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[bookmark: _Toc224726092]Abstract
This report will highlight and explain the procedure that was followed to meet the overall aim of the project of collecting firing data to assist in the creation of platform firing tables. The methods taken to achieve these goals will be discussed, showing the trial procedure of the four firing trials that were delivered at QinetiQ, MoD Eskmeals. All equipment used to capture & obtain required data will be shown and discussed. The results obtained from these firing trials will be shown and linked to how they meet the trials objectives and the overall aim of the project. A conclusion will be written, describing the major findings from the project and any recommendations for the future will be listed. Any feedback received will also be mentioned to help prove that the aims & objectives were met and the customer was pleased with the outcome.
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[bookmark: _Toc224726093]Chapter 1 - Background
[bookmark: _Toc224726094]1.1 Introduction
This report will highlight all the steps that went into assisting the creation of the new firing tables for a large calibre weapon system that was put in place by the UK MoD as an immediate, interim replacement for the current weapon system which was given away..
For this weapon system to be used in-service a set of firing tables needed to be created. Several firing trials need to take place to obtain the required results for this creation.
All the methods taken and the research that went into the successful completion of the creation of The New Platform Weapon Systems Firing Tables will be discussed. All stages of the procedure will be highlighted, these stages will show:
· Research 
· Research Methodology
· Design & Implementation
· The Results Obtained
· Recommendations
· Learning Experience

[bookmark: _Toc224726095]1.2 Aim
The main aim of this project is to assist in the creation of a new set of firing tables for an upcoming platform system that will be utilised by the Ministry of Defence. The aim is to carry out several firing trials with the weapon system, firing different pieces of OME under various circumstances. These different circumstances will be adhered to throughout the process to obtain the results required to meet the main aim of the project. These circumstances are:
· OME Temperatures
· Firing Charge Zones
· Elevation
· Line of fire
[bookmark: _Toc224726096]1.3 Objectives
To meet the overall aim of the project various firing trials are required to be undertaken by QinetiQ, at MoD Eskmeals. These trials are supported by external customers and trained military personnel who are all involved to ensure the successful creation of the firing tables. Four firing trials are going to be conducted over the duration from June 2024 to February 2026. Each firing trial has various requirements that need to be met to satisfy the customers own aims & objectives. 
The customer requirements are laid out clearly by the customer at each stage from when a firing trial request comes in. For all the requirements to be met, it was agreed that four firing trials would be sufficient to obtain the data required to assist in the firing tables creation for the new platform weapon system.

The trials that are required to be carried out at MoD Eskmeals are:
· Trial 1 – June 2024 – Platform Integration PST Firing Trial
· Trial 2 – August 2024 – Platform Integration + Range & Accuracy Firing Trial
· Trial 3 – June 2025 – Platform Integration & Post Pre-stressing SET Firing Trial
· Trial 4 – February 2026 – Post Pre-stressing TSET Firing Trial

[bookmark: _Toc224726097]Chapter 2 – Research 
[bookmark: _Toc224726098]2.1 Introduction
This section of the report will investigate the importance of firing tables, why they are used and why they are important for firing a weapon system. Examples of already existing firing tables will be discussed and the variables that influence making a decision using firing tables.
[bookmark: _Toc224726099]2.2 Research Overview
The research undertaken for this project was to understand the use of firing tables, the importance of using them, available firing tables for large calibre weapon systems and the factors that effect firing at a target.
[bookmark: _Toc224726100]2.3 Research Methodology 
Many online sources, such as articles and reports were studied to gain a vast knowledge on the importance of firing tables, why they are used and their importance within the industry. Already existing firing tables for large calibre weapons were studied and read to gain a broader knowledge on how vital they are and what must be considered before making a decision when firing a large calibre weapon.
[bookmark: _Toc224726101] 2.4 Research Process
The reason firing tables are used is important to gain an insight on how important they are. Understanding that firing tables are essential for “accurate firing and ensuring target engagement” for the deployment of any new artillery system. These firing tables are created using the data obtained from “real-world trial firings and modelling”. Once the data has been obtained from trial firings it is correlated to a specific set of standard conditions which act as a baseline to which corrections are applied to account for various real-world scenarios such as the weather, the weapon itself (gun location, elevation etc) and the type of ammunition being fired. [1]
There are many existing firing tables already out there for various large calibre weapon systems. Many of these existing firing tables are used at MoD, Eskmeals where they are used for creating weapon danger areas (firing boundaries) for test trials. These firing tables display lots of information that can ultimately change the flight path when firing a munition. Having this information at hand is very important when deciding what to fire and where to fire in service. [2]
The importance of using firing tables is clear, according to various online sources there are many factors that have a great effect when firing at a target. These factors include:
· Rotation of the earth [3]
· Angle of descent [4]
· Atmospheric Factors [5]
· Earths curvature [6]
There are many more factors that need to be considered when firing a large calibre weapon however, the ones displayed are the most vital.
[bookmark: _Toc224726102]2.5 Research Conclusion
After undertaking relevant research on the importance and use of firing tables it is evident that they are essential for any new piece of artillery planned to be used in service. There are too many factors that can affect the accuracy of firing a projectile over such large distance which large calibre weapons are capable of. The research undertaken proves the importance of this project and how it will assist in obtaining the required data to help create the firing tables.


[bookmark: _Toc224726103]3 Design & Implementation
[bookmark: _Toc224726104]3.1 Introduction
This section of the report will discuss the strategy that will be undertaken to meet the requirements, aims and overall objectives of creating the firing tables for the selected immediate, interim platform weapon system. The reasons behind the four firing trials that were conducted will be discussed and the individual aims and objectives of each trial will be explained.  
The background of each firing trial will be shown in detail, the customers’ requirements will be shared, and the start of the trials process pre-delivery will be highlighted.
The trials design will be shown for how each customer requirement will be met to obtain the data that they need. The data capturing equipment used to capture this data will be explained on its specific use in the trials. Ammunition processing activities will also be discussed and the storage processes used will be shown.
The process of the trial’s delivery will be communicated effectively, showing overarching and local procedures as well as all safety aspects involved in large calibre firings. All   Rules & Regulations that must be adhered to will be described in detail and shown how they relate to the task. 
The Post-delivery data processing from each firing trial will be shown. In this case, the results obtained from the trials will be shown as generic values rather than exact figures. The specific exact data will be passed onto relevant customers who are working together to meet the overall aim of the MoD.
Finally, positive & negative feedback from all firing trials will be discussed and improvements for future activities of this nature will be suggested.

[bookmark: _Toc224726105]3.2 Design
The most practical design/ solution to solve the main aim of this project was to conduct various live firing trials to obtain the required data to assist in creating new firing tables for the AS90 replacement. These firing trials are a great indicator of how various OME fired through the weapon system behaves under different conditions such as Charge zone, elevation and OME conditioning temperature. Four trials were completed in total, these trials were:
· Trial 1 – June 2024 – Platform Integration PST Firing Trial
· Trial 2 – March 2025 – Platform Integration + Range & Accuracy Firing Trial
· Trial 3 – June 2025 – Platform Integration & Post Pre-stressing SET Trial 
· Trial 4 – February 2026 – Post Pre-stressing TSET Firing Trial
[bookmark: _Toc224726106]3.3 Implementation
The four firing trials were implemented and undertaken by QinetiQ, supported by external customers and military personnel at MoD Eskmeals. After hearing the news that the UK MoD had selected the platform weapon system, QinetiQ were aware that there may be a request from the customer to undertake certain firing trials. 

[bookmark: _Toc224726107]3.3.1 Pre-Trial Procedure

For a trial of this size and nature, lots of pre-trial work needs to go into planning and preparing the range before the firing phase can go ahead. When the request came into the QinetiQ management team from the customer, discussions took place to determine and understand the customers aims & objectives for each of the four trials. Once the customer specification was finalised a suitable timescale was allocated for each trial in the schedule.
Before any physical work can start for the trial, a Pre-bid Hazard Activity Management Review needs to be held. This discussion is to ensure that all resources are available for the trial to go ahead.
As part of this discussion, the project manager will present a presentation to the panel, including the Technical Lead, Responsible & Providing Manager and Site Safety Leads. 
Within the presentation, all trial requirements will be discussed, the project strategies will be shown, including the OME that is required to be fired. After the customers aims have been shared, a suitable plan will be created for the trial set up showing the data capturing equipment that will be used to capture the data and its positions at the selected firing location.  The appropriate trial details including, elevation, charge zone, line of fire and expected muzzle velocity will be shred allowing the Weapon Danger Area / Safety Trace to be created for the subject trial.
Within this review, the ammunition details will also be discussed, delivery dates and available ammunition storage on site will be allocated. Suitable ammunition conditioning cabinets will be selected and made available for the selected trial dates.

3.3.1.1 Ammunition

Throughout the four trials, various ammunition is required to be fired under different firing circumstances. The ammunition for each trial is required to be on site 6 week before the firing phase starts, this is to give the ammunition department time to receive the OME, process it as per the customers’ requirements and store it in appropriate storage facilities within the ammunition compound. The ammunition that is delivered, is always accepted by the OME supervisor on site who will make a note on the OME tracking system QMAS of the successful delivery of the ammunition. 
As per the customer requirements the OME is typically weighed, and the moment of inertia is calculated for each round. This can be a lengthy process which is why the ammunition is required to be delivered six weeks before firing. 
Once the OME has been processed, it is stored in ammunition storage buildings until it is time for it to go into the temperature conditioning chambers, ready for firing.
An example of the ammunition storage building where the OME is stored is shown below:
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[bookmark: _Toc224029538][bookmark: _Toc224030267][bookmark: _Toc224549027]Figure 1 - Ammunition Storage Building
The example above shows a Potential Explosive Site (PES), in this case a Compartmented Store, allowing a range of ammunition natures to be safely stored in separate, compartmented “bays”.

3.3.1.2 Data Capturing

To capture accurate data from the trials, a list of data capturing equipment needed to be utilised to obtain these results. As per the customer requirement specifications for all four trials, they stated they needed the following extensive list of information from the trial: 
· Trial Details – Trial I.D & Trial Description

· Shell / Charge Details – Date of firing, Time of firing, Shell I.D, Shell mass, Shell MOI, Shell Temperature & Charge I.D, Lot number, Increment / Temperature

· Meteorological Conditions (Balloon Ascent) – Date of ascent, Time of ascent, Average altitude, Temperature (wet or dry), Barometric Pressure, Humidity, Density, Wind Speed & Wind Direction
· Survey Data – Radar Northings, Eastings & Altitude, Trunnion Northings, Eastings and Altitude, Quadrant Elevation, Barrel Length, Barrel wear conditions & Survey Datum point

· Dynamic Firing Data – Depth of Ram, Length of recoil, Test Shell Function, Fall of shot, Debris from firing or damage, Muzzle Velocity, Firing Interval, Full trajectory data, Breech Pressure, Spin rate, shell integrity @ 5 and 10m from the muzzle & Shell initial flight conditions
To successfully capture all this data a plan was created from the Instrumentation TL, showing the appropriate firing location set up which will enable them to obtain the data that is required. An instrumentation brief is also created, highlighting all the equipment that will be used to capture each piece of individual data.
The relevant data firing location trial set up and the list of the data capturing equipment used for all four trials is shown below:











[bookmark: _Toc224029539][bookmark: _Toc224030268][bookmark: _Toc224549028]
Figure 2 - Range Layout
Data Capturing equipment used and its purpose:
· Trial Details – The trial will be allocated a specific trial number used for future reference; this is always in the form ETN*****. The trial description will be given by the customer for each individual trial.

· Shell / Charge details – Data & time of firing will be recorded in the firing data battery book when the firing phase starts. The shell mass and moment of inertia will be recorded by the ammunition team when they weigh & MOI the shells as part of the ammunition processing procedure. The charge details will also be recorded on delivery of the OME and inputted into the OME tracking system.

· Meteorological data will be recorded for both ground and at vertex. For ground met a meteorological measuring device will be used at the trials firing location and a live update of the conditions will be displayed and recorded after the firing of each round. For meteorological data at vertex a meteorological balloon will be sent to the maximum vertex height of the corresponding firing elevation. This will then send back live meteorological data from its journey from ground to vertex. All the required data will be recorded.

· Survey data – Survey equipment will be used to capture the required survey data. A strict survey datum point will be used to calculate the position of the radar, and to ensure the weapon system is aiming on the correct line of fire. The radar survey data points will be inputted into the radar software, enabling the radar to know it’s position in terms of the weapon system. 

· Dynamic Firing Data – The depth of ram will be calculated using a laser point device from a strict datum point after the loading of each individual piece of ordnance into the weapon systems chamber. The recoil length will automatically be calculated from the weapon system after each firing. The Fall of shot range, deflection and time of flight will be calculated using the tracking radar, positioned at the rear of the weapon system at a height allowing to track the whole trajectory of the round and confirm successful function. 

Muzzle velocities of the round in flight will be calculated using doppler muzzle velocity systems set up to the south of the weapon system, aiming slightly across the line of fire of the weapon system. These will be triggered using flash detectors positioned 10m and 90 degrees from the end of the muzzle, which will trigger when the first glimpse of the round exits the barrel. Firing intervals (the time from firing the weapon system by pressing the fire button to the round leaving the end of the muzzle) will be recorded using a Transient Recorder Data Acquisition System.

For this trial to calculate the breech pressure, 1 x HPI pressure gauge and 3 x Copper Crusher gauges will be used per round. The copper crusher gauges will be attached to a band which will be secured around the rear of the charge. The HPI gauge will be taped to the rear of the charge.

Shell integrity and spin rate will be visually captured in flight using two high speed still image cameras. One positioned at 10m on the Line of fire and the other positioned at 5m 90 degrees south of the muzzle. This will allow the shell integrity and spin rate to be captured and visualised to check for any breakup. These cameras will be triggered via a sky screen which will trigger when the round passes over the top on the line of flight.
 
Two high speed video cameras will also be used to review the shell integrity and spin rate. These will be positioned at 90 degrees south of the weapon system to capture the first 10m of flight and then again further down range to the south of the weapon system to track the trajectory further along the flight path. These will be triggered via the flash detectors which will also trigger the doppler muzzle velocity systems.

The figures below show examples of the data capturing equipment used on the trial.
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[bookmark: _Toc224029540][bookmark: _Toc224030269][bookmark: _Toc224549029]                                    Figure 3 - Tracking Radar [7]			 	       Figure 4 - Doppler Radar [8]
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[bookmark: _Toc224029541][bookmark: _Toc224030270][bookmark: _Toc224549030]      	  Figure 5 - High Speed Video Camera [9]		           Figure 6 - High Speed Stills Photography [10]
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[bookmark: _Toc224549031]               	             Figure 7 - Meteorological Balloon [11]        		      Figure 8 - Survey Equipment [12]
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[bookmark: _Toc224549032]   		 Figure 9 - Laser DoR Measure [13]		        Figure 10 - Flash Detector [14]
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[bookmark: _Toc224549033]      Figure 11 - Data Acquisition Transient Recorder System [15]	    Figure 12 - HPI Pressure Gauge [16]
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[bookmark: _Toc224549034]   Figure 13 - Copper Crusher Gauge [17]

Once all the instrumentation / data capturing equipment had been assigned to the trial, the firing location needed to be set up. This was firstly done by situating all the required splinter proofs into position which would be used as protection for the data capturing equipment. The splinter proofs are put into position by the range team who would operate a telehandler for lifting them into position. The range needed to be set up as per Figure 1 – The Range Layout which was created by the Instrumentation TL.
An example of the plant equipment and splinter proofs used are shown below:
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[bookmark: _Toc224549035]     	                Figure 14 – Telehandler [18]				   Figure 15 - Splinter Proof

3.3.1.3 Trial Documentation 

For a trial of this size and nature a lot of overarching documentation needs to be created for the trial to go ahead. This documentation is created by the Trials Manager / Trials Conducting Officer who will be delivering the trial. The documentation that is required to be created for each firing trial is:
· Trials Conducting Document – This is the main overarching document for the trial. Within this document it will show:
· The trial location – Dunes Forward Range, MoD Eskmeals
· The customers aims & objectives
· The trial schedule
· The OME required for the trial and the conditioning requirements
· The emergency procedure and stop actions
· The Misfire procedure
· The Data Capturing Equipment required
· The Range layout
· The assured weapon danger area
· QinetiQ, HSE, OME regulations and standards that must be adhered to as well as all related risk assessments.

· The Safety Communication Brief – This piece of documentation will focus heavily on the safety aspects of the trial to make everyone aware of the dangers that they are exposed to and what means have been put in place to minimise these risks. 

It is to be written and read aloud to all members of the trials team and the customers who are present for the trial, either before the firing phase or on the morning of the first firing day. Each person on the firing battery must countersign the document to acknowledge that they accept the risks. Within this document it will show:
· OME required for the trial and the conditioning requirements 
· First Aid and trauma personnel who are trained in case of an incident
· The emergency evacuation procedure
· QinetiQ, HSE, OME regulations and standards that must be adhered to as well as all related risk assessments.

· The Safety Risk Assessment Record – This is an overarching risk assessment for the trial. It will highlight all the specific risks associated with the trial and will show all the related risks assessments that cover the activity. Within this document it will show:
· The affected groups
· All relevant hazards associated with the trial such as: Putting others at risk due to unfamiliarity or experience with the trial, Severe weather, Communicable diseases, Hot / Cold burns from handling conditioned OME, Manual handling of 155mm shells, RF Hazards from Radar and tracking equipment, etc.
· The Who, Harm & How of each hazard
· Existing Controls
· Initial & Final risk ratings
· Supporting documentation, such as: Customer Gun Drills, Misfire Drills Large Calibre Procedure, Manual handling of large calibre shell risk assessment, OME Trials procedure, Range standing orders, Emergency response plan, Site safety risk assessment, environmental risk assessment and the Customer trial specification.

· The Safe Trial Activity Assurance Form also needs to be created for the trial. This is a simple trials document which is a vital to allow the trial to go ahead. It briefly describes the trial details including the trials background, aims & objectives. It will also show the OME being fired, the ordnance being used, RF hazards and the Trials Manager / Trials Conducting Officers contact details. This is then signed by the Trials Manager / Trials Conducting Officer and passed onto the Providing Manager for the trial to review and sign. 

3.3.1.4 The Weapon Danger Area / Safety Trace

Once all the above trial documentation has been created, reviewed and signed by the appropriate personnel, the weapon danger area needs to be created for the subject trial. This weapon danger area will show the range boundary for firing the ammunition. 
As this is a new weapon system and there are no current firing table to use to create the safety trace, each STRACE for the four subject trials was created using WESCoE safety advice. 
Typically for a large calibre trial like this using a 155mm Range stand, a safety data calculation sheet is populated. This spreadsheet has all the calculations needed to create the safety trace. The spreadsheet needs to be populated with the following information:
Trial Information –
· The Trial Location
· The Trial Number
· The Trial Start Date
· The Trial Title
· Target Type
· Projectile
· Maximum Charge
· Maximum Charge Temperature
· Firing Table Muzzle Velocity
· Quadrant Elevation
Firing Table Information – 
· Vertex Height
· Maximum Ricochet Range (If Angle of Descent is >533 mils then no ricochet)
· Width
· FOS (If No Ricochet)
· Burst Safety Distance
· Maximum Knots Required (Maximum Wind Speed)
· 1 Knot Wind (Found in Table F Sup of firing tables)
· Charge Temperature Difference
· MV Difference (Firing Table MV to Actual MV)
· Projectile Weight Correction (Decided depending on type of Fuze used)
· Probable Errors
· Non-standard Corrections – Cross Wind & Drift
An example of a blank safety data calculation sheet is shown below:
[image: ]
[bookmark: _Toc224549036]Figure 16 - Example of Safety Data Calculation Sheet
Once the calculation sheet has been populated with the required information, the information provided from the calculations in the spreadsheet can be transferred onto the safety trace spreadsheet to create the STRACE for the subject trial.
An example of a blank Safety Trace spreadsheet is shown below, for sensitivity reasons the sensitive information has been covered:












[bookmark: _Toc224549037]Figure 17 - Example of Safety Trace
Once the safety trace has been created for the trial all spreadsheets used are saved into a trial folder. The STRACE is then sent to The Trial Assurance Lead who will then review the STRACE and check that the correct values from the firing tables have been correctly used. When content, they will sign and date the Safety Trace and leave any comments they feel are necessary allowing the STRACE to be used for the subject trial.
 The STRACE is then converted to a KML file using the Launch Map Viewer tab, which can be seen above in Figure 17 – Example of a Safety Trace. This KML file is then passed onto Range Control who will input the file onto there system, allowing them to track the sea traffic to see if they are encroaching into the weapon danger area when firing. An image of the assured STRACE is then inputted into the overarching documentation for the trial.

3.3.1.5 Pre-Execution Level 1 Hazard Activity Management Review

For a trial to go ahead, the trial must be taken through a Pre-Execution Level 1 Hazard Activity Management Review (HAM Review). This review is similar to the Pre-Bid HAM carried out at the start of the trials procedure however, this time the review is held to make sure everyone involved is content and the Providing & Responsible Managers accept the risk of the trial. This review is hosted by both the Trials Manager / Trials Conducting Officer and The Trials Assurance Lead (TAL).
The attendees for this review are:
· The Providing Manager (Usually Head of Site)
· The Responsible Manager (Usually the Project Manager)
· The Technical Lead 
· The Trials Assurance Lead 
· The Trials Manager / Trials Conducting Officer 
· Range Safety Officer
· Site Safety Lead
In the review the following talking points will be discussed in detail to ensure all involved are content with the progress of the trial:
The Project Details - 
· The Background of the trial
· The customers aims & objectives
The Project Strategies – 
· Firing Order
· Step-by-step procedure
Trial Requirements – 
· The data capturing equipment required
· OME conditioning requirements
OME –
· The Projectiles being fired
· The charges used
· The required charge zones
· The type of ordnance being used
Safe Equipment – 
· The Weapon system and it’s controls
· Competency for external personnel
· Rules & Regulations for using equipment
The Risks – 
· Type of risk
· Location
· Level of risk
· Additional Notes
Safe People – 
· Trials teams competencies
· The Safety Brief
Safe Place – 
· The trial location
· Safe Undercover Locations
· Access to firing range
· Range Inspections
WDA – 
· How the Safety Trace was created and the assurance
LFE Points – 
· Any learning from experience from previous trials of a similar nature
Q&A – 
· Any questions from the panel will be answered by the Trials Manager / Trials Conducting Officer & Trials Assurance Lead present.
Once all the above talking points have been discussed and the panel is content with everything, the Providing & Responsible Manager are asked if they are happy and if they accept the risk of the trial. Once they accept the risk of the trial, the risk assessment for the trial can be signed by the Providing & Responsible Managers.
A Trial Certificate is then created by the trial Manager who will populate the document with the trial’s information, and any relevant step in the trial’s procedure with a corresponding date it was carried out. This piece of documentation is a legal requirement to allow the trial to go ahead. Once populated it is then signed by The Trials Manager / Trials Conducting Officer, The Trials Assurance Lead, The Range Safety Officer & The Providing & Responsible Managers.
All trial documentation is printed out and put into a trials folder ready for the firing phase, a copy of the trials certificate and trials conducted document is signed by the trials manager and given to Range Control.
3.3.1.6 Range Control

The most important part of the trial preparation is the preparation of Range Control. Range Control is the main point of contact for anything safety related during the delivery of a trial. For any trial to ahead it is vital that Range Control are happy that they have got all the safety aspects of the trial in place before any firing begins. 
Various safety related jobs need to be undertaken and successfully completed before any firing. These jobs are either completed weekly or daily, the intensive list of jobs needed to be undertaken include:
Weekly – 
· Ensuring the successful upload of the correct safety trace onto the Marine Surveillance RADAR System
· Request NOTAMS with local airports, making sure they aware of the proposed firing times and the vertex height. The local airports that are contacted are, Manchester, Warton (Lancashire) & Ronaldsway (Isle of man).
· Request Acoustics, this is so the noise can be calculated for firing. This noise is measured from Range Control and the maximum noise limit allowed is 135dB.
Examples of the NOTAMS and Acoustics requests are shown below (These examples are not for the subject trial being discussed):
[image: ]









[bookmark: _Toc224549038]Figure 18 - NOTAMS Request Form
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[bookmark: _Toc224549039]Figure 19 - Acoustics Request Email
Daily – 
· Contact airports to confirm NOTAMS
· Contact the range boat to ensure they are aware of the firing situation
· Accept the noise prediction
· Ensure all the range flags have been raised 
· Confirm allocated trauma personnel for the trial and conduct a radio check
· Set up required screens with aeroplane tracker and daily weather report to track lightning risks or anything that could potentially stop the trial
· Conduct VHF radio tests with the firing range and conduct an emergency call test on the VHF radios and ensure it is heard in case of an emergency
· Confirm with the range team that the firing area is closed and clear
· Deploy Baywatch personnel 30 minutes before starting firing
3.3.1.7 Trials Readiness Review

The final step of the trials procedure before the trial can go ahead is the Trials Readiness Review. This review is held a couple of days prior to the start of the firing phase and is essential to ensure everything is completed and all trials teams are content to continue to the firing phase. It is essential that at least one member of each trials team on site attends the review in order to confirm everything they are required to do in the trial preparation is complete. The employees that are required to attend the review are:
· Trials Manager – Host for the review
· Providing Manager
· Responsible Manager
· Instrumentation TL
· Ammunition TL
· Engineering TL
· Gun Team TL
In the review the trials procedure checklist will be checked, and each department will confirm that each checkpoint has been satisfied.
After the completion of this review, the trials procedure can move into the firing phase.

[bookmark: _Toc224726109]3.3.2 The Firing Trials

3.3.2.1 – Trial 1 - June 2024 – Platform Integration PST Firing Trial

The first trial request came in from the customer early 2024 for a Platform Integration PSET Firing trial. This request from the customer came into the QinetiQ management team who then discussed the aims and objectives of the trial with the customer. 
After all the background work between the Project Managers and customers had taken place a three-week timescale was allocated to the subject trial. This three-week slot was assigned for one week preparation, one week to deliver the trial and one week for post-trial activities.
The Customers Main Aims and Objectives for this trial are:
· To confirm that the trial shell are bore and flight safe in the new weapon system
· To obtain data that provides evidence of the correct flight and function of the L21 Shell when fired from the platform
Ammunition - 
For this trial the following OME was going to be delivered by the customer and was required to be fired as per the firing order highlighted in the customer specification. The ammunition delivery and processing was carried out whilst always adhering to The Explosive Regulations 2014 (ER2014) and JSP 482:
30 x SHELL, 155mm, HOW, HE, L21 were fired with L8 Charges (Adjusted to PMP) and Primer Percussion M191A2. 6 x L21 HE Shell fired as warmers as a requirement throughout the trial with L8 Zone 6 Charges all @21⁰C. 15 x L21 HE SHELL fired @ a cold temperature of -46⁰C and 15 x L21 HE SHELL fired @ a hot temperature of +58⁰C.
The above OME was delivered successfully six weeks prior to the start of the delivery stage of the trials process. This gives the ammunition department enough time to successfully process and store the OME ready for the firing phase. For this trial, the OME needed to be fired at various conditioning temperatures, therefore, it was split across three different storage chambers, and the required temperatures were set. 
As per the customer trial specification, the following ammunition requirements needed to be successfully met:
· All Shell and Charges are to be visually inspected and identified ready for conditioning.
· The mass of each all-up-projectile (fuzed and fully assembled) is to be measured prior to commencement of the trial
· All Projectiles and Charge Systems are to be conditioned at the stated temperature for a minimum of 18 hours and a maximum of 72 hours.
Note: There is no maximum conditioning time for ambient (+21°C) conditions.
· The conditioning temperature tolerance required is ±2°C.
· All Ammunition out of conditioning for more than 30 minutes shall be reconditioned for double the downtime before firing.
Data Capturing – 
All data capturing equipment used for this trial is listed in section 4.4.1.2 of this report and was set up at the firing location as per the trial design shown in Figure 2 – Range Layout. Preparation for the trial begun on 17th June 2024 and there were no issues with setting up the data capturing equipment for the trial, this mainly due to the extensive instrumentation competencies and experience within the team. The trial was prepared successfully within the one-week timescale with assistance from the range team meaning the firing stage could go ahead as intended.
Trials Assurance & Authorisation – 
The weapon danger area was created on 10th June 2024 and was sent to the TAL for assurance. As stated previously, the STRACE created for the subject trial was created using WESCoE safety advice because of no current firing tables for the weapon system. The STRACE was assured by the TAL the following day and all relevant documentation shown in section 4.4.1.3 of the report was finalised. 
The Level 1 HAM Review took place on 14th June 2024, no potential safety issues were raised by the panel, and the Providing & Responsible Managers were content to accept the risk. The Safety Risk Assessment Record & Trials Certificate were then signed and dated by both Managers.
The TRR took place on 21st June 2024 with the trials team. All attendees were content with the progress at that stage and were happy to begin firing the following week.
Firing Requirements – 
Meet and greet customers for the trial and escort them to the firing location, ensure they are shown around and are familiar with their surroundings.
Deliver Safety Brief to team and ensure all personnel sign brief to acknowledge they understand and accept the risk.
· Firing Quadrant Elevation for the trial: 400 mils
· Line of Fire for the trial: 257⁰
· Establish Firing Order with customer and request starting charge weights for warmers and charge adjust rounds
3.3.2.2 - Trial 2 – March 2025 - Platform Integration + Range & Accuracy Trial

The second trial request came in from the customer early 2024 for a Platform Integration + Range & Accuracy Trial. This request from the customer came into the QinetiQ management team who then discussed the aims and objectives of the trial with the customer. 
After all the background work between the Project Managers and customers had taken place a four-week timescale was allocated to the subject trial. This four-week slot was assigned for one week preparation, two weeks to deliver the trial and one week for post-trial activities.
The Customers Main Aims and Objectives for this trial are:
Platform Integration -
· To confirm they are bore and flight safe and to obtain data that provides evidence of the correct flight and function of the L15 Shell when fired from the platform weapon system
Range & Accuracy – 
· To undertake a firing trial.
· To gather sufficient ballistic raw data to be passed onto **** for assessment and manipulation into fire control system inputs.
Ammunition – 
For this trial the following OME was going to be delivered by the customer and was required to be fired as per the firing order highlighted in the customer specification. The ammunition delivery and processing were carried out whilst always adhering to The Explosive Regulations 2014 (ER2014) and JSP 482:
122 x SHELL, 155mm, HOW, HE L15 were fired with HW70 Modular charges @ Zones 3,4,5 & 6 and Primer Percussion M191A2. 24 x L15 HE Shell fired as warmers as a requirement throughout the trial with L8 Charges @ Zone 7 all @ 21⁰C. 90 x L15 HE SHELL fired as part of the Platform Integration section of the firing trial @ +21⁰C. 32 x L15 HE SHELL fired as part of the Range & Accuracy section of the firing trial @ 21⁰C.
The above OME was delivered successfully six weeks prior to the start of the delivery stage of the trials process. This gives the ammunition department enough time to successfully process and store the OME ready for the firing phase. For this trial, all OME being fired was at the same temperature, this made it easier to process and store accordingly. 
As per the customer trial specification, the following ammunition requirements needed to be successfully met:
· All Shell and Charges are to be visually inspected and identified ready for conditioning.
· The mass of each all-up-projectile (fuzed and fully assembled) is to be measured prior to commencement of the trial.
· The Moment of Inertia (MoI) is to be measured for each all-up-projectile prior to commencement of the trial.
· All Projectiles and Charge Systems are to be conditioned at ambient temperature (21°C) for a minimum of 18 hours. There is no maximum conditioning time for ambient conditions.
· All Ammunition out of conditioning for more than 30 minutes shall be reconditioned for double the downtime before firing.
Data Capturing – 
All data capturing equipment used for this trial is listed in section 4.4.1.2 of this report and was set up at the firing location as per the trial design shown in Figure 2 – Range Layout. Preparation for the trial begun on 26th March 2025 and there were no issues with setting up the data capturing equipment for the trial, this mainly due to the extensive instrumentation competencies and experience within the team. The trial was prepared successfully within the one-week timescale with assistance from the range team meaning the firing stage could go ahead as intended.
Trials Assurance & Authorisation – 
The weapon danger area was created on 12th March 2025 and was sent to the TAL for assurance. As stated previously, the STRACE created for the subject trial was created using WESCoE safety advice because of no current firing tables for the weapon system. The STRACE was assured by the TAL the following day and all relevant documentation shown in section 4.4.1.3 of the report was finalised. 
The Level 1 HAM Review took place on 14th March 2025, no potential safety issues were raised by the panel, and the Providing & Responsible Managers were content to accept the risk. The Safety Risk Assessment Record & Trials Certificate were then signed and dated by both Managers.
The TRR took place on 27th March 2025 with the trials team. All attendees were content with the progress at that stage and were happy to begin firing the following week.
Firing Requirements – 
Meet and greet customers for the trial and escort them to the firing location, ensure they are shown around and are familiar with their surroundings.
Deliver Safety Brief to team and ensure all personnel sign brief to acknowledge they understand and accept the risk.
· Firing Quadrant Elevation for the trial: 300, 500, 700, 900 & 1,100 mills
· Line of Fire for the trial: 257⁰
· Establish Firing Order with customer and request starting charge zone

3.3.2.3 - Trial 3 – June 2025 – Platform Integration & Post Pre-stressing SET Trial 

The third trial request came in from the customer early 2025 for a Platform Integration + Post Pre-stressing SET Trial. This request from the customer came into the QinetiQ management team who then discussed the aims and objectives of the trial with the customer. 
After all the background work between the Project Managers and customers had taken place, a two-week timescale was allocated to the subject trial. This two-week slot was assigned for 3 days preparation, 9 days to deliver the trial and 2 days for post-trial activities.
The Customers Main Aims and Objectives for this trial are:
Post Pre-stressing SET – 
· To assess HW70 Zones: 3,4, 5 and 6 chamber pressure, muzzle velocity and firing interval at extremes of temperature when fired from a Platform weapon system.
Ammunition – 
For this trial the following OME was going to be delivered by the customer and was required to be fired as per the firing order highlighted in the customer specification. The ammunition delivery and processing were carried out whilst always adhering to The Explosive Regulations 2014 (ER2014) and JSP 482:
78 x SHELL, 155mm, HOW, HE, L15 were fired with HW70 Modular charges @ Zones 3,4,5 & 6 and Primer Percussion M191A2. 10 x L15 HE SHELL fired as warmers as a requirement throughout the trial with L8A2 Zone 5 & 6 Charges all @ 21⁰C. 39 x L15 HE SHELL fired @ +21⁰C and a cold charge temperature of -46⁰C. 27 x L15 HE SHELL fired @ 21⁰C and a hot charge temperature of +63⁰C. 12 x L15 HE SHELL fired @ +21⁰C and an ambient charge temperature of +21⁰C.
The above OME was delivered successfully six weeks prior to the start of the delivery stage of the trials process. This gives the ammunition department enough time to successfully process and store the OME ready for the firing phase. For this trial, the OME needed to be fired at various conditioning temperatures, therefore, it was split across three different storage chambers, and the required temperatures were set.
As per the customer trial specification, the following ammunition requirements needed to be successfully met:
· All Shell and Charges are to be visually inspected and identified ready for conditioning.
· The mass of each all-up-projectile (fuzed and fully assembled) is to be measured prior to commencement of the trial.
· The Moment of Inertia (MoI) is to be measured for each all-up-projectile prior to commencement of the trial.
· All Projectiles and Charge Systems are to be conditioned at the stated temperature for a minimum of 18 hours and a maximum of 72 hours.
Note: There is no maximum conditioning time for ambient (+21°C) conditions.
· The conditioning temperature tolerance required is ±2°C.
· All Ammunition out of conditioning for more than 30 minutes shall be reconditioned for double the downtime before firing.
Data Capturing – 
All data capturing equipment used for this trial is listed in section 4.4.1.2 of this report and was set up at the firing location as per the trial design shown in Figure 2 – Range Layout. Preparation for the trial begun on 23rd June 2025 and there were no issues with setting up the data capturing equipment for the trial, this mainly due to the extensive instrumentation competencies and experience within the team. The trial was prepared successfully within the three-day timescale with assistance from the range team meaning the firing stage could go ahead as intended.
Trials Assurance & Authorisation –
The weapon danger area was created on 9th June 2025 and was sent to the TAL for assurance. As stated previously, the STRACE created for the subject trial was created using WESCoE safety advice because of no current firing tables for the weapon system. The STRACE was assured by the TAL the following day and all relevant documentation shown in section 4.4.1.3 of the report was finalised. 
The Level 1 HAM Review took place on 13th June 2025, no potential safety issues were raised by the panel, and the Providing & Responsible Managers were content to accept the risk. The Safety Risk Assessment Record & Trials Certificate were then signed and dated by both Managers.
The TRR took place on 20th June 2025 with the trials team. All attendees were content with the progress at that stage and were happy to begin firing the following week.
Firing Requirements – 
Meet and greet customers for the trial and escort them to the firing location, ensure they are shown around and are familiar with their surroundings.
Deliver Safety Brief to team and ensure all personnel sign brief to acknowledge they understand and accept the risk.
· Firing Quadrant Elevation for the trial: 400 mils
· Line of Fire for the trial: 257⁰
· Establish Firing Order with customer and request starting charge zone

3.3.2.4 - Trial 4 – February 2026 – Post Pre-stressing TSET Trial

The fourth trial request came in from the customer late 2025 for a Post Pre-stressing TSET Trial. This request from the customer came into the QinetiQ management team who then discussed the aims and objectives of the trial with the customer. 
After all the background work between the Project Managers and customers had taken place a 10-day timescale was allocated to the subject trial. This 10-day slot was assigned for 3 days preparation, 5 days to deliver the trial and 2 days for post-trial activities.
The Customers Main Aims and Objectives for this trial are:
· To gain confidence that the Shell are bore and flight safe during firing at PMP
· To gather internal and external ballistic data to add to the safety case for in-service use of the L15 Shell in the platform weapon system
Ammunition – 
For this trial the following OME was going to be delivered by the customer and was required to be fired as per the firing order highlighted in the customer specification. The ammunition delivery and processing were carried out whilst always adhering to The Explosive Regulations 2014 (ER2014) and JSP 482:
68 x SHELL fired in total. 38 x SHELL, 155mm, HOW, HE L15 TSET were fired with GAP Charges. 2 x SHELL, 155mm, HOW, HE L15 fired with GAP Charges. 8 x SHELL, 155mm, HOW, HE L15 TSET Comparator fired with GAP Charges. 2 x SHELL, 155mm, HOW L15 Full SET & Fast Track SET fired with GAP Charges. 20 x SHELL, 155mm, HOW L15 fired with GAP Charges. 10 x L15 HE SHELL fired as warmers as a requirement throughout the trial with L8 Zone 7 Charges.10 x L15 HE SHELL fired as Charge Adjust rounds as a requirement throughout the trial with GAP Charges. All rounds fired with Primer Percussion M191A2.
23 x L15 HE SHELL fired @ a cold conditioning temperature of -46⁰C. 10 x L15 HE SHELL fired @ an ambient conditioning temperature of +21⁰C. 24 x L15 HE SHELL fired @ +63⁰C. 4 x L15 SHELL fired @ a cold conditioning temperature of -46⁰C. 4 x L15 HE SHELL fired @ a hot conditioning temperature of +63⁰C. 1 x L15 HE SHELL fired @ a cold conditioning temperature of -46⁰C. 2 x L15 HE SHELL fired @ a hot conditioning temperature of +63⁰C. 
The above OME was delivered successfully six weeks prior to the start of the delivery stage of the trials process. This gives the ammunition department enough time to successfully process and store the OME ready for the firing phase. For this trial, the OME needed to be fired at various conditioning temperatures, therefore, it was split across three different storage chambers, and the required temperatures were set.
As per the customer trial specification, the following ammunition requirements needed to be successfully met:
· All Shell and Charges are to be visually inspected, identified and marked ready for conditioning.
· The mass of each all-up-projectile (fuzed and fully assembled) is to be measured prior to commencement of the trial.
· All Projectiles and Charge Systems are to be conditioned at the temperature specified in the Firing Plan for a minimum of 18 hours and a maximum of 72 hours. There is no maximum conditioning time for ambient (+21°C) conditions. 
· The conditioning temperature tolerance required is ±2°C. 
· All Ammunition out of conditioning for more than 30 minutes shall be reconditioned for double the downtime before firing.
Data Capturing –
All data capturing equipment used for this trial is listed in section 4.4.1.2 of this report and was set up at the firing location as per the trial design shown in Figure 2 – Range Layout. Preparation for the trial begun on 24th January 2026 and there were no issues with setting up the data capturing equipment for the trial, this mainly due to the extensive instrumentation competencies and experience within the team. The trial was prepared successfully within the three-day timescale with assistance from the range team meaning the firing stage could go ahead as intended.
Trial Assurance & Authorisation – 
The weapon danger area was created on 14th January 2026 and was sent to the TAL for assurance. As stated previously, the STRACE created for the subject trial was created using WESCoE safety advice because of no current firing tables for the weapon system. The STRACE was assured by the TAL the following day and all relevant documentation shown in section 4.4.1.3 of the report was finalised. 
The Level 1 HAM Review took place on 19th January 2026, no potential safety issues were raised by the panel, and the Providing & Responsible Managers were content to accept the risk. The Safety Risk Assessment Record & Trials Certificate were then signed and dated by both Managers.
The TRR took place on 23rd January 2026 with the trials team. All attendees were content with the progress at that stage and were happy to begin firing the following week.
Firing Requirements – 
Meet and greet customers for the trial and escort them to the firing location, ensure they are shown around and are familiar with their surroundings.
Deliver Safety Brief to team and ensure all personnel sign brief to acknowledge they understand and accept the risk.
· Firing Quadrant Elevation for the trial: 400 mils
· Line of Fire for the trial: 257⁰
· Establish Firing Order with customer and request starting charge weights for warmers and charge adjust rounds
[bookmark: _Toc224726110]3.4 Conclusion
After receiving the requirements from the customer, it was clear that the best way to go about meeting said requirements was to carry out various fring trials to obtain the data they required. After undertaking the four firing trials and successfully obtaining all required data the decision to take this route to meet the overall aim of the project was a strong decision. To meet all the requirements of collecting data there was no other route to take. All trials were a success, and the customers were pleased with the data they received; the design & implementation was perfect for what was required.

[bookmark: _Toc224726111]Chapter 4 – Results
[bookmark: _Toc224726112]4.1 Introduction
This section of the report will discuss the results obtained from the four firing trials carried out at MoD Eskmeals. The results that will be discussed will be approximate value and will be shown in terms of a range (from-to) for sensitivity reasons. Not all results from the trials conducted can be discussed in this report, as per the request from the MoD.

[bookmark: _Toc224726113]4.2 Results Obtained

[bookmark: _Toc224726114]4.2.1 Trial 1 - June 2024 – Platform Integration PST Firing Trial Results

The results shown below in Figure 20 show the Average Approximate Results for the trial. The results show the Depth of Ram, Recoil, Firing Interval, Muzzle Velocity, Pressure Readings, Range Deflection & Tie of Flight for the three OME firing temperatures. Within the trial there were issues with calculating the recoil of the weapon system and for obtaining a firing interval time, this issue was discussed with the customer who was content to continue without the two pieces of trial data.
The results obtained met all the customers aims & objectives for the subject trial. The trial work carried out met all requirements for the trial and the customer was happy with the outcome.[image: ]

[bookmark: _Toc224549040]Figure 20 - Trial 1 - Average Approximate Results
[bookmark: _Toc224726115]4.2.2 Trial 2 - March 2025 - Platform Integration + Range & Accuracy Trial Results

The results shown below in Figure 21 show the Average Approximate Results for the trial. The results show the Firing Interval, Muzzle Velocity, Pressure Readings, Range Deflection & Time of Flight for the five elevations at various charge zones. Within the trial there were issues with calculating the recoil of the weapon system and the copper crusher gauges were removed from the trial due to the damage that was being caused from the high-pressure readings for the bigger charges.
The results obtained meet all the customers aims & objectives for the subject trial. The trial work carried out met all requirements for the trial and the customer was happy with the outcome.
[image: ]
[bookmark: _Toc224549041]Figure 21 - Trial 2 - Average Approximate Results
[bookmark: _Toc224726116]4.2.3 Trial 3 - June 2025 – Platform Integration & Post Pre-stressing SET Trial Results
The results shown below in Figure 22 show the Average Approximate Results for the trial. The results show the Depth of Ram, Recoil, Firing Interval, Muzzle Velocity, Pressure Readings, Range Deflection & Tie of Flight for the three OME firing temperatures. Within the trial there were issues with the copper crusher gauges, they were unable to be read because of the damage being caused.
The results obtained meet all the customers aims & objectives for the subject trial. The trial work carried out met all requirements for the trial and the customer was happy with the outcome.
[image: ]
[bookmark: _Toc224549042]Figure 22 - Trial 3 - Average Approximate Results

[bookmark: _Toc224726117]4.2.4 Trial 4 - February 2026 – Post Pre-stressing TSET Trial Results

The results shown below in Figure 23 show the Average Approximate Results for the trial. The results show the Depth of Ram, Recoil, Firing Interval, Muzzle Velocity, Pressure Readings, Range Deflection & Tie of Flight for the three OME firing temperatures. Within the trial there were issues with the HPI gauges, they were unable to be read because of the damage being caused.
The results obtained meet all the customers aims & objectives for the subject trial. The trial work carried out met all requirements for the trial and the customer was happy with the outcome.
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[bookmark: _Toc224549043]Figure 23 - Trial 4 - Average Approximate Results
[bookmark: _Toc224726118]4.3 Results Conclusion
The results obtained from the firing trials were all obtained accurately and to the highest capability. These four firing trials were a huge success. The duration from the first trial to the final trial was long however, all the customers’ requirements were met for each trial. The customer was pleased with the outcome of all trials and passed on their positive feedback.
Throughout the four trials there were a few issues with obtaining some of the data however, this was discussed with the customer present for the firing trial who agreed to proceed without the data as some of it was less essential.
The vast range of data produced over the four firing trials was a huge assistance in creating the firing tables for the new platform weapon system.
[bookmark: _Toc224726119]Chapter 5 – Discussion

[bookmark: _Toc224726120]5.1 Introduction
This section of the report will discuss the findings of the four trials and the results obtained. These results will be described in detail and why certain factors affected some results from being captured. Whether or not the aims & objectives were achieved will also be discussed and the reasons they may not have been met will be explained.

[bookmark: _Toc224726121]5.2 Reviewing Results
The results obtained from the four firing trials show an extensive range of data which is used to create the new firing tables. The various types of OME, Elevations, OME temperatures and charge zones all produce different data when being fired through the same weapon system. The results obtained also vary when the same firing conditions are set, this could depend on meteorological conditions and weapon system condition. The effect of the meteorological data at the time of firing can obscure the results round by round, this is also the case for the condition of the weapon system. If the weapon system isn’t warm inside the chamber if it is at the start of the day these results may differ compared to firing under the same conditions at the end of the day because the chamber will be much hotter. 
In total, six different variants of OME were fired through the weapon system throughout the four trials. There were 356 rounds fired in total at 3 different projectile temperatures and 3 different charge temperatures. There were 4 different charge zones used for the HW70 charges across 6 different elevations in total. Overall, there were approximately 5,340 piece of data collected to help assist in the creation of the platform firing tables.

[bookmark: _Toc224726122]5.3 Where the Aim & Objectives Successfully Achieved?

The main aim & objective of the project was to collect firing data to assist in the creation of platform firing tables.  The overall aim of the project was 100% achieved as a large amount of accurate data was collected throughout the four trials. The individual aims & objectives for each trial were also fully achieved, including the ammunition & data capturing requirements that were set by the customer.  

[bookmark: _Toc224726123]5.4 Conclusion
Overall, the data obtained from the firing trials was accurate under various firing circumstances and the trials conducted were a huge success. The customer was pleased with the outcome of each trial and passed on their feedback and gratitude to the trials team.
[bookmark: _Toc224726124]Chapter 6 – Conclusion & Recommendations
[bookmark: _Toc224726125]6.1 Summary of Work
This project was undertaken to collect firing data to help assist in the creation of platform firing tables. That is exactly what this project achieved from the four firing trials. All steps in the process of how the project was executed have been shown in detail and the results obtained have been summarised to prove that all the individual aims & objectives were achieved and the main aim of the project was accomplished.  
All in all, throughout the duration of the project, there were no major difficulties or setbacks that affected the results from being obtained which ultimately led to the successful completion of the project.
Upon the successful completion of the project, a large amount of positive feedback was received from both the external customers and the Ministry of Defence to acknowledge the hard work that went into completing the firing trials. 
The Ministry of Defence then passed on the positive news that the firing tables for the new platform weapon system had been completed, meaning the project was a huge success
[bookmark: _Toc224726126]Chapter 7 – Reflection
[bookmark: _Toc224726127]7.1 What Was Learnt?
This project was a great learning experience, looking at all the details that go into preparing for a project of this size is very insightful.  From starting the project to the successful completion was a lengthy process however, a lot was learnt. Being a part of all areas of a project of this size has provided a lot of knowledge to be used for scenarios like this in the future. 
If this project was to be carried out again the design used was suited perfectly to the aim & objectives therefore, it shouldn’t be changed. It is great to see the importance of the project and that it is recognised and appreciated throughout the industry.
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