Trials Design: Comparative Study of Muzzle Velocity Measurement	October 16	2016
A comprehensive review of the design of a L118 light gun activity incorporating the aid of computer aided design. The author has discussed and analyzed the processes of ballistics and large calibre weapon design reviewing in the author’s opinion the most relevant factors effecting muzzle velocity in the test range environment. The activity has been fully risk assessed and costed within specified boundaries.	     
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1. [bookmark: _Toc484887011]Introduction
1.1. [bookmark: _Toc484887012]Report Background and Aims
 The purpose of this study is to delve into experimental trials design, to recognise, understand and explain the variables of both engineering an experiment, and demonstrate a structured approach of delivery in accordance with a QinetiQ test range environment.
This report will consider the design characteristics of delivering a large calibre activity focusing on muzzle velocity measurement techniques, in the form of a trials conduct document with incorporation of CAD. The costs of delivering such an activity in both man hours and fiscal outlay will also be identified.
 In accordance with QinetiQ’s safety management structure, appropriate risk controls will be constructed representative of a non-theoretical activity using hazard analysis techniques.  
 The author will explore the premise from multiple angles, demonstrating sound knowledge of QinetiQ internal process and procedures for trials delivery, through the construction of works that are compliant with said procedures. 
 The author will investigate why muzzle velocity measurement is such a common activity in a test range environment, particularly on land ranges such as Shoeburyness and Eskmeals. Explaining aspects of current large calibre munition design, the writer will show why muzzle velocity variance is necessary dependant on platform, target and the required nominal effect.
Conclusions can then be drawn on the specific aspects explored as part of this report.     
1.2. [bookmark: _Toc484887013] Gun Systems
Since the invention of the first ballistic weapons using chemical energy, scientists have strived to understand and develop these systems.
In their simplest form, the fundamentals of all gun systems operate on the same basic principles. Whether that be artillery, mortars, rifles and everything in-between. A ballistic weapon is a projectile delivery system, only the scale of the weapon and the intended target effects differ. Muzzle velocity is a key performance indicator with any of these weapons and is an integral component during the design process to ensure nominal target effect.   
The field of velocity measurement is multifaceted and pivotal in the development of new weapon systems and projectiles. As important as the measurements themselves, understanding why velocities vary by design, between gun type and ammunition nature, demonstrates the scope of this study and why the need for accurate data is so important.
Performance, cost, reliability, safety and sufficient endurance for battlefield use are all critical variables that muzzle velocity becomes a function of. For example, it is possible to develop and design anti-armour tank cannon with significantly higher muzzle velocities (MV) than are currently available on modern platforms, resulting in improved armour penetration. However, weapon performance must be balanced. Militarily, having the best performing cannon in terms of MV and destructive efficiency (assuming comparable projectile design and propellant performance) is irrelevant if material limitations mean only 30 rounds could be fired consistently due to metallic erosion. 
Design is always a compromise of balancing factors due to a hierarchy of needs, and weapon systems are no exception.  
Ballistics is the scientific study of projectiles and their platforms; it can be broken down into the following sub-divisions:
· Internal Ballistics
· Intermediate Ballistics
· External Ballistics
· Terminal Ballistic
Designing a trials activity to study muzzle velocity measurement requires the recognition of variables primarily introduced during internal, intermediate and early external ballistics. Terminal ballistic effects will be limited to range safety considerations. The munition nature used will be inert but representative of a high explosive nature in terms of mass and aerodynamic efficiency.  
1.2.1. Internal Ballistics
Internal ballistics is a term used to describe the firing process within the weapon. According to Dr Clare Knock of Cranfield University, the interactions that occur from the strike of the primer to the expulsion of gas from the barrel should be considered internal ballistics. 
The firing process of a typical weapon begins typically with the initiation of a primer either through a physical strike or electrical discharge, the aim being to induce a chemical reaction within this sensitive propellant nature. It is the first step in the explosive chain. The heat produced then passes through a channel either within the breech mechanism or cartridge case until it reaches a booster (chemically less sensitive than the primer but more sensitive than main charge). In some instances a booster isn’t required as the initial energy released is sufficient to ignite the main charge. When ignited, the main propellant burns to produce gas within the chamber or cartridge, which rapidly expands to create extremely high pressure in the chamber. Propellant shape determined by changing surface area of the material can create progressive and regressive pressure loading throughout the firing process. The pressure produced is then contained through the process of obturation. Obturation is obtained differently dependant on the type of charge used. Non-combustible cartridge cases typically produced of brass alloy expand and press against the chamber walls and, in conjunction with the breech, create the rearward seal. Combustible cartridges normally found in modular artillery systems and tanks rely on an obturation pad which, when squeezed due to the increased pressure on the breech, expands to form the rearward obturation seal. Forward obturation is achieved identically regardless of cartridge type in the form of the projectile. As the pressure behind it builds, the projectile is pushed into the commencement of rifling (COR) where the body or driving band (often seen in larger platforms) engages the lands, forming the forward obturation seal.  As the chamber pressure continues to increase, the friction presented by the projectile is overcome and shot start is achieved. The projectile is then accelerated down the barrel until it is fired from the gun. Pressure within the chamber will continue to rise until either ‘all burn’ is achieved, where all the propellant is consumed, or the rate at which the volume inside the chamber and barrel is increasing overcomes that of gas production. The amount of energy imparted to the projectile is directly proportional to the area under the pressure curve. 
A gun system is typically 30% efficient. 70% of the total energy of the propellant is wasted. 60% of the energy lost is contained within the gas in the form of thermal loss and kinetic energy. 10% is lost through the gun itself from heating, friction, recoil and flash (1).   
Using the following formula, the chemical energy of the propellant can give an approximate indication of the projectile’s muzzle velocity if the efficiency is known:

Where by:  = Gun efficiency
                     Q= The heat of explosion in joules per gram, Jg-1 
                      m= Propellant mass in grams, g
                      M= Projectile mass in grams, g
                      v= Muzzle velocity metres per second, ms-1
Transposed for velocity:                                                         (2)
Below is a standard internal ballistic configuration of a projectile with a non-combustible cartridge:
Image 1: Standard Ballistic Configuration
[image: Image result for internal ballistics pressure curve] (3)Cartridge Case
Propellant
Primer
Rifling
Projectile


Engineers use internal ballistics data to determine the projectile launch conditions through gun and charge design. When the physical dimensions of a weapon are established, the design of the charge is critical in achieving specified muzzle velocities for individual projectile natures fired from the platform. Through modelling and experimental testing, it is possible to predict and produce pressure-time curves of the firing process.  This is to ensure the safe functioning of the gun and design optimisation. It allows the engineers to stay within pre-determined limitations, for example, the peak internal pressure. 
Image 2: Large Calibre Pressure Time Curve
[image: Image result for internal ballistics pressure curve]
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Another more simplistic method of calculating the kinetic energy at launch, using a pressure time curve is to perform a work done calculation using the following formula:

P= Pressure ()
A= Area ()
L= Length (M)
Due to the proportional nature of the energy transfer to the projectile it is possible to raise muzzle velocity without increasing peak internal pressure through the broadening of the curve. This results in a higher muzzle velocity and longer weapon range. Broadening of the pressure curve is primarily the result of propellant type and grain shape.
1.2.2. Intermediate Ballistics
Intermediate ballistics is a transient period between internal and external. It primarily investigates blast and flash effects which can inadvertently affect projectile performance.
[image: C:\Users\tjclayton\Pictures\Muzzle-Brake-Photos-from-Herra-Kuulapaa.jpg]As a projectile travels down the barrel assuming it is within atmosphere, a pressure gradient is formed in front of the round. As velocity increases a bottle shock pressure wave is created. The original gas present forward of the obturation seal is forced out of the barrel, before the munition emerges, an initial precursor blast wave is the result. Propellant gases that may have escaped before the obturation seal has been established will also make up the precursor field.
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As the precursor blast wave continues to expand it is shortly followed the by the emergent projectile. On exit of the barrel the projectile leads the contained high temperature and pressure gases, which form the primary component of the main blast wave. Film presented by Cranfield University seems to show on initial emergence the shockwave being highly distorted due to the complex interaction between the gases, projectile and atmosphere. If the projectile is supersonic in nature it will continue to pass through the main blast wave and form a Mach cone at its nose and base. The remaining propellant gas behind the wave front slows, it mixes with oxygen in the atmosphere, and any remaining fuel contained within the gas is consumed. Energy is released in the form of light and heat (muzzle flash). Due to the greater energy released in the formation of the main blast wave and the attenuation of the precursor, the first wave is consumed by the second. 
Image 3 +4: Small Calibre Transient Ballistics
[image: C:\Users\tjclayton\Pictures\Muzzle-Brake-Photos-from-Herra-Kuulapaa.jpg]
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1.2.3.  External Ballistics
External ballistics is a term used to describe the trajectory and performance of projectile when in flight. Muzzle velocities are by their nature captured close to projectile initial launch and it could be argued as primarily being a factor of transient ballistics. However as important as the launch velocity, projectile stability at shot exit and beyond will drastically determine the weapons range and target effect. It is critical to consider muzzle velocities as only one performance indicator among many.
The primary factors governing external ballistic performance excluding muzzle velocity are as follows:
· Drag
· Stabilisation 

Without the influence of drag through air resistance projectile flight would be completely parabolic in nature with gravity being the only governance to range. (Newton’s laws of motion + Vectors)
Drag on a projectile can be thought of in terms of fluid dynamics with the formation of boundary layers of air on the skin of the material. Flow can be characterised as either laminar which is uniform and predictable, or turbulent. Turbulent air is formed further from the leading edge of the projectile and is made up of randomised chaotic eddy currents. The diagram below visualises this process:
Image 5: Laminar to Turbulent Airflow 
[image: ]
The value of the applied sheer stress on the projectile due to skin friction is a function of the level of external dynamic pressure ( )  , the surface area and the drag co-efficient of the round. The drag co-efficient depends on the viscosity of the medium and the velocity gradient at the surface of the skin i.e. the boundary layer sizes and whether they are primarily laminar or turbulent in nature. It also should be noted that the drag coefficient is not a constant and is dependent on velocity. Traditionally this value is greatest at Mach 1 otherwise known as the speed of sound. This is due to the projectile being forced into contact with its own pressure wave or bow wave moving from a detached to attached wave front (fore body drag).
 In large calibre munitions base drag also makes up a large component of the total applied drag on a projectile, this due to the sharp transition from projectile body to void/vacuum traveling in the wake of the round. The air flow becomes turbulent in nature as it expands into this void. Designers attempt to compensate for this through the introduction of boat tailed projectiles.
Image 6: Projectile Boat Tail
[image: ]
Through the use of boat tails the pressure gradient can be increased so it is closer to that of ambient decreasing the size of the effected zone.  Additional methods of drag reduction such as base bleed are available but do not add value to this report through discussion, the aim is to provide a general overview of factors effecting external ballistics.
Stability of large calibre munitions is provided using two methods; spins stabilisation through gyroscopic precession where by the response is out of phase by 90°, and fin stabilisation through the nominalisation of air flow. Both methods work using the same principle which is to bring the centre of pressure to behind the centre of gravity. Visually for both variations this is shown below:
Image 7+8: Spin Stabilised vs Fin Stabilised
[image: ][image: ] 
For the purposes of target effect especially in fused high explosive natures using spin stabilisation, great care must be taken to neither over nor under rotated the projectile. Under rotation will result in tumbling of the round greatly reducing range and could potentially disrupt the correct functioning of the detonation train. This is due to the aerodynamic moments overcoming that of the gyroscopic. Over stabilisation results in excessive gyroscopic forces being applied to the round, this prevents the formation of a parabolic trajectory.  
Image 8+ 9: Projectile Staiblisation
[image: ]
[image: ]


1.2.4. Relationship between Ammunition Design and Muzzle Velocity in Large Calibre Weapons
If range were excluded as a factor, muzzle velocities would also vary dependant on the projectiles operational function and/or method of armour defeat.  For the purpose of defeating armour ammunition natures can be broken down into two specific categories of energy transfer.
· Kinetic Energy
· Chemical Energy
 The terminal effects of most chemically driven warheads involve the conversion of the stored chemical energy into kinetic energy, a prime example being the shaped charge. 
Depending on the associated muzzle velocities kinetic energy penetrators can be broken down again into two main zones depending on the nature of the impact with the target, during the terminal ballistics stage. These are as follows:
· Sub-Hydrodynamic
· Hydrodynamic

An impact is sub-hydrodynamic if the velocity of projectile is below 1300  and is mainly associated with small arms. Hydrodynamic impacts (>1300 ) are more closely associated with large calibre long rod penetrators and shaped charges. It should be noted until projectile velocity exceeds 3000  the impact will still contend with some mechanical properties at impact. Both these impact types induce different failure modes within the target material.

Irrespective of the failure mode and velocity, the requirement of kinetic energy penetrator is the same, and that is to maximise the kinetic energy density at the point of impact.


KE= Kinetic Energy (J)
M=Mass (Kg)
V= Velocity (


Where by: KED=Kinetic Energy Density
                     M=mass (
                     V= Velocity ()
      L= Length of penetrator (
      = Density of penetrator ()
The whole projectile design process is governed by this equation and is especially prevalent in larger calibre weapon systems.
Currently the L30 120mm cannon mounted to Challenger II is a great example of the relationship between muzzle velocity and ammunition design within the same platform. When firing its primary ammunition nature the L27 A1 charm 3 armoured piercing fin stabilised discarding sabot (APFSDS) projectile it has the highest muzzle velocity of any large calibre ordnance in service with the British armed forces. This projectile constitutes two main components the sabot and a jacketed long rod. The rod constructed of heavy tungsten based alloys is formulated to generate material that is both high in density and strength. The ratio of length to diameter for a jacketed long rod is restricted to 40:1 with the current limitations of material science. The sabot is designed to minimise the amount of parasitic mass that is separated at launch, conventionally this would be high strength low density aluminium however more modern applications are introducing carbon composites for this task.
To produce a muzzle velocity in excess of 1500  this sabot design allows for an increase in the maximum specific impulse which is applied to the round due to the larger surface area at the rear of the projectile which the propellant gases interface with. When sabot separation occurs aerodynamic improvements increase the strike velocity at impact improving KED.
[image: C:\Users\tjclayton\Pictures\Hesh.jpg]Alternatively the L30 cannon, has a secondary ammunition nature for armour defeat that is not dependent on KED like that of the long rod. The High Explosive Squash Head otherwise known as HESH is a base fused thin skinned projectile filled with plastic explosive. The muzzle velocity of this projectile is considerably slower than that of the long rod, at approximately 670. The reason for this reduction is the structural limitations imposed by the material characteristics of the projectile due to the requirement of delivering a payload. The longitudinal acceleration of a long rod penetrator is in excess of 19,000 times that of the force of gravity at launch, A HESH round is subject to a mere 3,500 G. The HESH projectile including the explosive components must remain intact with relatively little movement. Launch forces are at their highest at the base of the round by the fuse, the metal there is reinforced consequently. The high pressure under the driving band also requires increased wall thickness to withstand the forces exerted on this section. Visually this is shown below:
Image 10: Hight explosive Squash Head







Due to the lower muzzle velocities the maximum range of this projectile is significantly below that of the long rod; however unlike the former this rounds effectiveness in terms of armour effect is not significantly reduced by the lower kinetic energy at range. This is due to the operation of this round at impact whereby the malleable nose cone and high explosive fill deposits itself across the surface of the armour before detonating, inducing a high pressure compressive wave that passes through the armour material. When this propagating wave front reaches the rear surface of the material it is reflected back towards the source of the impact in the form of a tensile wave, due to materials tending to be weaker during tension, brittle failure occurs in the form of scabbing. Visually this process is shown below:
Image 11: HESH Impact

[image: ]






The relationship shown above is not unique throughout the global armaments industry nor does it explore all the variables that effecting muzzle velocity when compared with ammunition design, but it demonstrates the intrinsic importance rather neatly.
1.3. [bookmark: _Toc484887014]Land Range Instrumentation

For the purposes of gathering data relating to muzzle velocity the test range environment has a number of options at its disposal, the author has chosen 3 of these to evaluate in relation to this report:
· High Speed Photography (Phantom Cameras)
· Optical Gates (Sky Screens)
· Doppler Radar


With the exception of Doppler radar the above methods of instrumenting a trial work off the same basic principle. .

To be effective in a trials environment this instrumentation must have sufficient technically capability in the following areas:
· Speed- Data transfer rates between hardware
· Resolution-Data must have sufficient bit depth and capture time in cameras, low noise in radars
· Distance/Design Strength-It must function accurately from a reasonable distance from the platform to prevent damage to either piece of equipment. It must also be capable of functioning in different weather conditions
· Triggering- May be required from multiple sources such as muzzle flash detector and/or firing pulse from the firing box.




1.3.1.  High Speed Photography

 For large calibre gun trials high speed cameras can be placed in protective splinter proofs (An armoured box of varying thickness and material typically mild steel in the case of un-manned units, Rolled Homogenous Armour in manned units)  at 90° to the line of fire, with a back drop displaying known measurement distances to calculate velocity.
To maximise the accuracy of this instrumentation method the operator must balance the necessary resolution to capture the shot, against the available memory capacity and camera shutter speed/refresh rate. The aim of this being to optimise the camera to capture the projectile at the exact moment of entry and exit between the back drop marker positions. Experimental error can always be found in the clarity and accuracy of these distances and is the primary induced error of this methodology. High speed cameras are also susceptible to blast effects from the muzzle of the firing weapon system. Efforts should be made to mitigate these effects.


1.3.2. Doppler Radar
Doppler radar operates on a different principle to that of high-speed photography and optical gates , the radar produces a radiographic emission on a specified high frequency wave length (λ ) which when triggered travels towards the fired projectile, on contact it is reflected back at a different wavelength from the initial emission this is  known as the ‘Doppler shift’.  The equation used to calculate the Doppler frequency is the following:

 
   
Due to the extremely short time period between emission and reflection the radar receives these spectra as a tide of discrete wave forms, which then have to be combined into a track. Spectra of mixed frequency can be segregated and separated by Fourier Transform to produce a frequency plot. This then can be converted to a velocity via the Doppler equation.
Weibel SL-520-P Doppler Radars which are standard across QinetiQ land ranges are typically used in parallel pairs located to either side of the weapon system, the radar transmitters are set on the same bearing line of fire and elevation as the weapon. An average is taken of the two Doppler results to produce the subscribed muzzled velocity.
Triggering of this equipment tends to be via flash detector, an optical sensor that detects the sudden light emission from the muzzle flash.
Through Weibels software package on detection of the track the operator can extrapolate the projectile velocity back to its source at the muzzle.

1.3.3. Optical Gates

Optical Gates otherwise known as sky screens are deployed in pairs and for gathering muzzle velocity data. They are placed under the line of fire of the weapon and are usually protected from blast with the use of pendine blocks. Light sensitive sensors detect the projectile as it passes over head which activates a timer, as the projectile passes the second detector the timer is stopped. Detector placement is the most fundamental issue governing data accuracy, additional difficulties can be introduced into this methodology when a weapon system is firing in elevation or depression, this is due to the MV gathered being angular in nature. While the induced error is small at low angles (under 100mils) this technique becomes untenable at higher levels of elevation and depression.

1.4. [bookmark: _Toc484887015]    What is a Trial?

A trial in the sense of range engineering is scientific experiment that typically involves the use of munitions in a controlled and heavy regulated environment. Testing on QinetiQ ranges is governed by regulation from the HSE (Health and Safety Executive) but guidance is also taken from the JSP (Joint Service Publication). The most prevalent being JSP’s 403 (Hand book of Defence Land Range Safety), 482 (MOD Explosive Regulation) and 520 (Safety and Environmental Management of Ordnance, Munitions and Explosives over the Equipment Acquisition Cycle). The primary responsibility of the trials delivery team is to ensure the safe conduct of the test in question, while remaining accurate and applicable to the customer specification. 
Identifying and controlling test variables as far as reasonably practicable, allows the business to manage associated risk and costs, while ensuring the customer achieves their aims and objectives. 
As the author is acting as the primary stake holder of both, the specification and trials documentation, the following  two experimental variables have been identified as priority external risks to muzzle velocity variance outside the realm of data capture,  and integrated into the initial specification. Appropriate control measures are introduced as part of the trials conduct document\setup:
Ammunition Temperature () - It has long been recognised that ammunition temperature specifically charge temperature can have significant effect on weapon performance. The volume of propellant gases produced during combustion and at what rate can be wildly affected by temperature as established by the ideal gas law (. This in turn changes the nature of the pressure time curve, within the chamber producing a variety of muzzle velocities. Firing tables established for the L118 light gun using data from trials ET/322/92 and ET/501A/92, provide corrections for estimated muzzle velocities, for use when establishing safety traces. These firing tables allow gun teams to account for a variety of variables including temperature. For the purposes of this trials design corrections for temperature can be found in Table E, page 269 of the L118 light gun standard firing tables (2013).
Ordnance condition- The life cycle and serviceability of the weapon is an additional external variable that can affect expected muzzle velocity. Barrel life is measured in quarters which are calculated by using the number of Effective full charges (EFC) the cannon have fired. Ordnance condition throughout the life cycle of a barrel is governed primarily by 2 factors if unintentional over pressure is excluded:
1. Erosion
2. Fatigue

Erosion, otherwise known as wear, is the most common of these due to the cyclic nature in which barrel is stressed. Barrel wear is measured from the forcing cone otherwise known as the commencement of rifling; it propagates down the length of the barrel following the path of the projectile.  Excessive wear can result in increased dispersion and reduced accuracy as propellant gases are able to pass around the projectile reducing the effectiveness of the driving band and obturation seal. Range is also affected as the specific impulse applied to the round is consequentially reduced. The reduction in internal pressure decreases the rate of reaction of the exothermic process that produces the propellant gases which can result in unburned particulates that ignite when in contact with the atmosphere increasing the muzzle flash of the weapon.
Image 12: Internal Cross Section Large Calibre Gun Barrel
[image: ]
During firing large calibre gun barrels are chemically and thermally affected:
This image shows a microscopic inspection of the cross section of this
· Zone C- Outer edge of the Bore, inside the barrel, this material has been chemically degraded due to the propellant gases
· Zone B- This layer has been thermally affected changing the crystal structure of the material
· Zone A- Manufactured crystalline structure.














   
As a bi-product of the propellant exothermic reaction the following gases are produced:
· Carbon Monoxide
· Carbon Dioxide
· Hydrogen
· Water Vapour
· Nitrogen
Diffusion occurs between the outer metallic layers (Zone C) chemically altering the structure leading to primarily to hydrogen embrittlement.  The most damaging factor of hydrogen embrittlement is the interstitial gases that can lead to cracking and brittle failure along the leading edge of the bore. Carburisation also occurs in this area due to the high carbon content of the propellant gases increasing brittleness and reducing ductility further within the zone.  This material is then far more vulnerable to the mechanical and thermal effects generated during firing.
Ordnance is regularly cleaned to remove and prevent oxidation of this same metallic layer, rusting of the steel is again changing the structure of the material’s leading edge increasing erosion.
Zone B shows the thermally effected layer of the material where the steel has undergone a austenite to martensitic reaction decreasing ductility within the region. The grain structure has completely reformed from that of a face-centered cubic (FCC) to a body-centered tetragonal (BCT).
[image: ][image: ] 
Image 13+14: Austenite to martensitic in Steels
 Large calibre barrels particularly those of tanks are significantly affected by high internal chamber temperatures reducing the life of the weapon system. Propellant design has evolved to compensate for this with the introduction of triple based smokeless propellants such as nitroguanidine that reduces these temperatures while still maintaining internal pressure.  
Fatigue is another important potential failure mode of a gun barrel. During the firing process   crack initiation sites are formed in the surface of the leading edge of bore usually in the exposed lands at the highest point within the rifling. These surfaces are subject to the highest stress concentration being the interface layer between the malleable copper driving band (in most cases) and the rifling of the barrel.
Image 15: Standard Firing Arrangement


[image: ]








Image 16: 120mm L30 cross section.
	Lands are the risen peak of the rifling

[image: C:\Users\tjclayton\Pictures\estriado.jpg]Troughs are the valleys or the deepest point of the rifling




 Crack initiation sites are small, initially only a few hundred microns across invisible to all but detailed study using a microscope. The formation these sites will usually occur after around 3oo effective full charges (EFC’s) in artillery and as few as 50 EFC’s in Tank barrels (6) . Once the initial cracking zones are formed, random networks of cracks penetrate and permeate below the inner surface of the bore. These cracks continue to grow cyclically during operation of the weapon, the resultant influence of stresses in the gun barrel. These initial primary zones will propagate between the grain boundaries following the path of least resistance until they connect together to form larger longitudinal and circumferential cracks (intergranular failure). Propagation will continue until failure occurs, with an intergranular failure one would expect to see a smooth surface finish at the point of separation. If one round is assumed as one cycle, the spread of these cracks reflect fatigue crack propagation property of the material.

Assuming this initial cracking is elliptical in nature and applied longitudinally perpendicular to the stress applied during firing it is possible to calculate the maximum stress on the crack tip using the following equation:

2              








It should be noted that fatigue cracking as a failure mode is relatively rare within gun barrels are the rate of mechanical erosion is most often greater than the rate of crack propagation within the material.


1.5. [bookmark: _Toc484887016]A Systematic Process to Trials Delivery

1. Inquiry (informal)
2. Specification
· Overview
· Firing Details
· Explosive Stores
· Conditioning
· Observation
· Ordinance/Equipment
· Disposal
· Safety
· Security
· Notification of Trials and Report (content/date to be delivered)
3. Pre-bid presentation
4. Costing
5. Contract
6. Scheduling
7. Trials delivery documentation
· Trials conduct Document
· Safety Brief
· Hazardous activity risk assessment (HARA)
· Safety Trace/ Fault Tree Analysis
· Inst Detail
· Peer review (Hazardous activities scrutiny panel-HASP)
· Trials Certificate
8. Trial Preparation
9. Trial Delivery
· Deviations and Waivers
· Data Capture/Battery Book
10. Post-prep
11. Data Collation
12. Trial Report
13. Feedback Request

Once an initial customer inquiry for business is received a pre-bid team begin an analysis of the risks involved in delivery. At this point previous related data and lessons learned are gathered which are highlighted and distributed to the peer review team and Hazardous Activity Safety Panel (HASP). The HASP is responsible for the appraisal and review of the safety case.
A risk register is produced after the safety case is analysed, the potential consequences of the discussed failure modes are then allocated to either QinetiQ, or to the customer. The purpose of this is to pre-determine liability in the event of an incident.  Gated milestones are established to enable a payment plan at key locations throughout the project.

In this case as the author is acting as both theoretical customer and supplier and there will be no instances of liability or payment to cover.

2. [bookmark: _Toc484887017]Initial Specification 
2.1. [bookmark: _Toc484887018]Introduction

A dynamic activity trials specification is a document often written by the main party shareholder, manufacturer or end user (typically MOD in this field) of a product, piece of equipment or study that is under test. The specification should detail following information in preparation for the construction of a dynamics trials conduct document by the testing body, in this case a UK QinetiQ based range:

· Scope of the Study.
· General Aspects.
· Safety considerations.
· Ammunition selection (if required).
· Ammunition supplier (if required).
· Test Method.
The specification must clearly define and communicate the key requirements of the study to ensure the collection of relevant and applicable data. These deliverables form the basis of the contract between QinetiQ and the customer.

2.2. [bookmark: _Toc484887019]Scope

2.2.1. This specification governs the comparative study of muzzle velocity measurement
2.2.2. The specification defines the test requirements and is applicable only to this theoretical study.

2.3. [bookmark: _Toc484887020]General Aspects

2.3.1. This specification relates only to a theoretical activity conducted in accordance with a QinetiQ based safety management structure, QinetiQ accepts no responsibility for the validity or liability for the results of the given test.
2.3.2. Unless otherwise stated the contract or tender that invokes this specification may reference only this version, deviations must be approved by the document stakeholder and the specification must be adjusted to reflect this.
2.3.3. Any questions relating to this specification should be referred to the author.
 

2.4. [bookmark: _Toc484887021]Safety Requirements

2.4.1. This specification requires the construction and implementation of adequate process and procedures in order to prevent injuries and damage to equipment, it defines only the test specifications and in no way absolves the supplier from the legal and statutory requirements of the HSE (Health and Safety Executive). 
2.5. [bookmark: _Toc484887022]Ammunition Natures

2.5.1. Shell 105mm FD L31 Inert fitted with PRF
2.5.2. Cartridge Propelling 105mm FD Super L36 A3 

2.6. [bookmark: _Toc484887023]Ammunition Supplier and Requirements

2.6.1. All munitions to be sourced and supplied by the Range Contractor. 
2.6.2. Munition requirements (shell): 2 Warmers Rounds.
2.6.3.                                                             25 Program Rounds.
2.6.4.                                                              3 Spare. 
2.6.5. Munition requirements (charge): 30 L36A3 Charge Super.
2.6.6. 

2.7. [bookmark: _Toc484887024]Test Equipment, Facility and Observation Requirements

2.7.1. The following equipment is to be provided by the test range:

· Gun- Ordinance 105mm L118 cannon. Barrel must be within the first quarter of life cycle. 
·  2 Weibel SL-520-P Doppler Radars
· 1 Set of optical gates or sky screens 
· Phantom High speed camera 
·  Pressure/Time measurements using copper crush gauges.

  
2.7.2. The following facilities are to be provided by the test range:

· Conditioning Cambers- All munitions are to be conditioned to +21 ± 2ºc for a minimum time period of 24 hours before firing.
· Pressure measurement- Facilities to enable the reading and recording of the internal barrel pressure.
· Velocity measurement-Facilities to enable the recording of MV measurements from the 3 types of requested instrumentation equipment.
· Sufficient and competent range personnel to deliver the activity.  


2.7.3. The following measurements and observations are to be provided by the test range:

· Date and time of firings
· Meteorological  conditions
· Chamber pressure
· Muzzle velocity measurements ()
· Barrel wear at COF (before and after each firing day)
· Shell mass
· Charge mass
· Depth of Ram
· QE of Gun
· Shell lot number
· Charge lot number

2.8. [bookmark: _Toc484887025]Response Criteria to Defects
Catastrophic Defect:
Any of the following defects will be deemed as catastrophic, all related data will be immediately discounted from the study.

· Obturator failure of the L118.
· Shell breakup, pre or post barrel exit.
· Multiple failures of the instrumentation on a single round resulting in data loss.
· Severe shell instability on muzzle exit
· Barrel Failure

2.8.1. Major Defect:
Any of the following defects will be deemed as major, all related data will receive additional scrutiny to ensure viability. Details regarding the effected round and charge will be required. 

· Failure of a singular piece of instrumentation resulting in data loss.
· Munition temperatures fall outside the prescribed region detailed in part 2.7.2.
· Failures to record barrel wear at both the beginning and end of the firing interval.

2.8.2. Minor Defect:
Any of the following defects will be deemed as minor, notation of the error must be made for later review.
Failure to record the following:
· Depth of Ram.
· Shell Mass.
· Charge Mass.
· Loss of copper crush gauge.




















3. [bookmark: _Toc484887026]Trials Conduct Document

Trials Plan For:

Comparative Study of Muzzle Velocity Measurement (L118 Light Gun, 105mm FD L31 Inert, Cartridge Propelling 105mm FD Super L36 A3)

Shoeburyness Trial No X001 Version 1.0

Firing Date: Not applicable

Firing Battery: Quebec Battery

QinetiQ Project No: Not applicable


Project Identification: Swansea University Trinity St David Major Project Dissertation component 3






3.1. [bookmark: _Toc484887027]Author and Review 

Author:             T Clayton 
Title:                                   TRE Student
Approval Signature :      …………………….
(Hard Copy Master)
Date:          08/12/16

Reviewed by:

Name:          I Marrs
Appointment:  Strategic Development Manager LTPA Leadership
Signature:                   …………………… 
(Hard Copy Master)
Date: 10/06/17

Reviewed by:

Name: H McAuliffe 
Appointment: Trials Manager Apprentice
Signature:                   …………………… 
(Hard Copy Master)
Date: 10/06/17




3.2. [bookmark: _Toc484887028]Authorisations

Record of changes and updates:
This is a controlled document for the purposes of a theoretical study.
Additional copies must be obtained with the permission of the author.
Approved amendments will require replacement of the master document.
All document reviews are to be recorded.
	Issue
	Date
	Details of Changes

	1.0
	08/12/16
	Issue 1.0

	
	
	

	
	
	

	
	
	

	
	
	




3.3. [bookmark: _Toc484887029]Roles and Responsibilities

3.3.1. Trials Manager
3.3.1.1. The Trials Manager is responsible for ensuring that all activities are conducted in accordance with Range Standing orders SAF/C086/MS and SAF/C114/QQ/1.0 SAF/W001/QQ
3.3.1.2. The Trials manager has overall responsibility for activity on the battery.

3.3.2. Trials Safety Manager 
3.3.2.1. Responsible for approval of all safety data relating to this theoretical activity.
3.3.3. Project Manager
3.3.3.1.   Responsible for the execution and successful delivery of the activity.
3.3.4. Instrumentation Officer
3.3.4.1. Responsible for producing the instrumentation detail, data capture and results report.
3.3.5. Range Foreman
3.3.5.1. Responsible for overall supervision of the on-site supervisors on location to maintain communications with range control.
3.3.6. Gun Foreman
3.3.6.1. Responsible for the gun crew and adherence to gun drills.
3.3.7. Senior Instrumentation Technician
3.3.7.1. Responsible for instrumentation setup, data capture and instrumentation related safety.
3.3.8. Ammunition Inspector 
3.3.8.1. Responsible for all aspects of ammunition safety.

3.4. [bookmark: _Toc484887030]Introduction

3.4.1. Aims and Objectives

3.4.1.1. To design a theoretical trials activity for the purposes of testing the validity of muzzle velocity measurement across a variety of instrumentation equipment.
3.4.1.2. To demonstrate the author of the complete major project has a rounded understanding of Range safety, Trials planning, Delivery and can apply context to a wider knowledge of the field of Test Range Engineering and Ballistics. 

3.5. [bookmark: _Toc484887031] Security

3.5.1. To be Determined.








3.6. [bookmark: _Toc484887032]Trials Conduct

3.6.1. Firing Detail.

	Serial I.D
	Temperature
	Gun Type
	Shell
	Charge
	Target
	Range (metres)
	Remarks

	W1/2
	
	105mm L118
	FD L31 Inert
	L36A3 Super
	Sand/Water
	1000
	Warmers

	P1/25
	
	105mm
L118
	FD L31 Inert
	L36A3 Super
	Sand/Water
	1000
	Program

	S1/3
	
	105mm
L118
	FD L31 Inert
	L36A3 Super
	Sand/Water
	1000
	Spares.



3.7. [bookmark: _Toc484887033]Personnel safety

3.7.1. All Personnel involved in the activity will be required to remain undercover in designated buildings during the firing of the weapon system. 
3.7.2. All Personnel to be briefed in accordance with the hazardous activity briefing plan, and are to have read and signed the related risk assessments.


3.8. [bookmark: _Toc484887034]Trials program

3.8.1. Battery to be used:

3.8.2. Quebec – Bedplate 5



3.9. [bookmark: _Toc484887035] Expected timings 

	Trials Preparation
	Delivery
	Trials Post Preparation
	Program Slip/Additional hours

	8 hours
	8 hours
	8 hours
	8 hours




3.10. [bookmark: _Toc484887036]Trials equipment

3.10.1. Explosive Stores

	Ammunition
	Quantity 
	Remarks
	Hazard Type

	105mm FD L31 Inert fitted with PRF
	30
	2 Warmers, 3 Spare, 25 Program
	4 (No Risk)

	L36A3 Charge Super
	30
	2 Warmers, 3 Spare, 25 Program
	3 (Thermal)



3.10.2. Ammunition Preparation
3.10.2.1. All munitions to be checked for damage prior to conditioning, discrepancies to be noted and reported to the Trials Manager.
3.10.2.2. All munitions to be marked with their personal serial I.D. Lot numbers are to be checked against the issuing voucher provided by ammunition.


3.10.3. Magazines 
3.10.3.1. Shell and Charge to be conditioned at +21 ± 2ºc for a minimum period of 24 hours.


3.10.4. Barrel Stores
3.10.4.1. Gun- L118 light gun
3.10.4.2. Barrel Number- As available.
3.10.4.3. Barrel Wear- Barrel must be within the first quarter of life cycle. COR Measurements to be taken prior to firing activity and any subsequent morning before firing.
3.10.4.4. Stand- QinetiQ L118 range mount.  

3.10.5. Fit to Fire Certificate
3.10.5.1. Fit to fire approval is to be recorded on the ordnance preparation record. A copy is to be provided to the trials manager before firing commences. Gun must be deemed to safe to fire by a trained and competent member of staff.

3.11. [bookmark: _Toc484887037]Facility Requirements

3.11.1. Instrumentation
3.11.1.1. See trials model.
3.11.2. Survey
3.11.2.1. Gun to be surveyed onto the correct line of fire.
3.11.2.1. PCC sensor locations to be recorded.
3.11.2.2. Doppler radar locations recorded.
3.11.2.3. Splinter proof locations recorded.

3.11.3. Observations and records

	Requirement
	Remarks

	Date and time of firings
	

	Meteorological  conditions
	

	Chamber pressures
	

	Muzzle velocity measurements
	 ()

	Barrel wear at COF 
	Before and after firing

	Quadrant elevation and line of fire
	

	Depth of Ram
	

	Projectile mass
	

	Charge mass
	

	Projectile Lot number
	

	Charge Lot number
	




3.12. [bookmark: _Toc484887038]Resource Requirements

3.12.1. Staffing Requirements (Preparation)

	Role
	Requirement
	Remarks

	Range Foreman
	1
	Slinger/Banksman

	Gun Foreman
	1
	L118 Setup

	Range Technicians
	2
	Slinger/Banksman
Telehandler Driver

	Instrumentation Officer
	1
	Oversee instrumentation setup

	Instrumentation Technicians
	2
	Setup equipment

	Lorry/Hiab operator
	1
	Gun Delivery

	Gun Fitter
	1
	Secure Weapon

	Ammo Worker
	1
	Load Chambers




3.12.2. Staffing Requirements (Delivery)

	Role
	Requirement
	Remarks

	Trials Manager
	1 
	Dynamics

	Range Foreman
	1
	Dynamics

	Gun Foreman
	1
	Large Calibre Specialist 

	Gun Crew (Range Technicians)
	2
	Experienced and competent  

	Instrumentation Officer
	1
	Technical Expert to oversee data collection
Genesis Operator 

	Instrumentation Technician ( Photography)
	1
	High Speed Specialist

	Instrumentation Technician (Radar)
	1
	Radar Specialist

	Instrumentation Technician (PCC)
	1
	Sky Screen Specialist

	Gun fitter
	1
	Weapon maintenance/ measurements 




3.12.3. Staffing Requirements (Post Preparation)

	Role
	Requirement
	Remarks

	Range Foreman
	1
	Slinger/Banksman

	Range Technicians
	2
	Slinger/Banksman
Telehandler Driver

	Instrumentation Officer
	1
	Oversee instrumentation removal

	Instrumentation Technicians
	2
	Remove Equipment

	Lorry/Hiab operator
	1
	Gun Removal

	Gun Fitter
	1
	Secure Weapon




3.13. [bookmark: _Toc484887039] Transport Requirements

	Vehicle
	Custodian
	Role
	Time Required (hours)
	Remarks

	Crane/Hiab
	Transport
	Gun movement
	2 Prep/ 2 Post prep
	Capacity of 10 tons

	Light goods wagon
	Ammo
	Munition Delivery
	2 Prep/ 2 Post Prep
	 ADR approved

	Van (car chassis)
	Ammo
	Battery transport
	Delivery duration
	ADR approved

	Van
	Instrumentation
	Personnel and equipment movement
	Total trial duration
	4 seater minimum

	Half crew transit
	Trials team
	Personnel and equipment movement
	Total trial duration
	

	Car/Van
	Trials Manager
	Personnel movement
	2 Prep/ 2 Post prep/ Delivery duration
	Inspections



3.14. [bookmark: _Toc484887040]Munition Movements

3.14.1. All ammunition movements to be carried out by trained personnel with at least a Ramora level 2, or equivalent in explosive operation. 

3.14.2. All vehicles used in the transport of ammunition must be assessed and deemed suitable for the activity.

3.14.3. All munitions when removed from conditioning prior to firing are to be stored in insulating bags to prevent wild temperature variance. 


3.15. [bookmark: _Toc484887041]Range Safety

3.15.1. Weapon danger area
3.15.1.1. The safety trace has been constructed using the information found in the firing tables: 

                            
	                                                       STANDARD FIRING TABLES 

	                                                       for 

	                                                       Gun, 105 MM, FD, L19, L118 

	                                                       Firing 

	                                                       Projectiles, 
	HE, L31 

	                                                                                     SMOKE (BE) L52 

	                                                                                     ILLUMINATING, L43A4 

	                                                      Fuzed 
	L166, L163 

	                                                      Charges                                               
	L35 and L36 

	                                                      Including projectile fitted with Spoiler ring L1 

	                                                                                           2013 














SENSITIVE- PAGE REMOVED









[image: ]
3.15.2. Misfire/Failure to fire

3.15.4.1. Misfire drills are to be conducted in accordance with SAF/W158/MS, all misfires have a 30 minute wait time during which all personnel are to remain under cover.   

3.15.3. Medical and Fire Cover

3.15.5.1. At least one first aider must be present during the delivery of the activity to provide emergency response in the event of an incident. Trauma trained personnel will be available through range control on the emergency number 2222. 
3.15.5.2. Immediate fire cover is not required for this activity however the site based fire services will be informed of the trials activity and made available to respond in the event of an incident.


3.16. [bookmark: _Toc484887042]Trial Setup and 3d Designs

Due to the security implications of constructing a 3D model of the L118 light gun and the requirement of presenting these models in additional university documentation and presentations the author has replaced this system with a proof mount of his own design. 

Fig 1: Ground Plot 1
[image: ]

Fig 2: Ground Plot 2[image: ]


Fig 3: Ground Plot 3

[image: ]

Fig 4: Bedplate 6b Quebec Battery

[image: ]



Fig 5: Bedplate 6b Design Specifications

[image: ]

Fig6: 6ft Pendine Block Design
[image: ]




Fig 7: Phantom Camera Design
[image: ]

Fig 8: Doppler Radar Design
[image: ]



Fig 9: Sky Screen Design
[image: ]


Fig 10: Splinter Proof, Design
[image: ]


Fig 11: Splinter Proof Guards
[image: ]


Fig 12: Splinter Proof Viewing Aperture
[image: ]

 

Fig 13: Splinter Proof Design Complete
[image: ]


Fig 14: Phantom Viewing
[image: ]


Fig 15: Breech Block Design
[image: ]

Fig 16: 105mm Barrel Design
[image: ]


Fig 17: 105mm Proof Mount with Barrel and Block
[image: ]


Fig 18: Trials Design 3D Over-lay View 1

[image: ]











Fig 19: Trials Design 3D Over-lay View 2
[image: ]


Fig 20: Trials Design 3D Over-lay View 3
[image: ]



Fig 21: Trials Design 3D Over-lay View 4
[image: ]



Fig 22: Trials Design 3D Over-lay View 5
[image: ]



Fig 23: Trials Design 3D Over-lay View 6
[image: ]

Fig 24: Trials Design 3D Overlay View 7
[image: ]



Fig 25: Detail Shot 1
[image: ]


Fig 26: Detail Shot 2
[image: ]



Fig 27: Detail Shot 3
[image: ]


Fig 28: Detail Shot 4
[image: ]


4. [bookmark: _Toc484887043]Integration of ‘CAD’ as a Tool for Trials Delivery

Designing the setup of trials activities in the manner shown above in the author’s opinion is a small but necessary step in the modernisation of test range delivery, a field that has shown it is slow in its ability to modernise with the rapidly changing culture within the defence industry.
 Due to the modular nature in which 3D virtual assets are constructed, in the software pack ‘Solid Works’ it is possible to endlessly vary a trial setup before ever beginning physical work if the modelling is sufficiently detailed.  Through clear visual interpretation it is of the author’s opinion that potential problems related to data capture and safety can be better explored through the planning of work, using in QinetiQ’s case the hazardous activity management process before a trial reaches the point of delivery. Last minute changes made at ground level due to previously unforeseen issues could be better prevented.
 Potentially this application of CAD could also be used to improve customer relations and understanding at bid level for trials, to present test range capability in a visual and interactive way. While not quite tactile in nature presenting services through a modern digital medium demonstrates a more agile modern business.
Like all forms of change there is of course an associated cost attached to this process as it would require the slow construction of a digital library of physical assets, this initial period of development being the most costly in terms of man-hours and associated fiscal outlay. At local levels it may be necessary to upskill the work force to operate engineering software effectively.
 
5. [bookmark: _Toc484887044]Hazardous Activity Management (HAM)

Hazardous activity management is a procedural process which applies if the expected level of risk of an activity is deemed credible of causing major injury or death. The activity must also conform to at least one of seven of the following criteria
· Research based with an uncertain outcome that may be both potentially damaging to reputation or goods
· Require use of high energy systems such as high voltage electrics, pressure vessels, explosives or cryogenics.
· Involve radiation both ionising and non-ionising.
· Involve high risk substances such as carcinogens and mutagens.
· None standard use of equipment/platforms.
· Use of Un-manned vehicles.
· Deployment of personnel or assets to unfamiliar/non territorial locations. 



5.1. [bookmark: _Toc484887045]Why Risk Assess?

Risk Assessment is a preventative tool that directly focuses on safety and error mitigation. The emphasis is to conduct an in depth analysis of  and activity from a analytical point of view to see what could go wrong before the adverse event occurs. Mitigation measures are introduced to reduce either the likelihood or severity of an incident.  
A Risk Assessment is only as effective as the team that wrote it; knowledge, collaboration and facilitation are all important factors governing system control. Risk assessment directs focus towards the physical, financial or legislative consequences of an incident.
For an activity of this nature post event analysis techniques introduced as part of systems engineering tools Six Sigma-DMAIC while useful indicates a fundamental failure of process and procedure that could potentially result in loss of life. This is entirely unacceptable, redirecting additional focus to prospective system design when in a safety critical environment.


5.2. [bookmark: _Toc484887046]Risk Management- As Low As Reasonably Practicable (ALARP)

Risk is an unavoidable part of daily life that is not exclusive to the test range environment. Since avoidance isn’t usually a viable option, mitigation and management become necessary in order to prevent harm, legal tort or equipment damage.  In this instance the stated testing in an uncontrolled environment that has not undergone some form of systems engineering would present a significant likely hood of injury and death to all parties involved.
The likelihood and severity of any potential hazard should always be mitigated to ‘As Low As Reasonably Practicable’ otherwise known as ALARP. It is critically important to robustly identify probable hazards with a team of competent personnel and review from a multitude of points of view.
When managing hazards, QinetiQ defer to the principles taught by the Institute of Occupational Safety and Health:
1. Eliminate the Hazard- By far the most effective method of risk management however lacking practicality. For purposes of this exercise the only way to truly remove all related risk would be not to deliver the activity. Even the complete automation of the trials process through robotics, (excluding development costs, which would far exceed the budget of an activity of this nature.) would fail to eliminate all associated risk. Human life may be protected but at a completely unacceptable risk to reward ratio.

2. Reduce the Hazard- An example of reducing the hazard for a trial of this nature would be to better control gun barrel failure characteristics if a related incident should occur during the conduct of the test. This could be done by a change of ammunition nature. For example it would be unnecessary to fire a high explosive projectile for the purposes of gather data on muzzle velocity when a proof round is a suitable alternative.

3. Prevent contact with the hazard- The introduction of physical safe guards to protect personnel and equipment, in a trials environment this would consist of protected building constructed to standards of protection from fragmentation of known kinetic energy density and blast up to a known pressure 

4. Introduction of safe systems of work- The quintessential process of systems engineering introducing control measures and procedures. Driven from legislative (JSP 403) and corporate policy (Operating framework) for a trial of this nature the first step in this would be the Hazardous Activity Management process (HAM). An activity such as the one within this report would typically only undergo a level one review as the risks involved are generic for a business in our field. If a trial is unique it may require an additional safety review by the Hazardous Activity Scrutiny Panel (HASP).
Trials delivery documentation is a requirement of the HAM process, for any activity to take place in a test range environment the following work must me complete:

· Trials Conduct Document
· Safety Brief
· Hazardous activity risk assessment (HARA)
· Safety Trace/ Fault Tree Analysis
· Inst Detail
· Peer review (HASP)
· Trials Certificate
 
5. Personal Protective Equipment (PPE)- PPE should always be the last resort using the hierarchy of risk control, It is always a trade-off between  ‘Cost, Protection and Practicality’
                    Trials Design: Comparative Study of Muzzle Velocity Measurement Techniques  
Trials Design: Comparative Study of Muzzle Velocity Measurement Techniques  
The test range environment requires the use of the extensive PPE due to the nature of the work, for example anti-static and flame retardant overalls being a requirement for any personnel involved in an explosive activity. This control measure attempts to both mitigate likelihood and consequence.
T J Clayton                            								                                                                                            											
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T J Clayton
	5.3. Hazardous Activity Risk Assessment

	Activity Title :
	Comparative Study of Muzzle Velocity Measurement (L118 Light Gun, 105mm FD L31 Inert, Cartridge Propelling 105mm FD Super L36 A3)
	Assessment No:
	TRE 001

	Location :
	Shoeburyness
	Assessment Date:
	01/06/17

	Assessment Team :
	Thomas Clayton, Harry McAuliffe, I Marrs 
	Lead Assessor : 
	Thomas Clayton


	
	C
	Cr
	Se
	M
	N
	LIKELIHOOD
	SEVERITY

	F
	VH
	VH
	H
	M
	L
	Frequent
	Not surprised, will occur several times
	Catastrophic
	Multiple fatalities and/or 3rd party fatality or severe widespread environmental damage

	P
	VH
	VH
	H
	M
	L
	Probable
	Occurs repeatedly / an incident to be expected
	Critical
	Single fatality and/or multiple severe injuries and/or 3rd party severe injuries, occupational illness or environmental impact

	O
	H
	H
	M
	L
	T
	Occasional
	Infrequent, but could occur sometime
	Serious
	Single severe injury or occupational illness and/or multiple minor injuries or minor occupational illness and/or 3rd party minor injuries

	R
	M
	M
	L
	T
	T
	Remote
	Unlikely though conceivable 
	Minor
	Minor injury / short term absence and/or 3rd party trivial injury

	I
	L
	L
	T
	T
	T
	Improbable
	Could happen but probably never will
	Negligible
	Trivial injury (First aid only) / environmental damage to plants


	
	RISK RATING 

	VERY HIGH
	Work shall not proceed or facility shall not be used

	HIGH
	Reduce risk through additional controls. Permit to Work may be required in addition to Safe Method of Work;  competency levels appropriate and documented

	MEDIUM
	Reduce risk through additional controls if practicable, if not, add to the Safe Method of Work the levels of competency should be appropriate competency should be appropriate

	LOW
	This work which may be of a routine nature will require a Safe Method of Work

	TRIVIAL
	Additional controls required only if the benefits justify the effort


	Task Description (1) : Ammunition Movements

	No.
	Hazard
	Who might be
harmed & how
	Initial Risk
	Control Measures
	Residual Risk

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	1
	Movement of ammunition, loading/unloading into magazines on battery.
This resulting in the unintended initiation of the primer/propellant nature. 

Propellant is Hazard Type 3.
This is a low explosive which has a fire hazard and a minor blast hazard

Projectile is Hazard Type 4.
No significant Risk
Contains no explosive properties

	Two staff members unloading the munitions, potentially personnel in the localised vicinity (10metres).
Resultant blast/flame has the potential to cause death from thermal effects.
	R
	C
	M
	Ammunition is only to be moved from the magazine designated routes and walkways.
ADR approved vehicles only will be used for transport, these will be diesel powered and travel at reduced speed.
Only the ammunition required for the activity is to be carried and stored.
Anti-Static gloves to EN388 must be worn to protect the worker and prevent the initiation of the Charge primer during handling due to electrostatic discharge.
 Charge cruciform must not be removed during loading or unloading
Flame retardant anti-static overalls to EN ISO L1612 to be worn.
All personnel not involved in the task are under cover during operation
Contraband rules to IAW SAF/W144/QQ are to be applied
	I
	C
	L


	Part 2 : Activity Specific Tasks



	Task Description (2) : Loading and Operational use of the L118 Light Gun

	No.
	Hazard
	Who might be
harmed & how
	Initial Risk
	Control Measures
	Residual Risk

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	1
	Loading of the L118 Light Gun, resulting in unintended initiation of the propellant nature or primer, pre or post loading.

Propellant is Hazard Type 3.
This is a low explosive which has a fire hazard and a minor blast hazard

Projectile is Hazard Type 4.
No significant Risk
Contains no explosive properties

	1 Trials Manager
1 Gun Foreman
2 Gun Crew
3 Visitors  (Potentially)


 Resultant blast/flame has the potential of death from thermal effects.
	R
	C
	M
	Ammunition is only to be provided to the Gun under the direct authorisation of the Trials Manager.
Ammunition will only be delivered to the weapon for the current cycle of the firing process (1 Projectile+ Charge), no unnecessary munitions to be present at the gun.
Gun crew will undergo formalised training and must be deemed competent by a responsible body (TSM/HOS).
Ammunition has previously undergone drop tests before entering service.
All Firing boxes to be electrically tested prior to use.
Ammunition is to be loaded at a comfortable rate; at no time will the gun crew be pressured.
Ammunition deliveries will follow predetermined walk ways which are physically close to the L118.
Gun crew to rotate roles to prevent fatigue. 
Charge case cruciform is not to be removed until the munition is situated in the breech.
	I
	C
	L

	1.
	Continued……
Loading of the L118 Light Gun, resulting in unintended initiation of the propellant nature or primer, pre or post loading.

Propellant is Hazard Type 3.
This is a low explosive which has a fire hazard and a minor blast hazard

Projectile is Hazard Type 4.
No significant Risk
Contains no explosive properties

	
	R
	C
	M
	PPE Requirements:
· Flame Retardant antistatic overalls to EN ISO 11612
· Antistatic Gloves to En388
· High ankle steel toe capped boots to EN ISO 20345
· Ear Defenders toEn352
	I
	C
	L





	Task Description (2) : Loading and Operational use of the L118 Light Gun  

	No.
	Hazard
	Who might be
harmed & how
	Initial Risk
	Control Measures
	Residual Risk

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	2
	On intended firing of the weapon system personnel may be exposed to blast overpressure, noise and potentially fragmentation if a component of the light gun were to fail catastrophically.
Propellant is Hazard Type 3.
This is a low explosive which has a fire hazard and a minor blast hazard

Projectile is Hazard Type 4.
No significant Risk
Contains no explosive properties



	1 Trials Manager
1 Gun Foreman
2 Gun Crew
Noise levels will be in access of 140Db resulting in Hearing Damage
Resulting Fragmentation could cause multiple fatalities.
 Debris may be thrown by blast effects.
	R
	Cr
	M
	All firings are to be conducted under precautions as defined by the local range procedures.
All personnel to be undercover in designated protected buildings:  T7, T8, T38 and T39.
The L118 is only to be loaded under the direct instruction of the Trials Manger.
Ear Defenders toEn352 to be worn during firing, Range foreman to provide an audible warning in the form of a countdown prior to firing.
Any personnel or visitors who lack the required PPE will be removed from battery.
Ear protection will be provided to visitors though supplies are limited.

	I
	S
	T



	Task Description (2) : Loading and Operational use of the L118 Light Gun  

	No.
	Hazard
	Who might be
harmed & how
	Initial Risk
	Control Measures
	Residual Risk

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	3
	Safety Trace compromised by the incursion of unauthorised personnel transported via automobile, ship or aircraft.  



	Unauthorised Personnel/Public
Multiple fatalities resulting from projectile impact.
	O
	Cr
	H
	Local MOD land closed in accordance with the applied safety trace and artillery range byelaws 1935.
Byelaws displayed visibly at all potential access points for the public at range boundaries
Range foreman to ensure enforcement of the safety trace through the inspection and securing of the predefined area, with the support of range control and closure of barriers in accordance with range procedures.
Sea surveillance radar to overlay the safety trace with their systems to monitor the area and provide prior warning of any incursion by sea. Check fire will be given at this point.
Look out batteries are to be manned to monitor the local surroundings.
Weapon Safety trace has had prior approval from the TSM.
Permissions are to be sought from range control prior to firing to ensure the implementation of the following tasks.
Local air restrictions are enforced through the use of a NOTAM.

	I
	S
	T

	3
	Continued……
Safety Trace compromised by the incursion of unauthorised personnel transported via automobile, ship or aircraft
	
	O
	Cr
	H
	Prior warning of incursion by air to be provided by the local air management system using an independent safety management structure.
Battery staff to maintain awareness and monitor surrounding airspace throughout firing. Check fire will be given in the event of a suspected incursion.
The Gun foreman will conduct the final local awareness check before retiring undercover prior to firing.
	I
	S
	T





	Task Description (2) : Loading and Operational use of the L118 Light Gun  

	No.
	Hazard
	Who might be
harmed & how
	Initial Risk
	Control Measures
	Residual Risk

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	4
	On intended firing of the weapon system the safety trace is compromised by the projectile.
This is a result of either incorrect ‘laying’, gun movement and/or mechanical failure.



	General Public.
Multiple fatalities resulting from projectile impact.
	R
	Cr
	M
	The L118 is laid for line by the use of an instrumented surveyor providing a physical bearing to aim on.
Correct elevation is secured through the use of a gunner’s quadrant or clinometer.
Bearings are checked prior to firing by the trials manager through the use of compass and back bearing.  
Line and elevation are to be checked by the gun foreman prior to the firing of any round.
Gun foreman to  be deemed competent by a suitably qualified member of staff (TSM/HOS)
 L118 is secured to the bed plate in accordance with SHB/Risk/077
L118 position is marked and checked for movement prior to the firing of every round.

	I
	C
	L





	Task Description (3) : Pre and Post Firing Maintenance  

	No.
	Hazard
	Who might be
harmed & how
	Initial Risk
	Control Measures
	Residual Risk

	
	
	
	L   x   S   =   R
	
	L   x   S   =   R

	1
	Chemical contamination of personnel or the local environment due to spillage of oils, grease and hydraulics 



	1 Gun foreman
2 Gun Crew
Chemical contamination of personnel resulting in serious injury or death if exposure remains unmonitored over an extended period time (Years).
	R
	C
	M
	Regular Health assessments of all personnel conducted by an independent party.
COSSH regulations to be applied to the storage and use of contaminates.
Disposable nitrile gloves to EN42O, EN374-2, EN374-3, EN455, will be worn at all times when handling hazardous substances.

In the event of spillage the local area will be quarantined and spill kit used to decontaminate the area.
	I
	S
	T






	Part 3 : General Tasks

	Task Description
	Document Name(s)
	Document Reference(s)

	Trials and Proof Firing
	OME Trials Activities and Proof Firing
	SAF/C114lQQ

	Work instructions
	HASP Operations and Work Instruction
	SAF/WOOUQQ

	Access and Contraband on Batteries
	OME Contraband and Access Control
	SAF/W144lQQ

	Local work and firing instructions
	Shoeburyness Range Standing Orders
	SAF/C086/Ms

	Battery Ammo instructions
	General Risk Assessment for Ammunition Staff
	 SHB/RISK/097

	Dynamic Trials Instrumentation
	Observation of Dynamic Trials
	SHB/RISK/107

	Weapon Securing
	Securing and Removing Gun Mounts to Bedplates on Battery
	                SHB/RISK/077

	Weapon Securing
	Bolting Down Gun Mountings to Bedplates
	                 ENG/P039/MS

	Visitor Control
	Visitors to Battery
	SHB/RISK/098

	Failure to Fire of the L118
	Failure to Fire-Misfire (Dynamics)
	SAF/W1s8/MS

	
	
	

	
	
	

	
	
	

	
	
	




6. [bookmark: _Toc484887047]Trial Costings and Project Plan

6.1. Pricing for this activity have presumed this to be a Non-LTPA (The Long Term Partnering Agreement is a commercial contract between the MOD and QinetiQ) customer and therefore all associated costs are to be considered commercially sensitive.
6.2. Costings for project management and trials planning have been excluded from this enterprise due to the nature of this report. 

6.3.  Facility Fixed Costs
	Facility Costs
	
	
	
	

	Item
	Units
	Days
	Cost
	Total Cost

	Conditioning Chamber
	1
	4
	£724.40
	£2,897.60

	Instrumentation Systems
	3
	4
	£423.70
	£5,084.40

	Coppers (Pressure Gauges)
	90
	1
	£27.24
	£2,451.60

	Ammo Receipt
	1
	1
	£811.80
	£811.80

	Range Preparation
	1
	2
	£1,593
	£3,186.08

	Range Delivery
	1
	2
	£5,112
	£10,224.00

	Firing Boxes
	2
	4
	£88.75
	£710.00

	
	
	
	
	

	
	
	
	Total Cost
	£25,365.48



6.4. Trials Preparation Costs
	
	Staff Costings
	
	
	
	

	Roles
	Personnel Grade
	Number of Staff
	Time on Task (hours)
	Cost Per Hour
	Total Costs

	Range Technician
	4
	2
	8
	£37.93
	£606.88

	Ammo Technician
	4
	1
	1
	£37.93
	£37.93

	Hiab Operator
	5
	1
	6
	£37.93
	£227.58

	Gun Foreman
	7
	1
	8
	£37.93
	£303.44

	Electrician
	8
	1
	1
	£37.93
	£37.93

	Gun Fitter
	8
	1
	1.5
	£37.93
	£56.90

	Instrumentation Technicians
	8
	2
	8
	£37.93
	£606.88

	Range Foreman
	9
	1
	8
	£37.93
	£303.44

	Instrumentation Officer
	10
	1
	7
	£52.14
	£364.98

	Trials Manager
	12
	0
	0
	£74.33
	£0.00

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	Total Staff Costs
	£2,545.96



6.5. Trials Delivery Costs

	
	Staff Costings
	
	
	
	

	Roles
	Personnel Grade
	Number of Staff
	Time on Task (hours)
	Cost Per Hour
	Total Costs

	Range Technician
	4
	2
	8
	£37.93
	£606.88

	Ammo Technician
	4
	0
	0
	£37.93
	£0.00

	Hiab Operator
	5
	0
	0
	£37.93
	£0.00

	Gun Foreman
	7
	1
	8
	£37.93
	£303.44

	Electrician
	8
	0
	0
	£37.93
	£0.00

	Instrumentation Technicians/ Gun Fitter
	8
	4
	8
	£37.93
	£1,213.76

	Range Foreman
	9
	1
	8
	£37.93
	£303.44

	Instrumentation Officer
	10
	1
	8
	£52.14
	£417.12

	Trials Manager
	12
	1
	8
	£74.33
	£594.64

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	Total Staff Costs
	£3,439.28



6.6. Trials Post Preparation Costs

	
	Staff Costings
	
	
	
	

	Roles
	Personnel Grade
	Number of Staff
	Time on Task (hours)
	Cost Per Hour
	Total Costs

	Range Technician
	4
	2
	8
	£37.93
	£606.88

	Ammo Technician
	4
	1
	1
	£37.93
	£37.93

	Hiab Operator
	5
	1
	6
	£37.93
	£227.58

	Gun Foreman
	7
	1
	8
	£37.93
	£303.44

	Electrician
	8
	1
	1
	£37.93
	£37.93

	Gun Fitter
	8
	1
	1.5
	£37.93
	£56.90

	Instrumentation Technicians
	8
	2
	6
	£37.93
	£455.16

	Range Foreman
	9
	1
	8
	£37.93
	£303.44

	Instrumentation Officer
	10
	1
	7
	£52.14
	£364.98

	Trials Manager
	12
	0
	0
	£74.33
	£0.00

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	Total Staff Costs
	£2,394.24




6.7. Total Costings

	Preparation
	Delivery
	Closure
	Risk
	Facility
	Total (£)

	£2,545.96
	£3,439.28
	£2,394.24
	£3,439.28
	£25,365.48
	£37,184.24
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7. [bookmark: _Toc484887049]Preliminary Data 

Due to the cost, complexity, risk to reward ratio and the availability of range scheduling delivery of this activity was neither practicable nor possible.
Securing data more closely related to that presented in this report was again impossible due to securing commercial release from QinetiQ customers.
However shown below is sample data taken from MOD Eskmeals with the approval of site leadership.
[image: ] 
In this instance like my proposed activity, temperature has been regulated at +21°c to ensure that consistency is maintained throughout the firing cycles. It can clearly be seen that in the 2nd instance of firing that the first round of the period has a slight slower muzzle velocity on average of 4ms slower, than subsequent firings throughout the day, this in the author’s opinion is due to the following factors:
· Low Barrel Temperature
· Increased frictional resistance due to the oxidisation of previously fired propellant residue on the lands and troughs
· Metallic memory effect of the molecular structure of the barrel alloy has resulted in a slight contraction due to the previous days firings being at a lower charge mass.

Both firing instances show a method of mitigating these effects through the use of warmer rounds prior to the start of the main activity.

The instances of fluting throughout firing in both periods demonstrates potential quality issues with the batch of cartridge cases used, due to insufficient expansion against the chamber walls in certain locations. Due to the consistency of the velocities and internal pressures produced throughout the activity in both cases, it is unlikely to be due to erratic pressure loading during firing.

It is likely that the propellant used in both instances was of good quality and a homogenous mix.

Changes in the measured primer resistance could indicate again flaws brass alloy casing however this is inconclusive due to variable metrological conditions throughout the days.

The systematic error induced into the presented muzzle velocity measurements in the Weibel Sp-520-L has been calculated by the manufacture at ±0.12%. The error from the manufacturers data in the first firing was:
	
	Charge 4 first firing velocity: 492.7 +/- 0.59ms-1
	Charge 4 second firing velocity: 495.5+/- 0.6ms-1

As the errors in measurement of the Doppler radar system are much smaller than the actual differences in readings  the conclusion that the  possible causes of differences in the velocity readings are not due to systematic error in measurement technology.

It is in the author’s opinion the reason Doppler radar has been utilized instead of the additional instrumentation proposed in the writers trials design is as follows.

Optical Gates:

· Increased risk of pre-trigger and false readings due to the detection of unintended objects or animals i.e. birds flying overhead
· Issues relating to angular velocity
· Older technology resulting in higher systematic errors
· Longer setup time and additional cost
· More susceptible to atmospheric interference  (weather)

High speed camera:

· Risk of equipment damage due to blast overpressure
· Increased data processing time
· Longer setup and calibration period (additional firings may be required)
· Systematic errors induced externally of the equipment (operator/Ref board accuracy) 
·  Calibrated reference board required increasing setup time. (excluding reliance on pixel measurement techniques)
· Weather Dependant
8. [bookmark: _Toc484887050]Conclusions

· Muzzle velocities are governed by the design characteristics of the weapon system and must be balanced against a hierarchy of needs for the platform and munition nature.
· Muzzle velocity does not always determine the material damage at target impact.
· A high peak internal pressure does not always result in a high muzzle velocity; specific impulse is the most relevant factor.
· Transient ballistics is the most unstable and complex to model due to blast effects and projectile stability
· Kinetic energy density in long rod penetrators is the most important factor in determining target penetration and is a hydrodynamic impact.
· Metallic erosion is the primary factor governing barrel life.
· Integration of CAD as a tool to trials design has potential benefits across land ranges across QinetiQ however these must be balanced against training and security considerations.
· Trials delivery is expensive, the presented activity excludes project management, planning and report writing and yet costs nearly £40,000 for a 4 day activity.
· Safety and Assurance are legal obligations of the MOD and health and safety executive and require the construction of a safety management structure such as that demonstrated by QinetiQ in the hazardous activity management process.
· Risk Assessments are only as competent and complete as the team that have written them.
·  The systematic errors in Doppler radar measurements are small; the equipment is easy to set up and operate allowing for quick real time analysis of results and is now the preferred choice of muzzle velocity measurement.
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Trials Delivery Project Plan
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Trials Closure Project Plan
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