready for delivery

3. Display has been designed

4. Viewing points for spectators have been considered in relation to weather forecasts

Post-Conditions -

1. Display s finished
2. spectators/public are safe.
3. Clean-up s finished.

Basic Flow: -

» Deliver pyrotechnics.
+ Store pyrotechnics.

Set up viewing areas.
+ Setupfiring point
* Conduct fireworks display
» Conduct clean-up operations

‘Alternative Flow: -
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Level 1

How Much

Level 2

Deliver pyrotechnics

Deliver all pyrotechnics required

Logistics Store pyrotechnics Store all pyrotechnics on site
Set up viewing areas at appropriate
Set up viewing areas distance from display
Set up firing point depending on weather
Set up Set up firing point conditions
Conduct fireworks display Conduct display effectively
Display
Conduct clean-up operations in and around
Clean-up Conduct clean-up operations the desplay area
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System represent OME, university and education
display on 4th august
comply with legal limitations/regulations
Performance duration of the effects to be 2 mins.

max of £10,000 budget/ £2,000 per minute (in budget)

fall out to be assessed and addressed

Fireworks to be synced to music

Temporary storage of pyrotechnics on site available

Implementation

must be fired from the quayside near the 1Q building

audience to be located in and around the campus

comply with legal limitations/regulations

logistics/safety plans to be assessed and implemented

environmental effects to be considered and documented

make it possible to do the display manually in case of rain
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Level 1

How Much

Level 2

Deliver pyrotechnics

Defver all pyrotechnics required

Logistics [store pyrotechnics [Store all pyrotechnics on site
[Set up viewing areas at appropriate
set up viewing areas distance from displa)
[Set up firing point depending on weather
Setup set up firing point conditions
[ Conduct fireworks display [Conduct display effectively
Display

Clean-up

| conduct clean-up operations

Conduct clean-up operations in and around
the desplay area
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Represent OME, University and education

Must be fired from the Quayside near the 1Q building

Audience to be located in and around the campus

Duration of the effects to be around 2 minutes

In budget

Comply with legal limitations and regulations

Fall out to be assessed and addressed

Logistics and safety plans to be assessed and implemented
Environmental effects to be considered and documented

Display on 4th August

Fireworks synced to music
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Requirements Relative Importance
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QFD 1 Functional Importances
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Feature Importances
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Systems summary

* Critical Functions

* Conduct fireworks display

* Set up firing points

* Set up viewing areas
* Critical features

* Electronic timing

* Electronic firing

* Warning signs and directions
* Areas of focus

* Planning
* Simulation
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           Systems summary      • Critical Functions • Conduct fireworks display • Set up firing points • Set up viewing areas • Critical features • Electronic timing • Electronic firing • Warning signs and directions • Areas of focus • Planning • Simulation
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Safety: Logistics
(Revised)

1. Class E Separation Distance Table
10 HT3 64m for allows 950 -1000kg
NEQ

2. Total NEQ for display is 116.25kg
NEQ.

This gives a 34m Class E distance as
seenin blue.
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         Safety: Logistics (Revised)   1. Class E Separation Distance Table 10 HT3 64m for allows 950 - 1000kg NEQ 2. Total NEQ for display is 116.25kg NEQ. This gives a 34m Class E distance as seen in blue.  
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Fireworks used for Display
4\-6-;»‘ shety ln:.ﬁvx;« Cartee Carton gt Byich Toty St

Used Firing System Modules
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e 332 Individual Firework shots

EﬁeCtS USEd 14 Cobra Modules

* Total NEQ researched to be 116.24Kg
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                    Effects used          • 332 Individual Firework shots • 14 Cobra Modules • Total NEQ researched to be 116.24Kg
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I The Theme

¢ “Creation of afirework display for
graduation to give a representation of the
time spent on the course at Swansea
university”

* Present the difference between the years in
terms of organisationand communication
between the university and the students

¢ Adding a personal touch to represent the
Firework display groups cross-collaboration
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                                      The Theme    • “Creation of a firework display for graduation to give a representation of the time spent on the course at Swansea university” • Present the difference between the years in terms of organisation and communication between the university and the students • Adding a personal touch to represent the Firework display groups cross - collaboration
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Firing
Equipment

Cobra firing modules 18M are the hubs that the
fireworks are connected to.

18R2 Controller is a handheld device that sends
and receives commands to the modules. It
shows igniter connectivity, signal strength and
battery levels.

Cobra Audio Box is a wireless device able to
play audio to any sound system. When the
firing sequence begins via the controller the
audio wilkynchronisavith the display.

* lIgniters will be used to initiate tifieeworks,
one end will connect to the fuse on the
firework and the other to the relevant module
cue.
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                    Firing Equipment   • Cobra firing modules 18M are the hubs that the fireworks are connected to. • 18R2 Controller is a handheld device that sends and receives commands to the modules. It shows igniter connectivity, signal strength and battery levels. • Cobra Audio Box is a wireless device able to play audio to any sound system. When the firing sequence begins via the controller the audio will synchronise with the display. • Igniters will be used to initiate the fireworks, one end will connect to the fuse on the firework and the other to the relevant module cue.         
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Environmental issues:

———

* Noise — noise limits are to be no > 120 dB, for observers
at the recommended distance away. If operating
instructions are observed, no physiological damage will
be seen.

* Pollution — large fireworks displays result in higher
concentrations of air pollution. Heavy metal particles and
toxins are also produced that can affect human health.

* Litter — a significant amount of litter can be produced
during fireworks use due to non -biodegradable
materials.

ThisPhoto by Unknown Author is licensed under  CCBY
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           • Environmental issues:   • Noise – noise limits are to be no > 120 dB, for observers at the recommended distance away. If operating instructions are observed, no physiological damage will be seen. • Pollution – large fireworks displays result in higher concentrations of air pollution. Heavy metal particles and toxins are also produced that can affect human health. • Litter – a significant amount of litter can be produced during fireworks use due to non - biodegradable materials.          This Photo by Unknown Author is licensed under CC BY    This Photo by Unknown Author is licensed under CC BY - SA  
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Weather

* Proposed display date: Friday 4th August 2023

* Weather data for 1800 hours: Overcast, low cloud
cover (1500ft — approx. 450m), low chance of
precipitation, wind gusts of 32+ km/h due NW)

* Sunset Time: 20:59

* No data present for 21:00 hours, but weather
worsens significantly by 0000 hours on 5th August.

* Weather data for 0000 hours (5/8): Thunderstorms,
low cloud cover (1000ft — approx. 300m),
precipitation expected, wind gusts of 25+ km/h due
w)

Further noted for storage/safety purposes that
thunderstorms were present in Swansea in the days
leading up to the display.
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1. Response to Questioning

2. Presentation of Design

4. Presentation Styls
5. Presentation Quallty
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