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1. [bookmark: _Toc130459256]Introduction
Firing shelters are used at MoD Pendine to protect trials staff from fragments or ricocheting bullets during trials activities. Currently, Pendine blocks are placed in front of firing shelters (shown in Figure 1) as the business is unsure if the firing shelters are sufficiently robust to protect staff within. 
[image: Chart

Description automatically generated with low confidence]
[bookmark: _Toc130459272]Figure 1 – Current Set up of firing shelters
It will save time, effort and eliminate the hazardous activity of placing these 1500kg blocks if the shelter is found to be sufficiently robust. The purpose of this research is to assure QinetiQ leadership that the firing shelters are sufficient to protect staff without the need of Pendine blocks.
2. [bookmark: _Toc130459257]Background to the Proposed Research
A literature review has been conducted to ascertain if similar testing has been conducted. There are several examples of research conducted using ballistic testing methods which shall be used for this research, including: Material Behaviour during Ballistic Testing [1], Ballistic testing of surface-treated alumina and silicon carbide with improved adhesive bond strength [2], Ballistic testing of transparent armour ceramics [3]. Another article regarding the Standardisation in testing ballistic protection systems [4] confirms the proposed test methods are suitable for testing armours effectiveness.
Similar testing has been conducted extensively at Pendine, although not on the RHA firing shelters, but rather on customer supplied targets of various materials and thicknesses. The procedures and data capture requirements for ballistic testing and how to conduct it safely are well understood.
3. [bookmark: _Toc130459258]Aims & Objectives
3.1 [bookmark: _Toc130459259]Aims
To determine if the firing shelters in use at MoD Pendine are sufficient protection for staff without the addition of Pendine Blocks.
3.2 [bookmark: _Toc130459260]Objectives
To conduct testing in the spirit of AEP-55 [5] to determine the effectiveness of firing shelters. This includes:
· Charge adjustment of ammunition to achieve different strike velocities.
· Measurement of Muzzle and Strike Velocities.
· Measurement of target plate temperature.
· High Speed Digital Video (HSDV) footage of bullet interaction with target plate.
· Being able to hit the target point within 1 calibre of the aim point. 
4. [bookmark: _Toc130459261]Experimental Design
4.1 [bookmark: _Toc130459262]Outline of Experimental Procedure
The trial shall be set up as per figure 2 & 3.
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[bookmark: _Toc130459273]Figure 2 – Range layout plan view
[image: Diagram

Description automatically generated]
[bookmark: _Toc130459274]Figure 3 – Range layout side view
For the threat type the shelters will be most likely exposed to (ball rounds) AEP-55 states 22 rounds with no complete penetration must be achieved to give a 90% confidence level in the armour.


4.2 [bookmark: _Toc130459263]Data Collection
For each round fired the data required and capture methods are tabulated below in table 1.
[bookmark: _Toc130459278]Table 1 – Data Capture Requirements
	Data Required
	Capture Method 

	Muzzle Velocity
	Weibel Doppler MV Radar

	Strike Velocity
	Weibel Doppler MV Radar, Optical Detectors, HSDV cameras

	Interaction of round with target plate
	HSDV cameras

	Meteorological Data
	Met Station

	Shot Position
	Tape measure

	Penetration result
	HSDV camera and witness screen

	Charge weight
	Scales



4.3 [bookmark: _Toc130459264]Data Evaluation
Data capture at Pendine is in accordance with ISO/IEC 17025 UKAS [6] and the site holds accreditation so data is reliable. Data will be reviewed by the Principal Researcher to identify the threat level the firing shelters are proof against.
4.4 [bookmark: _Toc130459265]Risks & Limitations
A generic trials risk assessment for small arms activities at Pendine [7] exists and will be supplemented by a trials specific risk assessment. No university assets or personnel will be exposed to any risk.
4.5 [bookmark: _Toc130459266]Ethical Issues
An ethics form has been completed [8]and submitted. There are no ethical issues with the conduct of this activity.
5. [bookmark: _Toc130459267]Resources & Planning
5.1 [bookmark: _Toc130459268]Physical Resources
Table 2 tabulates the resources required for this research, note the list is not exhaustive and covers the main elements.
[bookmark: _Toc130459279]Table 2 - Physical Resources
	Item
	Quantity

	Target plates
	4

	Table
	1

	Weapon 
	1

	Mount
	1

	Firing shelter
	1

	Camera shelter
	1

	Pendine blocks
	As required

	MV Radar
	1

	Optical detectors
	4

	HSDV cameras
	2

	Met station
	1

	Mobile Ammunition Process Facility 
	1

	Telehandler
	1



5.2 [bookmark: _Toc130459269]Human Resources
Table 3 tabulates the staff required to undertake this research, note this list is for range staff only and doesn’t include the plethora of background staff that enable trials to occur.
[bookmark: _Toc130459280]Table 3 - Human Resources
	Job Title
	Role
	Quantity

	Trials Manager
	Responsible for trial delivery
	1

	Trials Conducting Officer
	Weapon operation
	1

	Range Worker
	Range construction and target movements
	2

	Instrumentation
	Data capture
	2

	Photographer
	HSDV operation and stills
	1

	Magazines Worker
	Charge adjustment
	1
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6. [bookmark: _Toc130459270]Gantt Chart
See figures 4 to 6 for the planned dates activities will take place.
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[bookmark: _Toc130459275]Figure 4 - Gantt Chart March '23 - July '23
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[bookmark: _Toc130459276]Figure 5 - Gantt Chart August '23 - December '23
[image: ]
[bookmark: _Toc130459277]Figure 6 - Gantt Chart January '24 - April '24
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