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Abstract
It has been seen that in flight, a projectile is subject to a range of forces that can influence its trajectory, velocity and therefore performance at the desired target.  Such forces include:
Gravity.
Drag.
Wind.
To compensate for these factors and in an effort to attain the ultimate in terms of performance, bullets have been designed to come in a range of shapes and sizes.  The assessment of how these perform has been carried out for a number of years with records of ballistic range tables dating back to the 19th Century.
Testing of ammunition in the past has involved the alteration of propellant fill within the bullet cartridge to simulate the effect the bullet would have at distance.  This has been proven to be ineffective as the performance of a projectile varies along its path of flight.  As such, the only effective way to assess bullet performance over distance is for it to be fired from the observed distance required for the test.  This has created a requirement to carry out a series of new tests with the weapons and ammunition currently in use throughout the UK 
In order to measure the velocity of a bullet, both as it is fired from a weapon and at the point at which it arrives at a target, there are a range of possible solutions available.
This document details some of the solutions on the market and whether or not they are suitable for not only the task of measuring the Muzzle Velocity (MV) but also the task of measuring target velocity.  An additional feature would be the mechanism to measure velocity at an observed distance.
It may be that one solution on its own is not appropriate?
The conclusions outlined will specify a documented summary of findings to present an ideal solution.  It should be noted that the easiest (and perhaps cheapest) solution would be to use equipment already at hand.  This document looks objectively at the problem and presents a recommended solution.
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	Abbreviation
	Explanation
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	Work at Height Regulations
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	Weapon Danger Area
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[bookmark: _Toc515622522]Aim
QinetiQ Pendine has an ongoing requirement to capture data pertaining to a wide range of bullet performance for a number of Small Arms Ammunition.  The aim of the QinetiQ trial is to obtain performance data (effectiveness) at increments of range up to 1200m for each type of ammunition.
Whilst there are many systems in place performing the task of obtaining this data capture requirement, these may not necessarily be the most appropriate solution.  The systems in place are most likely there due to one or more of the following reasons:
· Historic – this type of data has always been captured this way.
· Cost – cannot afford the most appropriate type of equipment.
· Availability – the equipment is already in stock.
· Health & Safety – there may be manual handling implications with frequent deployment of certain items of trials equipment.
The aim of this project is to objectively evaluate alternative methods of velocity measurement and (where appropriate) recommend alternatives to the approach currently in use at QinetiQ Pendine.  As such, the objectives of this project are to:
· Research the scientific theory behind velocity measurement.
· Demonstrate some of the available mechanisms for measuring velocity.
· Discuss the technical and where appropriate health & safety requirements for such mechanisms.
· Recommend the most appropriate solution for the task.
· Generate a document based on what results are needed and how this can be achieved with all work being conducted safely.
The rationale behind researching the most effective way of carrying out this process is to demonstrate that not only are there alternatives to how QinetiQ are currently doing things but to also highlight the advantages and disadvantages to a different approach.  In addition, the regular review of a process or procedure provides for continuous improvement.  Such exercises guarantee best value for the customer and as such, I hope to continue this line of investigation in future endeavours.

[bookmark: _Toc515622523]Main Context
The North Atlantic Treaty Organization (NATO) Manual of Proof and Inspection (MOPI) details the testing requirements for Small Arms ammunition.  This in itself adheres to the relevant “Standardization Agreement” (STANAG) for the appropriate type of Small Arms ammunition:
· 5.56mm [4].
· 9mm [5].
· 7.62mm [6].
· 12.7mm [7].
The MOPI discusses that velocity measuring equipment should be “capable of maintaining measurement errors of less than ± 1m/s”[footnoteRef:1] [1:  MULTI-CALIBRE MOPI FOR 5.56 MM, 7.62 MM, 9 MM AND 12.7 MM AMMUNITION.  Ref:  PFP(NAAG-LCG/1-SG/1)WP(2010)0002, dated 17th December 2010.] 

To assess the performance of these ammunition types, the following mandatory characteristics need to be recorded at this stage:
· Muzzle Velocity.
· Target Velocity.
· Meteorological Data for the date/time of firings.
The following optional requirements are to be captured are beyond the scope of this report but may be included in the Trials Document:
· Pitch & Yaw of the projectile in flight.
A high quality device with a low uncertainty of error margin is required for this activity.  The following considerations for the choice of the item are to be used:
· Cost – value for money.
· Durability – can the equipment be used outside and in inclement weather?
· Manual Handling – due to regular movement of the firing position/setup.[footnoteRef:2] [2:  Manual Handling Operations Regulations 1992 (MOHR):  http://www.hse.gov.uk/msd/backpain/employers/mhor.htm - accessed 10:35 on 26th April 2018] 

· Accuracy – requirement of a suitable uncertainty of measurement.
· Compatibility – can the results be exported into a recognisable format for use with a Word Processing package for reporting?

The following methods of recording the velocity of the bullet have been chosen for consideration.
1. Optical (Gun) Chronograph.
2. Ballistic Pendulum.
3. Light Gates.
4. Doppler Radar.
5. Laser.
6. PC Soundcard.
7. Velocity Analysis System - “VAS”.
8. High Speed Camera.
9. Pitot Tube.
[bookmark: _Ref496015821]QinetiQ Pendine, in order to achieve these results, often deploy more than one type of measuring equipment.  Typically there are 3 types of measuring equipment deployed for each firing:
•	HSDV.
•	Optical screens.
•	Doppler Radar.
This causes issues regarding:
•	Supply of equipment.
•	Transporting and setup of the equipment.
•	Having more than one operator using the equipment.
•	Delivering the customer data due to the different presentation formats offered by using different equipment.
The question here is whether the current trials methodology is the best or can the process be improved?

[bookmark: _Ref514487009][bookmark: _Ref514487030][bookmark: _Toc515622524]What is Velocity Measurement?
In terms of the physics regarding measuring velocity, it can be said that speed is directly proportional to distance provided that time is a constant.  Therefore, if the distance between two points is known, then it is possible to use the following equation to calculate velocity:

Where, D = Distance, T = Time, V = Velocity.
[bookmark: _Toc508357898][bookmark: _Toc508364532][bookmark: _Toc509654525][bookmark: _Toc515543124][bookmark: _Toc515622525]What is Muzzle Velocity?
“The velocity of the bullet when it leaves the barrel is called the muzzle velocity, and can vary tremendously.”[footnoteRef:3] [3:  What is the velocity of a bullet when it is fired?  Answered 5th March 2015 by Chris Everett.  https://www.quora.com/What-is-the-velocity-of-a-bullet-when-it-is-fired - accessed 10:00 on 18th November 2017.] 

As muzzle velocity is the measurement of the bullet as it leaves the weapon, whatever system is chosen for the trial requirement, it will have to have a point of reference at the target point.  This in terms of measurement could be referred to as “Distance 1” with either the target point or another reference point at a known distance being referred to as “Distance 2” to give us “D” in the above equation.
So why is muzzle velocity important?  The following image demonstrates the effect that muzzle velocity can have on the bullet as it travels over distance:[footnoteRef:4] [4:  How much does Velocity Matter?  http://precisionrifleblog.com/2015/04/28/how-much-does-muzzle-velocity-matter/ - accessed 09:30 on 18th November 2017.] 

[image: http://2poqx8tjzgi65olp24je4x4n.wpengine.netdna-cdn.com/wp-content/uploads/2015/04/impact-of-higher-muzzle-velocity-on-hit-percentage1.png]

From the image, it can be seen that an increase in muzzle velocity provides an increase in target accuracy or “grouping”.  With this in mind, it can be said that a weapon/bullet combination with a slower muzzle velocity should be fired at a closer distance to the target than a combination with a faster muzzle velocity.  This fact will play an important role when designing the trial in terms of firing and assessing the performance of the bullets.


[bookmark: _Ref495997677][bookmark: _Toc515622526]Uncertainty of Measurement
This is based on an International Agreement which follows the guidelines of the International Organization for Standardization (ISO) Guide to the Expression of Uncertainty of Measurement.
[bookmark: _Toc508357900][bookmark: _Toc508364534][bookmark: _Toc509654527][bookmark: _Toc515543126][bookmark: _Toc515622527]Type A
If an uncertainty of a series of measurements or observations is required then this is referred to as a “Type A” evaluation.

[image: ]
Essentially for a “Type A” uncertainty, you carry out a series of measurements (for example water temperature).  You then calculate the Standard Deviation for these results and divide this SD but the square root of the number of results obtained.
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In summary, “Type B” evaluation relies on all components involved in the process - for example the height of a flagpole can be derived from the distance you are away from its base and measuring the angle obtained when observing the height of the flagpole.  You would then corporate the uncertainty of each measuring device plus environmental factors such as repeatability & the variability in the staff carrying out the procedure.
[image: ]


[bookmark: _Toc515622529]Expected Outcome
The result of this investigation will be a Trials Conduct Document detailing the use of the chosen equipment based on what results are needed and how data capture can be achieved with all work being conducted safely.
The final solution will be presented in the Trials Conduct Document which will encompass the findings of the technical research as described above to provide an appropriate solution to the customer requirement.  Further consideration at this point will be given to any standards that may have to be adhered to in order to make the testing compliant with any industry (for example, Ministry of Defence) standards that may be in place.


[bookmark: _Toc515622530]Research and Review of Literature
[bookmark: _Toc515622531]Optical (Gun) Chronograph:
Optical chronographs are comprised of two photo-electric cells (or sensors) positioned at a known distance apart.  As the projectile passes over the first sensor, an internal clock is started which will then stop as the projectile passes over the second sensor.
Internal software calculates the projectile velocity based on distance/time.[footnoteRef:5] [5:  See “6.3 - What is Velocity Measurement?” for how this calculation can be derived.] 

There are many examples of optical chronograph on the market and these are readily available to the end user at a range of costs.[footnoteRef:6] [6:  Reloader Addict – Guns and Hunting Galore:  http://www.reloaderaddict.com/best-chronograph-for-the-money-ballistics-shooting-reviews/ - accessed 09:00 on 17th October 2017.] 

In terms of accuracy, the alignment of the two photo-electric cells in conjunction with the flight of the projectile is important.  Should the projectile fly at an angle over the cells then this will have an effect on the accuracy of the velocity reading.  In order to achieve a greater level of accuracy, the photo-electric cells can be substituted with a laser beam sending an optical pulse to a data receiver.[footnoteRef:7]  This mechanism has been quoted at providing an uncertainty of 0.1% of the bullet velocity aligning this with the specified technical requirements. [7:  Reference Ballistic Chronograph.  https://www.nist.gov/laboratories/tools-instruments/reference-ballistic-chronograph - accessed 09:00 on 9th December 2017.] 

Natural and artificial light shining onto the device will also cause issues.  The amount and quality of light shining onto each cell needs to be the same.  Having one cell in the shade for example could cause a failure in terms of detecting the projectile.  Too much light can cause the system to “self-trigger” or in other words to obtain a false detection of a projectile.  This self-triggering is also a known issue with inclement weather and heavy rainfall.
It is possible to add protection from the elements but testing would be needed to ensure that correct detection and measurement is possible through a range of light and weather conditions.  This could then hinder the trial process should issues arise.[footnoteRef:8] [8:  Chronographs (Without Tears) by David Moore, Pilkington Corporation, dated:  2017.  http://www.pilkguns.com/chrony-shtml/ - accessed 14:30 on 17th October 2017] 



[bookmark: _Toc508357616][bookmark: _Toc508357905][bookmark: _Toc508364539][bookmark: _Toc509654532][bookmark: _Toc515543131][bookmark: _Toc515622532]Summary of findings
· Cost.
· Can vary from a few pounds to a few hundred.
· Durability.
· Weather can have an effect on the performance of this device.
· Manual Handling.
· Very light weight and portable.
· Accuracy.
· Quoted at 0.1%
· Compatibility.
· Output is displayed on a digital screen located on the device itself.  Some devices have the facility to output to a printer adapted to the device itself or to a tablet/mobile phone – so in theory this could be imported into a suitable report format.


[bookmark: _Toc515622533]Ballistic Pendulum:
Although the name implies a form of ballistic device suspended like a pendulum, the device itself differs in its actual design.
Invented in 1742 by Benjamin Robbins this is perhaps the oldest method for measuring the velocity of a bullet.
The system works by hanging an item of known mass from a pendulum.  A bullet is then fired at the hanging item and the height that this then swings to can be used in addition to the other variables to calculate the velocity of the bullet at that point.
[image: Image result for BALLISTIC PENDULUM][footnoteRef:9] [9:  Ballistic Pendulum.  http://hyperphysics.phy-astr.gsu.edu/hbase/balpen.html - accessed 11:00 on 18th November 2017.] 

As shown in the diagram, the bullet velocity is derived from the law of conservation of mechanical energy:

Where, m = Mass of Bullet, M = Mass of Pendulum, h = Maximum height reached by the Pendulum, v = Velocity of the bullet, V = Velocity of the Pendulum, g = Gravity.
Following on from this, using the law of conservation of momentum:




The velocity of the bullet can be derived as:


While historically this has provided an accurate methodology for ascertaining the velocity of a bullet, a Type B uncertainty of measurement[footnoteRef:10] would have to be calculated for the entire process including those listed below as they could all have an effect on the accuracy of the recordings being made: [10:  See section 6.4 - Uncertainty of Measurement] 

· Length of pendulum - Swing height.
· Distance of weapon.
· Density of material used within the pendulum.
It can be concluded that this may not be an appropriate solution.  This is primarily because, this system will only provide velocity shown at a specific point as opposed to velocity at the muzzle, at the target and perhaps at an observed distance along the flight path of the bullet.
[bookmark: _Toc508357618][bookmark: _Toc508357907][bookmark: _Toc508364541][bookmark: _Toc509654534]

[bookmark: _Toc515543133][bookmark: _Toc515622534]Summary of findings
· Cost.
· Perhaps free as this could use existing materials to make the pendulum.  Not really commercially available.
· Durability.
· Potentially has to be replaced after each firing.  Would not be effective in high wind.
· Manual Handling.
· Potential working at height risk due to having to hang the pendulum.[footnoteRef:11] [11:  Work at Height Regulations 2005 (WAHR):  http://www.hse.gov.uk/pubns/indg401.pdf - accessed 10:30 on 26th April 2018] 

· Accuracy.
· This will have to be calculated.
· Compatibility.
· Formula for this calculation could be derived in an appropriate spreadsheet package and therefore suitable for reporting.

[bookmark: _Toc515622535]Light Gates:
	Light Gates work in a similar manner to the ballistic chronograph in that a beam of light is emitted and once broken, measurement can either be started or stopped.  With paired sets of gates located at a set distance then velocity over that distance can be measured.
	[image: Image result for industrial light barriers]
Image taken from Omron Safety Light Curtains[footnoteRef:12] [12:  OMRON F3SJ Safety Light Curtain:  https://www.ec21.com/offer-detail/Sell-OMRON-F3SJ-Safety-Light--9825412.html - accessed 10:00 on 19th May 2018.] 



The limitations seen with the ballistic chronograph would be eliminated by the fact that light gates come in different shapes and sizes meaning that they could essentially wrap around the flight path of the projectile negating the issues with light, etc.
However, as these are located along the flight path of the projectile there could be a risk to the system in that they themselves could get hit by the bullet.  This risk could be negated through the use of barrier protection built up to protect the equipment.  In addition, as shown in the image below, the beam configuration would have to be small enough to allow for the detection of a Small Arms projectile:
[image: Image result for industrial light barriers]
Image taken from www.pinsdaddy.com[footnoteRef:13]
 [13:  Curtains Light Sensor:  http://www.pinsdaddy.com/curtains-light-sensor_qfz4*EWh9FRbYQYh72ALYLN%7CA2wKW6HRSf6BD6p5XMo/ - accessed 10:00 on 19th May 2018.] 


As the light gate is either “off” or “on”, depending on if an object passes through the gate or not an uncertainty of measurement for the device would be difficult to obtain.  A Type B uncertainty of measurement[footnoteRef:14] for the process itself (for example, involving the measuring of the distance between the gates) would need to be determined to ensure the accuracy of this system. [14:  See section 6.4 - Uncertainty of Measurement] 

[bookmark: _Toc508357620][bookmark: _Toc508357909][bookmark: _Toc508364543][bookmark: _Toc509654536][bookmark: _Toc515543135][bookmark: _Toc515622536]Summary of findings
· Cost.
· Less than £100 per unit.
· Durability.
· Can be frame mounted and protected/wrapped around the flight path of bullet.
· Manual Handling.
· Light weight.
· Accuracy.
· This will have to be calculated.
· Compatibility.
· Can connect to standard data logging equipment and exported into suitable format for reporting.


[bookmark: _Toc515622537]Doppler Radar:
Doppler Radar works by utilising the principles of the Doppler Effect[footnoteRef:15]. [15:  See Appendix 3 – Doppler Effect for further information on the Doppler Effect.] 

Radar (Radio Detection and Ranging) transmits radio waves of a known frequency.  Once contact is made to an object (in the case of measuring ballistics, the object will be the bullet itself), a reflection is returned back to the radar.  It is the time taken between the transmission and response that is used for the calculation of velocity.
Some of the equipment used for this can be heavy and awkward to move therefore making this more of a static platform for testing rather than dynamic due to issues with manual handling.
The transmission of the radio wave needs a safety area established around the equipment ranging from a small distance (1 meter for antennas suited to capturing only Muzzle Velocity) to 30 meters for smaller tracking radars depending on the strength of the transmission.
QinetiQ already have a stock of such systems so cost would not be an issue, simply availability of the resource.  The frequency of transmission for such systems is something to consider in this context.  An example frequency pertaining to one of the stock items is 10.447Ghz.  It is important that this frequency is unique in that no other piece of equipment in the vicinity is operating at the same frequency.
For the capture of the small arms ammunition involved with this trial, an antenna with the following characteristics would be appropriate based solely on the ability to control the safety area in the firing environment:
Output Power:  0.4 ± 0.1 Watt.[footnoteRef:16] [16:  Weibel Doppler Radars specification sheet – Fixed Head Antennas.] 

Average Tracking Range:  155mm projectile 2-4km, 7.62mm projectile 0.1-0.2km.[footnoteRef:17] [17:  Weibel Doppler Radars specification sheet – Fixed Head Antennas.] 

However, as shown above, the range of detection (or tracking) varies depending on the projectile.  The statement of requirements mentions that velocity is required both at the muzzle and the target.  As such, for the target this may not be an appropriate solution due to the power emission required for tracking a smaller projectile over the required maximum distances.

[bookmark: _Toc508357622][bookmark: _Toc508357911][bookmark: _Toc508364545][bookmark: _Toc509654538][bookmark: _Toc515543137][bookmark: _Toc515622538]Summary of findings
· Cost.
· Prices start at £30k - £35k.
· Durability.
· These units are very robust and can withstand a high level of abuse.
· Manual Handling.
· Depending on the size of antenna the weight of these can range from 4-23kg.
· Accuracy.
· Close to 0.5m/s
· Compatibility.
· Can connect to standard data logging equipment and exported into suitable format for reporting.



[bookmark: _Toc515622539]Laser:
Similar to Doppler Radar, a Laser Meter sends a pulse of light towards an object and measures the length of time it take for the pulse to return.  This will immediately give the distance of the object and therefore a velocity can be derived.  With multiple pulses being emitted, an item can be tracked over a period of time.
These systems are lightweight, portable and fairly weather proof.
With the average range of most laser meters being 1km, this would be an appropriate solution to cover the proposed firing distances.[footnoteRef:18] [18:  UltraLyte Laser Series data sheer.  https://www.lasertech.com/content/pdfs/TS/UltraLyte-Series-Specifications.pdf - accessed 10:30 on 25th October 2017.] 

In terms of Uncertainty of Measurement, it has been quoted for a speed measurement using a laser system that an accuracy of ± 0.2km/h to 0.3km/h can be achieved.[footnoteRef:19] [19:  The Uncertainty Assessment of Vehicle Speed Measurement Based on Laser Switch by Li L., He H. (2014) The Uncertainty Assessment of Vehicle Speed Measurement Based on Laser Switch. In: Zhang B., Mu J., Wang W., Liang Q., Pi Y. (eds) The Proceedings of the Second International Conference on Communications, Signal Processing, and Systems. Lecture Notes in Electrical Engineering, vol 246. Springer, Cham.  https://link.springer.com/chapter/10.1007/978-3-319-00536-2_32 - accessed 11:30 on 25th October 2017.] 

However, as the bullets used for the testing are relatively small in calibre, it would be an almost impossible task to “lock” the laser onto the projectile whilst it is in flight especially within the timeframe that it takes for the shot to occur.
In terms of the legality behind using such a device, employees will have to:[footnoteRef:20] [20:  Laser Radiation Safety Advice:  https://www.gov.uk/government/publications/laser-radiation-safety-advice/laser-radiation-safety-advice - accessed 11:20 on 26th April 2018.] 

· Comply with Section 2 and Section 3 of the Health and Safety at Work Act by identifying hazards and putting in place adequate control measures.
· Act in accordance with the control of Artificial Optical Radiation at Work Regulations 2010, employees will have to limit exposure below the Maximum Permissible Exposure Levels and eliminate the risks to employees or reduce the risks to the employee to As Low as Reasonably Practical.
· Apply the standards of the International Electrotechnical Commision (IEC) for Lasers (BS EN 60825).



The UK MoD follow Joint Services Publication (JSP) 390[footnoteRef:21] (which is based on BS EN 60825) which defines a Laser Safety policy that includes a requirement for a “Laser Safety Officer in any ship, unit, station or establishment where Class 3R, 3B or 4 lasers are in use”.  It also defines the Defence Laser Safety Committee (DLSC) who provide assurance and set policy with regards Laser safety and the requirement for a Military Laser System Safety Assessment Certificate, Military Laser Range Safety Clearance Certificate, Military Laser Trials Certificate.  As the Pendine range is an MoD range managed by QinetiQ, the facility will also have to adhere to this JSP. [21:  Military Laser Safety (JSP 390):  https://www.gov.uk/government/publications/jsp-390-military-laser-safety - accessed 11:10 on 26th April 2018.] 
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· Cost.
· The cost of a laser based “speed gun” is on average in the region of £1000.
· Durability.
· Lightweight, portable and fairly weather proof.
· Manual Handling.
· These tend to be hand held so are very light.
· Accuracy.
· ± 0.2km/h to 0.3km/h can be achieved.
· Compatibility.
· Can connect to standard data logging equipment and exported into suitable format for reporting.

[bookmark: _Toc515622541]PC Soundcard:
This is perhaps the simplest and cheapest method as it utilizes either the built-in microphone or an external microphone connected to a standard computer.  The muzzle blast acts as a trigger to start recording.  The sound the bullet makes when striking the target stops the recording.
If the distance between the two locations is known, then the length of time used between the two events can be used to calculate velocity.  As the system relies on the bullet hitting the target, it is a requirement for this to work to have a target that creates a noise when hit.  Some of the proposed targets in this package of work may not have any noise produced.
As such, this system for the purpose of the package of work that QinetiQ is involved in would only work for a small amount of firings due to the issue with noise as well as the different distances involved.  In addition, there would probably be an issue with the weather if fired outside and noise reflection if fired inside a tunnel.
Some of the weapon systems planned for this activity have silencers (devices to supress the sound of the firing) attached.  This would mean that this system would not be a practical approach as it would not detect the firing of the bullet.
Although Michael Courtney and Brian Edwards in their paper Measuring Bullet Velocity with a PC Soundcard state that “this method provides a reasonable accuracy (1%)”[footnoteRef:22], this would have to be manually calculated for the trial process being used and as such this statement cannot be relied on. [22:  Measuring Bullet Velocity with a PC Soundcard by Michael Courtney and Brian Edwards.  http://cds.cern.ch/record/922655/files/0601102.pdf - accessed 09:30 on 24th October 2017.] 

Therefore, this mechanism would not be the recommended solution.
[bookmark: _Toc508357626][bookmark: _Toc508357915][bookmark: _Toc508364549]

[bookmark: _Toc509654542][bookmark: _Toc515543141][bookmark: _Toc515622542]Summary of findings
· Cost.
· Most PC’s have a sound card built in so this would be negligible.  The only additional cost would be for a microphone with costs in the region of £100.
· Durability.
· Depending on the type of computer this may either be not durable enough or possibly a Toughbook with extra durability.
· Manual Handling.
· Basically the weight of a standard laptop so very versatile.
· Accuracy.
· 1% quoted but this would have to be verified.
· Compatibility.
· Can connect to standard data logging equipment and exported into suitable format for reporting.



[bookmark: _Toc515622543]“VAS”:
A Velocity Analysis System (VAS) utilises a series of trigger/make wires or foils to essentially construct a circuit.
	[image: ]
	A Trigger wire or Foil is placed on the item being tested so that once initiation or triggering takes place a “zero-time” is captured within the system.


The knowledge of how far away from the item under test is located compared to the next item in a larger series of wires/foils, allows for a distance/time formula to be used within the system software to calculate Velocity at the time that the next wire/foil is broken.  As such, a series of velocities can be derived at different distances to a high level of accuracy.
This system would prove to be very accurate but costly with the wire/foil having to be replaced after each firing and the average cost of a foil being between £15 and £30!
[bookmark: _Toc508357628][bookmark: _Toc508357917][bookmark: _Toc508364551][bookmark: _Toc509654544][bookmark: _Toc515543143][bookmark: _Toc515622544]Summary of findings
· Cost.
· £15 and £30 per foil.
· Durability.
· Can only be used once per shot and there are known issues (self-triggering or no readings at all) with using these in wet weather.
· Manual Handling.
· Very light as the name suggests they are essentially a piece of copper foil.
· Accuracy.
· ± 0.25%
· Compatibility.
· Can connect to standard data logging equipment and exported into suitable format for reporting.


[bookmark: _Toc515622545]High Speed Camera:
A High Speed Digital Video (HSDV) Camera is capable of recording motion at an excess of 100,000 Frames Per Second (fps) depending on the screen setup (resolution) of the frame in film.
Making use of a datum pole (item of known length), placed across the line of fire, it is possible to use the software provided with the HSDV system to calculate the velocity of a projectile.
This can be carried out by counting the number of frames in the recording that it takes the projectile to pass by the known distance as set by the datum pole.  Knowing the number of frames per second that the footage was recorded at, the user can then work out the number of seconds it takes to travel along the datum and therefore the velocity of the projectile.
The challenge with recording higher numbers of fps is that a small resolution screen is required – thus making it a challenge to fit a reasonable sized datum pole into the footage.
Additionally, the interaction with the software when measuring the number of frames the projectile has progressed through, means that the user has to select a start and end point from the same reference on the projectile.  This can be a challenge when a small resolution screen is used leading to a potentially high uncertainty of error for this process.  Making multiple measurements using several different people will allow for a Type A uncertainty to be made but this would take time to develop.
It is globally accepted that the uncertainty for this would be less than 2%.[footnoteRef:23] [23:  Quantification of the uncertainties of high-speed camera measurements by C. Robbe, N. Nsiampa, A. Oukara, A. Papy, 9th October 2014, © EDP Sciences 2014.  https://www.cambridge.org/core/journals/international-journal-of-metrology-and-quality-engineering/article/quantification-of-the-uncertainties-of-high-speed-camera-measurements/BB35F1940563D11941B8986487286785 - accessed 11:00 on 25th October 2017.] 

An additional challenge for using HSDV would also be cost and availability of resources.  Due to the cost of buying (possibly £70,000 - £150,000) or hiring such a device.
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· Cost.
· Possibly £70,000 - £150,000.
· Durability.
· While the camera itself is durable, its lenses are not.  These would either have to be shielded using plastic or angled so that the object is filmed through a mirror (thus protecting the lens) and providing additional cost.
· Manual Handling.
· These weigh between 5-10kg so can be tricky to mount on a tripod depending on location.
· Accuracy.
· Using the imaging software to perform a velocity calculation is subject to human interpretation.  As such, a Type B Uncertainty of Measurement will have to be attained.[footnoteRef:24] [24:  See section 6.4 - Uncertainty of Measurement] 

· Compatibility.
· Once calculated, the velocity will have to be manually recorded so could go straight into a report template.



[bookmark: _Toc515622547]Pitot Tube:
The principle use of a Pitot Tube is within aircraft as they are the aircrafts speedometers.  Could such a solution be used for bullet velocity measurement?
In theory yes.  The Pitot Tube is an open ended tube which faces into an air flow.  The kinetic energy of the air flowing into the tube is converted into pressure energy.  As this is higher than the undisturbed air density around the tube, the air flowing past the aircraft (and therefore the item itself) can be used to calculate velocity using an equation based on the workings of Bernoulli:[footnoteRef:25] [25:  Bernoulli Equation.  http://hyperphysics.phy-astr.gsu.edu/hbase/pber.html - accessed 11:45 on 27th October 2017.] 


Where, V = Velocity, P = Air Density, P1 = Stagnation (total pressure), P2 = Static Pressure
Air Density can be calculated using the following can be calculated using a number of online calculators[footnoteRef:26]. [26:  Density Altitude Calculator.  https://wahiduddin.net/calc/calc_da_rh.htm - accessed 10:30 on 27th February 2018.] 

Air Density is often used for NATO Standard testing.  As the information is readily available, this process could be used.
Accuracy ranges from 0.5% to 5%[footnoteRef:27]. [27:  Pitot Tubes:  Introduction to Pitot probes and tubes, Omega Engineering.  https://www.omega.co.uk/literature/transactions/volume4/pitot-tube.html - accessed 11:15 on 27th October 2017.] 

Why is Air Density important?  The shape and size of a bullet in conjunction with Air Density has an effect on the speed at which the bullet will travel.  The resistance of the air around the bullet slows it down and therefore reduces the distance that the bullet will travel.
This system as demonstrated is ideal for aircraft but to bulky to fit onto a bullet.  Looking at examples of Pitot Tubes, it can be clearly seen that these are not suited.[footnoteRef:28]  The addition of any device onto the bullet would also impact on the performance and characterisation of the bullet in flight.  As such, this is not an appropriate methodology for what we are trying to achieve.
 [28:  Pitot Tubes Copyright © Dwyer Instruments, Inc. All Rights Reserved.  http://www.dwyer-inst.co.uk/Product/TestEquipment/PitotTubes/ - accessed 11:00 on 27th October 2017.] 
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· Cost.
· Few hundred pounds per unit.
· Durability.
· Would have to be mounted on the bullet (if possible?) – these will need to be replaced each shot.
· Manual Handling.
· Can be very light weight.
· Accuracy.
· 0.5% to 5%
· Compatibility.
· Can connect to standard data logging equipment and exported into suitable format for reporting.
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[bookmark: _Toc515622549]Summary of findings

	Application
	Cost/Availability
	Durability
	Manual Handling
	Accuracy
	Compatibility – data presentation

	Optical (Gun)
Chronograph.
	Can vary from a few pounds to a few hundred.
	Weather can have an effect on the performance of this device.
	Very light weight and portable.
	Quoted at 0.1%
	Output is displayed on a digital screen located on the device itself.  Some devices have the facility to output to a printer adapted to the device itself or to a tablet/mobile phone – so in theory this could be imported into a suitable report format.

	Ballistic Pendulum.
	Perhaps free as this could use existing materials to make the pendulum.  Not really commercially available.
	Potentially has to be replaced after each firing.  Would not be effective in high wind.
	Potential working at height risk due to having to hang the pendulum.
	This will have to be calculated.
	Formula for this calculation could be derived in an appropriate spreadsheet package and therefore suitable for reporting.

	Light Gates.
	Less than £100 per unit.
	Can be frame mounted and protected/wrapped around the flight path of bullet.
	Light weight.
	This will have to be calculated.
	Can connect to standard data logging equipment and exported into suitable format for reporting.

	Doppler Radar.
	Prices start at £30k - £35k.
	These units are very robust and can withstand a high level of abuse.
	From 4-23kg
	Close to 0.5m/s
	Can connect to standard data logging equipment and exported into suitable format for reporting.






	Application
	Cost/Availability
	Durability
	Manual Handling
	Accuracy
	Compatibility – data presentation

	Laser.
	The cost of a laser based “speed gun” is on average in the region of £1000
	Lightweight, portable and fairly weather proof.
	These tend to be hand held so are very light.
	± 0.2km/h to 0.3km/h can be achieved.
	Can connect to standard data logging equipment and exported into suitable format for reporting.

	PC Soundcard.
	Most PC’s have a sound card built in so this would be negligible.  The only additional cost would be for a microphone with costs in the region of £100.
	Depending on the type of computer this may either be not durable enough or possibly a Toughbook with extra durability.
	Basically the weight of a standard laptop so very versatile.
	1% quoted but this would have to be verified.
	Can connect to standard data logging equipment and exported into suitable format for reporting.

	Velocity Analysis
System - “VAS”.
	£15 and £30 per foil.
	Can only be used once per shot.
	Very light as the name suggests they are essentially a piece of copper foil.
	± 0.25%
	Can connect to standard data logging equipment and exported into suitable format for reporting.






	Application
	Cost/Availability
	Durability
	Manual Handling
	Accuracy
	Compatibility – data presentation

	High Speed
Camera.
	Possibly £70,000 - £150,000.
	While the camera itself is durable, its lenses are not.  These would either have to be shielded using plastic or angled so that the object is filmed through a mirror (thus protecting the lens) and providing additional cost.
	Between 5-10kg
	Using the imaging software to perform a velocity calculation is subject to human interpretation.  As such, a Type B Uncertainty of Measurement will have to be attained.
	Once calculated, the velocity will have to be manually recorded so could go straight into a report template

	Pitot Tube
	Few hundred pounds per unit
	Would have to be mounted on the bullet (if possible?) – these will need to be replaced each shot.

	Can be very light weight.
	0.5% to 5%
	Can connect to standard data logging equipment and exported into suitable format for reporting.





[bookmark: _Toc515622550]Conclusion
In terms of selecting an appropriate solution, the easy option would be to look at what has been used before.
For example, Nicholas G. Paulter, Jr and Donald R. Larson from the National Institute of Standards and Technology in America[footnoteRef:29] published a paper in 2009 looking at a solution involving a Ballistic Chronograph for measuring bullet velocity with its application being suited to what the QinetiQ trial is trying to achieve.  They did however, concentrate on the accuracy of the device rather than the practical application of using it in the field for a series of firings.  They concluded that the accuracy of the Ballistic Chronograph was the greatest and it could therefore be used as a reference for comparison of performance of other devices. [29:  Uncertainty of measurement for chronograph: http://ws680.nist.gov/publication/get_pdf.cfm?pub_id=32808 – accessed 10:30 on 9th December 2017.] 

Due to the limitations discussed with reference to a ballistic chronograph, I feel that this is not appropriate for the practical implementation required within the scope of the QinetiQ trial.
In addition, another option would be to use existing equipment resources to complete the task.  QinetiQ already have a stock of Doppler MV Radar systems but these are limited in range due to their transmitting power so would only be suitable for recording the Muzzle Velocity as opposed to potentially plotting velocity over the full range of required distances.  As the focus of this investigation is to choose the most appropriate solution without bias then this option should also be ignored.
Looking at the summary of findings, it can be seen that accuracy and compatibility for all items investigated are similar.  As such, my final solution has been selected based on cost, durability and manual handling as influences for the most appropriate item(s).



Starting with cost, the two cheapest solutions with the use of the Ballistic Chronograph being ruled out are Ballistic Pendulum and Light Gates.  Referring to the summary of the research findings, the use of Light Gates provides a better overall solution to the use of Ballistic Chronograph.  My proposal therefore, is to use Light Gates within the Trial Document to measure Muzzle Velocity, Target Velocity and any Observed Velocities at required distances.
Secondary to this, High Speed Camera’s can also be deployed at the target to record the pitch and yaw (flight profile) of the bullet as it reaches the target.  This is an additional solution which is outside this method of research but is to be included in the Trials Conduct Document to provide an overall trial solution.


[bookmark: _Toc515622551]Trials Delivery
[bookmark: _Toc515622552]What is the Trial Delivery Process?
Test and Evaluation (T&E) provides the knowledge to assist in the management of risk when developing, producing and operating various systems and capabilities.
“T&E is the process by which the evidence is gathered to inform decision making around the development, acceptance and utility capability”.[footnoteRef:30] [30:  QinetiQ – Test and Evaluation:  https://portal.qinetiq.com/Our-Company/About-our-customers/Business-Information-Hub/Customers-and-Partners/Test-and-Evaluation/QinetiQs-Test-and-Evaluation-Strategy - accessed 11:00 on 31st May 2018.] 

In order to facilitate T&E, the effective delivery of technical trials is required.  This involves the planning, setup and conductivity of what is effectively a large science experiment.  From initial concept to the final delivery (which is in the form of a technical report), the trials at QinetiQ Pendine are usually designed to evaluate the following while still maintaining a safe working environment:
· In-Service testing of items currently being used to give confidence that they meet appropriate specifications and can be deemed as still being fit for purpose and safe for use.
· Testing of new items to verify if they are suitable for service – acceptance and operational evaluation.
· Testing of items to find out how they work – or in some cases, why they have not worked.  This may include evidence gathering, operational analysis, modelling and simulation.
· Testing of new theories and technologies through experimentation, technology demonstration and verification.
QinetiQ Pendine as a test range facility are required to adhere to the following principles for effective Trials Delivery:
· Regulations imposed by the Health and Safety Executive (HSE).
· Joint Service Publication (JSP) Guidelines.
· NATO Manual of Proof and Inspection (MOPI) [1].
· “Standardization Agreement” (STANAG) for the appropriate type of Small Arms ammunition.

[bookmark: _Toc508364560][bookmark: _Toc509654553][bookmark: _Toc515543152][bookmark: _Toc515622553]Flow diagrams detailing the trials delivery process.











[bookmark: _Toc515622554]Strategic analysis of this
As with any process, there has to be an element of Systems Engineering Analysis to ensure that the process being conducted is viable and efficient.  In this context (and following on from the Trials Delivery Process), it can be seen that there are several key areas that will influence the successful completion of a trial.  These have been analysed using Systems Engineering Tools (Failure Mode Effects Analysis and Pareto Chart)[footnoteRef:31] as to the level of their effect and what controls could maybe put in place to mitigate the failure of the trial. [31:  Appendix 4 – Failure Mode Effects Analysis (FMEA) and Appendix 5 – Pareto Chart] 
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[bookmark: _Toc515543155][bookmark: _Toc515622556]Pareto Chart


As shown in the chart, the availability of ammunition is critical for the trial to take place.

[bookmark: _Toc515622557]Trial Risk Assessment
[bookmark: _Toc508364565][bookmark: _Toc509654558][bookmark: _Toc515543157][bookmark: _Toc515622558]What is a Risk Assessment
The Health and Safety Executive (HSE) define a Risk Assessment as “a careful examination of what, in your work, could cause harm to people.”[footnoteRef:32] [32:  WorkSmart from the TUC:  https://worksmart.org.uk/health-advice/health-and-safety/hazards-and-risks/what-risk-assessment - accessed 10:15 on 25th April 2018.] 

Risk Assessments are carried out to enable control measures to be devised.  They allow for the identification of hazards within the working environment and provide the mechanism for the documentation of these hazards in conjunction with their appropriate control measures.
A Risk is the likelihood that harm could occur together with an indication of how serious that harm could be.
A Hazard is the inherent property or ability of something to cause harm.
Following this guidance, I believe that a Risk Assessment for this trial is of importance and as such one has been included in this document.  This is because the testing that is being carried out in this instance involves the use of multiple weapons and live ammunition.  While it is important that these tests are to be carried out, the main aspect which cannot be ignored is safety.  The tests should be carried out with due diligence and without any compromise on safety.
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[bookmark: _Toc515622560]The importance of the Trials Conduct Document
The Trials Conduct Document details a Safe System of Work for the conduct of the planned trial.
The document outlines the principles as detailed in the QinetiQ OME – Trials Activities and Proof Firings document[26] which defines (but not limited to) the following key concepts:
· Background information pertaining to the trial.
· Aims and Objectives of the work schedule.
· Responsible Persons and their roles within the operation of the firing facility.
· Equipment to be used for the trial.
· Proposed trial routine.
· Trial safety.
· Data collection / reporting / classification.
· References.
As discussed in the Aims of this item of work, the Trials Conduct Document that has been produced is the culmination of the research carried out in order to provide a chosen method of velocity measurement and incorporate this into a trial for assessment of bullet performance at QinetiQ Pendine.
In terms of relating technical trials to the concepts of a scientific experiment, this is the Method that is to be followed for the safe conduct of the work involved to complete the task.


[bookmark: _Toc515622561]Trials Conduct Document
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[bookmark: _Toc515622562]Reflections
Following the completion of this item of work, I have had the following thoughts pertaining to where I feel I could have planned/carried out this work in a more improved manner:
· Timing/planning.  Looking at the initial University timetable, I envisaged my initial Gantt chart based on a 9 week academic period.  However, I failed to realise until part way through my assignment the importance of the time between visits to the University.  As such, where practicable (especially at the start) I was able to utilise time between visits to University to carry out work on the project.  This created a revised Gantt chart which is also detailed in this report.
· Familiarisation with the project.  At times, due to priorities at work, it has been difficult to carry out work between University sessions.  During those times, I found that it was possible to lose track of where I was in terms of project progress.  On more than one occasion, I perhaps wasted time during University visits re-familiarising myself with my work.  One important thing I learnt towards the end of the project period was to schedule in time to review the project in order to keep my ideas and progress fresh.
· Following on from the reflections listed above, I feel my work was carried out in a reactive manner rather than a planned proactive approach.  This work was completed in a way similar to “I have some time free what can I do” – the challenges of a full time job contributed to this approach.
· Another “reactive” example of the way this work was completed is that I would often jump between sections adding information as and when thoughts came into my head, rather than planning out what was needed within each section and completing the work accordingly.
· Some of this work is already being carried out on the range at Pendine – this is utilising existing equipment rather than the most suitable equipment.  The content within this document is drawing on personal experience with credit going to QinetiQ for the template of the Trials Conduct Document and Risk Assessment.
Would I do this type of project again?
The short answer is “no” – while I feel I have produced a quality item for assessment I do not feel that I have a final show piece with which to progress and move on with.
During this project, I utilised methodologies from a recent Systems Engineering module completed at University.  This is the approach that I feel I should have embraced from the start and completed an assignment from the point of view of a Systems Engineer, looking into and analysing a business system within QinetiQ.  Should I have the opportunity to conduct a similar piece of work in the future then this is the approach I believe I may take.
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[bookmark: _Toc515622565]Appendix 1 - Project Plan
The following outlines my initial project plan based on a 9 week academic year.
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[bookmark: _Toc515622566]Appendix 2 - Project Progression
[bookmark: _Toc508357934][bookmark: _Toc508364573][bookmark: _Toc515543166][bookmark: _Toc515622567]Diary of project progress
This Diary outlines the actual progress made.
Week 1
3rd October – Discussion with Dr Gary Jones and approval for project.
5th October – 3hrs setting format and template for the project.
6th October – 2hrs research.

Week 2
12th October – 4hrs Trials Conduct Document.

Week 3
16th October – All Day, researching MOPI, STANAG & more format work.
17th October – All Day – researching types of velocity measurement, HSDV & ballistic chronograph.
19th October – Afternoon – Doppler Radar and Doppler Effect.

Week 4
23rd October – Half Day, continuation of Doppler.  Initial researching of VAS, Light Gates.
24th October – Half Day, initial research of PC Sound Card and Parabolic Method.
27th October – Half Day, discussion with Dr Gary Jones and library research.


Week 7
18th November – Half Day, researching “what is velocity” and initial research into ballistic pendulum.  Also, consolidation of where the project is at up to this date and what is needed to be done.
	Measuring Device
	Description of
	How it works
	Is it
	Uncertainty of

	
	device
	
	Appropriate?
	Measurement

	Optical Chronograph
	
	?
	
	?

	Ballistic Pendulum
	
	
	?
	

	Light Gates
	
	
	
	

	Doppler
	
	
	
	

	Laser
	
	
	
	

	PC Soundcard
	
	
	?
	

	Velocity Analysis System
	
	
	
	

	High Speed Digital Video
	
	
	?
	

	Pitot Tube
	?
	
	?
	

	
	
	
	
	



Week 10
9th December – Half Day, following on from the previous consolidation of where the project was at, had a discussion with Dr Gary Jones pertaining to the amount of content required for each item of research for the different types of measuring devices.  Looking at each in turn, I can try to fill in the gaps of the above table.  In addition, following on from this morning’s discussion, I have decided to discuss the appropriateness of each item within my summary of findings and conclusion rather than as part of each individual section.  Also formalised project plan.

Week 17
22nd January – Work on Trial Conductivity document.
23rd January – Preparation for Interim Viva.
25th January – Preparation for Interim Viva.
26th January – Interim Viva.

Week 20
17th February – Work on Trial Conductivity document – assessment of what further work is required.

Week 22
27th February – “Filling in the Blanks” – aim is to have a draft ready for review by the end of this week.
28th February - E-Mailed John Rees (University Lecturer) with main project report and Rhydian Harries (QinetiQ Health & Safety) with Trial Plan.
1st March - Feedback from Rhydian Harries was good and he suggested getting further feedback from Carwyn Bowen (Deputy Trial Safety Manager – Pendine)

Week 23
5th March – Discussion with Carwyn Bowen and E-Mail to him containing draft Trial Plan and Project.
7th March – Feedback received from Carwyn and acted upon.
9th March – Discussion with John Rees and feedback on structure / content of document.  Further content added to section detailing the Trials Conduct document.
10th March – Flow Chart detailing trial process and further content added to Abstract section.

Week 25
24th March – Further processing of Flow Chart detailing trial process.

Week 30
23rd April – Development of List of Abbreviations section and read through of Major Project Handbook to see where I am.  Start on Reflections of the project.
25th April – Completion of summary of findings, conclusions plus Risk Assessment work and editing of Trials Conduct Document.
26th April – Download of fresh drawing software and proof read / edit of documentation.

Week 31:
1st May – Further research into Trials Delivery Process and Risk Assessments.
2nd May – Completion of Risk Assessment.

Week 33:
14th May – Further work formatting and additional content to Trials Conduct Document.
15th May – Have edited and including a draft Trials Conduct Document into my draft report, this has been sent off to John Rees for review.
19th May – Have received feedback from John Rees and working through the “Quick Wins” – lots of references appear to have gone missing so that is a priority to resolve.

Week 34:
21st May – Spoke with Carwyn Bowen who agreed to carry out a further review of the Trials Conduct Document
22nd May – Using Photoshop, carried out work creating the Range Layout Drawing.  Also created and Acknowledgements page and Appendix 6.
23rd May – Following feedback received, implementation of changes as advised by Carwyn Bowen.

Week 35:
30th May – Documenting the Reflections on this piece of work.
31st May – Revisiting aspects within the report that I have felt still needed more work.  Researched QinetiQ’s definition of Test & Evaluation.
1st June – Final Review and printing.


[bookmark: _Toc508357935][bookmark: _Toc508364574][bookmark: _Toc515543167][bookmark: _Toc515622568]Project Gantt Chart
Summary of actual progress made:
[image: ]

[bookmark: _Ref496184366][bookmark: _Toc515622569]Appendix 3 – Doppler Effect
“The Doppler effect is the apparent change in the frequency of a wave caused by relative motion between the source of the wave and the observer.”[footnoteRef:33] [33:  COMSOL BLOG – What is the Doppler Effect? By Alexandra Foley, 15th July 2013.  https://www.comsol.com/blogs/what-is-the-doppler-effect/ - accessed 14:30 on 19th October 2017.] 

Imagine a stationary item emitting a constant sound.  Its pitch does not change at this point.  As the item is moved further away, a person’s reception of the sound the item is making begins to change.  The sound that the item is emitting has not changed simply that the wavelength of the sound being produced is taking longer to reach the recipient.  Likewise if the object was moved closer to the person, the effect of the change would be that the perception of the sound is louder.  This is because the closer distance results in less time for the wavelength of the sound to reach the recipient.
This effect can easily be visualised by dropping a stone into a lake.  As the ripples (or wavelengths) start, they are close together.  As they drift out to a greater distance, they move further apart.
Simulating this can be achieved by standing on the platform of a train station.  The train as it travels emits the same sound.  As the train approaches the platform, its sound gets louder and then quieter again as it moves further away down the track.
It is this principle that is used with Doppler Radar.  The frequency of the wave emitted from the radar does not change.  As the wave hits an object and returns back to the receiver the length of time taken for this to happen varies depending on the distance of the object from the radar antenna.  Knowing the transmitted frequency and measuring the length of time for a response allows for a calculation of distance and velocity to be made.


[bookmark: _Ref508360882][bookmark: _Toc515622570]Appendix 4 – Failure Mode Effects Analysis (FMEA)
Failure Mode Effects Analysis (FMEA) is a systematic approach to the analysis of a process or system.  It follows a step by step system to identify all failures.  The system then allows for these to be evaluated and structured in terms of priority and severity with actions that can be put in place to eliminate them from happening.

The following highlights an example layout of an FMEA analysis and its purpose:[footnoteRef:34] [34:  Six Sigma:  Quick Guide to Failure Mode and Effects Analysis:  https://www.isixsigma.com/tools-templates/fmea/quick-guide-failure-mode-and-effects-analysis - accessed 11:00 on 8th December 2017.] 

	Function or Process Step
	Failure Type
	Potential Impact
	SEV
	Potential Causes
	OCC
	Detection Mode
	DET
	RPN

	Briefly outline function, step or item being analysed
	Describe what has gone wrong
	What is the impact on the key output variables or internal requirements?
	How severe is the effect to the customer?
	What causes the key input to go wrong?
	How frequently is this likely to occur?
	What are the existing controls that either prevent the failure from occurring or detect it should it occur?
	How easy is it to detect?
	Risk priority number



	Recommended Actions
	Responsibility
	Target Date
	Action Taken
	SEV
	OCC
	DET
	RPN

	What are the actions for reducing the occurrence of the cause or improving the detection?
	Who is responsible for the recommended action?
	What is the target date for the recommended action?
	What were the actions implemented? Now recalculate the RPN to see if the action has reduced the risk.
	
	
	
	



Severity, Occurrence and Detection are all given a grade from 1 to 10 with 1 being the lowest and 10 being the highest.  Using this grading, each step can be assessed and prioritized in order to provide a potential resolution before a problem occurs.


[bookmark: _Ref508360893][bookmark: _Toc515622571]Appendix 5 – Pareto Chart
A Pareto Chart (named after Vilfredo Pareto[footnoteRef:35]) is combined column/line chart.  The columns display valid groups of data or occurrences of issues and are ordered in terms of decreasing relative frequency from left to right.  The right vertical axis relates to the line chart showing the cumulative percentage of the occurrences. [35:  Wikipedia – Pareto Chart:  https://en.wikipedia.org/wiki/Pareto_chart - accessed 09:45 on 5th January 2018.] 

The result is a graphical representation showing which variables have a cumulative effect on a system.  As such, this demonstrates the theory that 80% of problems can be resolved by completing 20% of the tasks.


[bookmark: _Toc515622572]Appendix 6 – Review of Trials Conduct Document
On the 28th February 2018 I asked Professor Rhydian Harries (QinetiQ Fellow & Head of Trial Safety (Ranges) if he would be willing to carry out a review of the Trials Document.  The following is an extract pertaining to the particular concerns that I had:
“I would greatly appreciate it if you could please cast your eye over things, I have particular concern to ensure compliance with the following:
1.	Security – have I made this “Unofficial” enough for a University project.
2.	Health & Safety – have I entered into enough detail – for example, do I need to include copies of Risk Assessments?”

Rhydian’s response received on received on 1st March 2018 with constructive actions that I was immediately able to action:
“I am content that from what I’ve read so far the security of our activities has not been compromised.  I am also happy with the Health and Safety content, though I would suggest having a chat with Carwyn Bowen (TSM) just to run his eye over it as well.
My only observation about including the Test Plan is that you will need to include a glossary of terms and a list of abbreviations to ensure that an independent reader can fully follow the discussion and findings.  Acronyms such as FFE, HAM, MOD, etc. come as second nature to us, but to an external examiner or assessor it is a different language and could catch you out, especially at the marking boundaries.”

Following on from the advice provide by Rhydian, I contacted Carwyn Bowen (Trials Safety Manager) who provided the following feedback on 7th March 2018:

“As far as I’m aware it’s only the technical detail of the weapon and ammunition combinations which make it classified but I’m not an expert in security so don’t take that as gospel.  I’d modify the table in 2.1.1 to just say 5.56 ammunition, 7.62 ammunition, 6.5 ammunition etc. just in case. Perhaps take the document references out too if you’re concerned.
As far as health and safety is concerned then it’s the standard test plan stuff which is already filled in the document.  If you think it would be worthwhile creating a risk assessment then go for it, but I wouldn’t have thought it would be necessary for the project as you’re only using the test plan to explain how your testing method is going to work.”





I additionally contacted Carwyn Bowen again on 21st May 2018 for a further review of my Trials Test Plan – other than simple spelling / grammar changes, he also advised the following:
· Page 4 – Ensure consistency for units of measurement.
· Page 4 – Comment to show that it is only the data from the trial that is classified and not the test plan itself.
· Page 18 – The references quoted are now out of date.  While they were valid at the time of creating the initial Trial Document, these have now been superseded, so it may be worthwhile updating these.
· Page 24 – Again, a reference that has now been superseded.
· Page 25 – For a manned firing, additional PPE is required – may be worth detailing this in the list of Personal Protective Equipment.
· Page 27 & 32 – The site no longer uses the “Lima” flag as the range Boundary / Barrier, we now use the Red “Danger” Flag.

These actions were easily managed and completed within a satisfactory time to allow for my continuation and completion of the report.
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W Where SD = Standard Deviation of the results obtained, N =

Number of results.
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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

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

Framework Document Owner: Head of Health and Safety
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No. Hazards Who might be harmed and 2 | specify existing control measures and where 2
how 5 | relevant, any additional control measures required | 3 | £ | ¥
L3 for the works to proceed: £ S | =
3 = F3
3 ERERR
4 = 4
1 |Slips, trips & falls during Upto 2 xInst Staff, Sliportrip | O | Se | M |Staff mustkeep trailing leads and wires to a minimum. | R | Se | L
deployment and range clearance | hazards throughout the site, Where this is impractical then sufficient cable trays,
due to cables and other items of | both indoors and outdoors. runs and covers must be used.
equipment.

Suitable warnings must be posted to warn of trip
hazards.

Pedestrian routes/designated walkways must be kept
free from clutter at all times.

Pits and ditches must be segregated using barriers and
appropriate warnings displayed.

2 |Lifting Operations using lifting | Up to 2  Inst Staff, Slips, Trips, | R | Cr | M |Only trained and competent people may carry outliting| R | Se | L

equipment. Lifting of items in and | Crush injury through coming into| operations. Banksmen are used. A competent person
out of vans, carrying to and from | contact with items being inspects all lifting equipment, above the hook equipment
storage, carrying throughout the | moved/iifted. at 12 monthly and below the hook at 6 monthly

range area. intervals. When near to lifting operations, or instructed

by the responsible person, Safety Helmets, hi-vis
jackets and safety boots as minimum must be worn
Reference: PPE Hard Hats, PPE Footwear.

3 |Electricity - equipment has to be | 1 x Inst Staff through O | cr | H |Allelectical equipment on site is tested for safety. o] L
connected to allow for the supply | Electrocution.
of power - cables and

connecttions may be damaged.

Visitors who bring such equipment to site MUST report
it to their host to arrange suitable testing if required.

On no account is any electrical equipment to be used
without evidence of satisfactory testing and any site
equipment that is identified as out of date or not
displaying dates must not be used until re-tested. All
deficiencies must be reported to the host or responsible
manager.

The site will operate in accordance with the Electrical
Safety Code of Practice (SAF/C009/QQ).

Framework Document Owner: Health and Safety
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No. Hazards

Who might be harmed and
how

Specify existing control measures and where
relevant, any additional control measures required
for the works to proceed:

Likelihood

4 |Fuels - Contact with fuel which
could cause harm to skin and
eyes.

1 x Inst Staff during refuelling of
equipment and vehicles

Diesel is stored and supplied to site vehicles and plant
from an approved and fully inspected distribution point
Petrol is procured from commercial sources in small
quantities and transported within the requirements of
the Carriage of Dangerous Goods Act and stored in
compliance with DSEAR. Staff are briefed on the
hazards when required to transport petrol which is
contained in UN Approved containers and less than 333
litres in any vehicle. Reference: PPE Gloves, PPE Eye|
Protection.

Bl
o
&

-

5 | Exposure to Noise.

Up to 10 x Inst Staff, Ambient &
sudden impulse noise causing
hearing damage.

Impulse and Nuisance noise to
members of the public

Staff exposed to noise undergo Health Surveillance
which includes hearing test

Casual visitors are warned of the possibilty of sudden
noise and blast. Staff attending trials MUST wear Ear
Defenders to BS EN 352 (Peltor Tactical 7).

Spare ear protection is available from Business Support
on a loan basis. No person is to be granted permission
toattend an active ranges without ear protection

provision. Disposable ear plugs are available for visitors.

Noise monitoring/assessment carried out.

Acoustic forecasts are received prior to detination of
significant NEQ's from Met Office Aberporth to ensure
peak noise levels do not exceed 13548 at the Range

boundary.

Framework Document Owner: Health and Safety
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No. Hazards Who might be harmed and Specify existing control measures and where
how relevant, any additional control measures required | 3
for the works to proceed: 2
2
3
6 | Working at Height - Falling Up to 2 x Inst Staff, working at All work at height must be carried out by trained and | R | Se | L
height without a safe system in competent staff. Risk Assessment must be completed
place could resultin fals from prior to undertaking the task. Wherever possible
height causing minor, serious, or| access equipment s to be sed in preference to
fatal injury. climbing or working from ladders efc.
The site will operate in accordance with Working at
Height Code of Practice (SAF/C020/QQ)
7 | Traffic and plant movement - road  Any member of Staff, cr The site operates a speed limit system of 20mph. R|se| L
traffic accident or collision with customers, members of the
edestians. public. Vehicles MUST give way to vehicles carrying explosives|
P and drivers must follow the instructions of banksmen.
Road traffic accident, collsion Site traffic routes are sign-posted and no vehicle may
with pedestrians.
stray from the metalled roads without prior consent.
Seat belts MUST be worn where fitted.
Al raffic operations to be carried out in accordance with
the QQ Driver Code of Praclice (SAF/C007/QQ).
8 | Contact with Hazardous 1 x Inst Staff coming into contact| Se All processes which are classified as being of significant] R | M | T
Substances. with hazardous substances and risk must have a documented COSHH Assessement
chemicals which could cause and the findings must be noified to all persons at risk.
harm to skin and eyes. These will be reviewed at least bi-annually or on changel
of process | staf.
Process managers must ensure that the most recent
MSDS are available after each review.
All substances are stored in appropriately marked
locations.
The site will operate in accordance with the Control of
Hazardous Substances Code of Practice
(SAFIC005/QQ). Reference: PPE Gloves, PPE Eye
Protection.

Framework Document Owner: Health and Safety
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No.

Hazards

Who might be harmed and
how

Specify existing control measures and where
relevant, any additional control measures required
for the works to proceed:

Likelihood

Initiation of Unexploded

Ordanance

Up to 10 x Inst Staff coming into
contact with unexploded
ordnance.

Q
-

Where unidentified items are discovered they must not
be approached. Such items must be brought to the
attention of the Explosives Safety Manager or his
nominated deputy. In silent hours this will be QGS.

No digging operations may be carried out unless prior
permission has been sought and the site process
followed

Cordoned areas must not be entered without prior
‘written authorisation.

10

1

Exposure (o lonising Radiation.

Pressurised Systems

Inst Staff and customers
through exposure to radiation
hazards.

1 x Inst Staff through
unauthorised or misuse of a
pressureised system/equipment.

Se

cr

The site operates controlled and supervised areas. I se| T

Flash X-ray is controlled by local RPS at the x-ray sites.
Unauthorised entry to any controlled area is expressly
forbidden.

The site has Radiation Prior Risk Assessments in place.|

The site will operate in accordance with the Radiation
Safety and Compliance Code of Practice
(SAFIC024/QQ)

Al pressure systems are subjected to periodic I er| L
maintenance and inspection. Attachments into hoses
must be of a suitable standard i.e. crimped. Written
Schemes of examination are in place where required
Any damageffailures must be reported immediately. No
employee or visitor is permitted to interfere with
pressure systems unless given the proper authorisation.

The site will operate in accordance with the Pressure
Systems Code of Practice (SAF/C019/QQ).

Framework Document Owner: Health and Safety
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Trial Conduct Document
For

Assessment of Bullet Performance.

MoD Pendine Range

Issued by: Paul Austin

Issue Date: 31<May 2018

This document is to be compiled with reference to uidarice: “Preparation of
Trials Conduct Documents for QinetiQ-Operated MOD Test, Evaluation,
Research and Proof (TERP) Renges - “The Green Book”
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GENERAL INFORMATION

Background

“This tials partof a larger programme of workto determine a wide range of bullet
performance data for a number of small arms ammunition

‘Several combinations of weapons and ammunition will be tested during this tral
including but not exclusive to

+ 5.56mm weapon/ammunition combinations
+ 7.62mm weapon  ammunition combinations

+ 9mmweapon / ammunition combinations

+ 127mm weapon/ammunition combinations

Aims & Objectives.

‘The aim of the il is to obtain performance data (effectiveness)for various NATO
‘and UK weapon/ ammuntion combinations, at various increments of range from
10m up to 1200m.

‘The first objective of this trial s to record:

© Muzzle Velocity.

+ Observed Velocity atthe furthest known distance (where possible).

+ Stike velocity atthe target

The second objective of this trial is to use high speed digital video (HSDV) to
record the:

 Interaction between bullet and target
« Strike yawin two orthogonal planes.

Security

‘The data capturedirom this trial s to be classified OFFICIAL-SENSITIVE. In order

to faclliate the exchange of information, a coding system may be developed to
define the weapon and ammunition combinations

Unofficial
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Customer Details.
‘The Customer for this activityis: MoD Customer
ProjectManager

‘The Project Manager for this activty is: TBA
“Trials Manager

‘The Trials Manager for this activityis: TBA
Technical Lead

“The Technical Lead for this actvity is: Paul Austin
Trials SafetyManager

‘The Trials Safety Manager for this activty is: TBA

Unofficial
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RESPONSIBILITIES

‘The responsibilties of the Trials Manager (TM) for this activity are:
‘The TM is responsible forthe compiation andimplementation of a Safe System of
‘Work (SSOW), detailedwithin this TestPlan and other referenced documentation,
to_enable the trial to be conducted safely. SSOW will be guided by risk
‘assessment and comply with the following non-exhaustive requirements:

« Management controls & top level site procedures.

+ Useof competentand experienced staff (including appropriate behaviours).
« Adequate supervision.

« Suitable written work instructions and assessments.

+ Control of Contractors & Permitto Work (PTW) controls.

« Appropriate serviceable tools & work equipment in accordance with the
Provision and Use of Work Equipment (PUWER) Regulations.

+ Work in accordance with any conditions specified on the Range or
Explosives Licences or in explosive item-specific publications

+ Adequate workfacilies
+  Safeaccess &egress

Once the SSOW is approved and certficated the TM is responsible for the safe
conductof thetrial. However they may delegate the safe conduct ofthe frial o a
‘competent Trials Officer (TO}.

Particular effort should be made to obtain a relevanttechnical information o allow
forthe production of a suitable and sufficient risk assessment. The customer is to
be challenged should there be any doubt in the validity and accuracy of the,
technical and safety data.

‘Where necessary e Trials Manager should provide amore detailed trial Working

Instruction (W) that details complex sequential firing procedures. The Wiis fo be
cerified through the Hazardous Actvity Management (HAM) process.

Unofficial
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“The responsibilties of the Trials Officer (TO) for this activity are:

When delegated. the TO is responsible for the supenvision, safe preparation and
‘conductof allrials andfirings carried out under his conirol in accordance with the
‘approved SSOW. In the absence of the Trials Manager, the Trials Officer shall be
the Person in Charge and all Range acivity wil be at their discretion

Ensuring that all personnel involved in the tial, both directly and indirecly e.g.
Range isitors, sign the Hazardous Activity Safety Briefing Record (SAFFF151/M)
toindicate thatthey have been informed of and understand the significant hazards
‘associated with the activity. The completed form will be placed on the tial file at
the end of the tral

Ensuring that CCTV is operating and recording the firing arena during ail
hazardous operations

Entering all required trials details nto the Range Log Book (MOD Form 9068).
Priorto commencement of any work, the TOITM shall provide a safety brief to all
personnel on Range. This brief shall include, butnot be limited to, a summary of
the following information:

« The main hazards involved with the activity

+ Emergency procedures in the event of an accident

« Prohibited items within the Trials Arena

+ Who are First Aid/Ballistc Trauma trained personnel

« Under cover rules

+  Domestic arrangements on Range (toilets, eating, drinking and smoking)
« Private vehicles

The Firer

‘The firer will be nominated by discussion between the delegated TO and the T
‘When mannedfiring permission has been obtained from the TO, the nominated
firerwillbe responsible forthe firingof the weapon systemfromihe prone position
In additon the firer is to be support by means sand bags or some acceptable
support.

‘Their primary duty will consist of the operation of the weapon system, including
Ioading, firing, unloading drils. They are notto be given no other tasks.
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31 Weapons, Ammunition & Explosive Stores

311 Explosive Stores

e Descripion Quantty | 5 ea

by:

SEemmRRL TBA | Customer]
SB6mm AmourPrercing TBA | Customer|
SSemmEaT TEA | Customer]
TeammAe TBA | Customer]
S5mm 309 TBA | Customer|
SEmm Z3g TBA | Customer|
SEmmEN TBA | Customer]
Grman TBA | Customer]
GrmFrangie TBA | Customer|
Grmm BalSub-sonic TBA | Customer]

Unofficial





image26.png
QinetiQ Trial Conduct Document Page9 of 32
nofficial
312 Weapons

tem Descrption Redurea| supied by:
5 Semm=Weapon T T Customer
S Semm=Weapon? T Customer
S S6mm=Weapon T Customer
T =TWeapon T Customer

= TeaRonT T Customer
S Semm=Weapond T Customer
S Semm=Weapons T Customer
Te2mm=Weapon T T Customer
TE2mm=Weapon? T Customer
TE2mm=—Weapon3 T Customer
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32 Otheritemsrequired
Hom Descrtion Reaurea| supptied by:
[ 7980 Weapon WounT Agapor T e
[RIGia FronTPostTor 1980 Maun AGapior T e
UnersarRange TabE T e
G 3md Bender TelesCapTeSIghts T e
Fifing Selter T e
"0 Portacabin (for msFumentation] T e
Cenerator T e
ZerTical SHpper pate Wik TT0mm Giameter hole T e
Texan (polycarbonate] Sheel Tor cameras and Tight [ ASReq | —QmetT
proteciion
Fendne Bocks e [ amew
Camera SheTeTSpIerprooT SHeer T e
WAl SteaTvt T SteeTroeT T e
s Sheercanoey T e
[ Witness TargetTo Zero Weapon T e
[PamHERes e [ amew
TepTaaders T e
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33 Velocity Measurements

331 The following table is the velocity measuring equipment required for ths trial

Tem Description Quantity | To be suppiied
Required | by:
TightGate Systems T ey

34 Other instrumentation

341 The following table is the additional instrumentation equipment required for this

rial
Tiem Descripion Quantity | To be suppiied
Required | by:
TEDTighing array, power Supplies and cables ey
FrONTSIVereq miors 500X B0 Req | Qmeta
SIS camera T ey
“PhamtomTASDY Camera, viZTT T ey
TrggeAng SyStemTorASDV camera T ey
Sarety CCTVTorfAng ot T ey

35 Meteorological

351 The following tableis the meteorological equipmert requiredfor gel block ethaiity

Tem Description Quantity | To be suppiied
Required | by:
[WETStaton T ey
36 Survey

Al relevant points have been surveyed in along the range road with each 100m
indicated by a blue marker and yellow 20m markers between each 100m point.

37 StopAction

374 I aninstrumentation STOP ACTION is required, then itis to be communicated to
the Trials Officer by means of the alternative radio channel in use on the range at

the time.

Unofficial
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‘Trial instrumentation Layout / Schematic

Test Gun and Stand

Unofficial

Apparatus
(Usfor Pich & Yaw camparison)

(GolBlock,Metal Taret, Wness Packs)
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39 ProcessedOutput & Reporting

391 Noreports are requiredfor this frial_ Raw data s to be sentto the customer. The
QinetiQ technical lead will analyse the data before forwarding to the customer.

340 Stop Actions.

3101 Inthe eventof the Range Alarm being infiatedthen all firingis o stop immedately.

3102 For any stop action for safety that are carried outthe TO s to record them in the
'MOD Range Log Book (MOD906).

3103 The tral shall be stopped if any safety criical defects occurin any gun system
‘which could compromise the safety of personnel conducting the tral

3104 The tial shall be stopped if any unsafe practices or actions are observed.

3105 Firing shall stop if the range s ‘blocked’ by range control

3106 On mannedfiringthe safety supervisor can initiate a stop action by shouting “Stop!
‘Stop! Stopl” and tapping the firer on the shoulder.

3407 If at any time communication is lost with the buts, all firing is to cease until

communications are re-established.

Unofficial
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FACILITY REQUIREMENTS

-

“To conduct any minor repairs to the wall of steel protection system on the firing
range.

Manufacture and replacement of 40mm over plate for wall of steel stripper plate.
Repairs/manufacture of optical detector protection boxes.

Design Office

There is no plan for design office support during this tial

Armoury

To provide the equipment detailed in paragraph 3.1.2 of this document

To provide technical support throughout the trial o the customertechnical lead
To provide secure storage for the weapons and ancillaies

To provide supportto the range team as required

Timescales

'HSDV data andthe firing log shouldbe downloaded and supplied to the customer
atfrequentintervals so that strike yaw and effectiveness analysis can be carried
outin parallel with the tral

Pre-Firing | Pre-Activity Checks

Al personnel are to be briefed and sign the Hazardous Actvity Safety Briefing
form, confirming their understanding of the hazards, prior to any firing.

The TOis to ensure that CCTV recording is in use for all hazardous activites
Priorto firing,instrumentation safety andfiring checks are to be conducted. Test
firings may be cartied ouitto ensure Impact point and velocites are {o the required
accuracy.

Authorisation tofire frome TN/ TO s to be given afterthey are safisfied with the

correct tial layout, the Range is “Active” and il personnel are under cover or
outside the Weapon Danger Area (WDA).

Unofficial
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Explosive Demolitions — Misfires and biinds.

Explosive demoliions are not anicipated for this task.

In the event of a weapon misfire / stoppage, the TO should cary out the
Immediate Action (1A) drillto clearthe weapon. fthe IA drill doesn't work and itis
suspectedihata ive roundis nthe chamber, then the TO will observe a 10 minute
waiting period.

All personnel are to remain under cover during this time.

‘Once the 10 minute waiting period has elapsed, the TM / TO shall proceed with
clearing the weapon utiising Armoury assistance if required.

1 a good srike has been observed on the percussion cap of the round, then its to
be put into a suitable container, marked as containing a misfired round and
returned to Magazines for future disposal

'MOD Form 9068 is to be completed with the date and time of the Misire.
Magazines

Receiptammunition and provids issue vouchers to the T forinclusion inthe proof
file.

Inspect ammunition for any defects, and notify the TMif any are declared.
f there is any doubt that the ammunition is unfitto fire the TM is to be informed
immediately andthe ammunition segregated pending advicefromthe customer as
tothe safety and suitability of the ammunition for testingfiring.

Conditioning

No ammunition s to be conditioned during this trial.

Unofficial
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5 FiRe COVER AND MEDICAL REQUIREMENTS

54 Fire Support Team Provision

511 Fire supports not required for this rial; all ammunition is of an inert natre.

52 Medical

521 The likelinood of an accidentresulting in njury on range s low but not impossible.
Atleast one member of the Trials Team s fo be a Balisic Trauma rained First
Aider Other Ballistic Trauma trained personnel are available on site should they
be needed in the event of an emergency.

522 The Safety Brief given by the TO shallidentify the First Aid and Balistic Trauma
trained personnel

Unofficial
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6 TRALS ARISINGS

64 Disposalinstructions

611 Surplus ammunition is to be retained for 30 days after tial completion. Unless
otherwise requested by the customer and contractually agreed, QinetiQ will
dispose of the ammunition after ths time.

612 Al fired cases and empty ammunition containers are o be retumed to the
magazines after Free From Explosives (FFE) action

613 Any unfired ammunition is to be retumedto the magazines in a sealed box and
marked ‘Frac’ as required and the quantity amended on the box.

Unofficial
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7 Reremences

71 Qinetia OME References.

711 OME - Breakdown and Disposals SAFINSI0164
712 OME- CertiyingFree fromExplosives SAFINSI0165
713 OME- Electical nstallaton SAFINSI0169
714 OME-EMC, Static and Lightning SAFINSI0170
715 OME-Explosives Classifcaion SAFINSIOTT
716 OME-Explosives Processing SAFINSI0172
717 OME- Fire Safety SAFINSI0314
718 OME- Firearms Ammunition and Weapons SAFINSI0527
719 OME-MannedLive Firing of Small Arms saFic13z00
7140 OME ~Trials Actviies and Proof Firings SAFINSIO188
7111 OME - Free from Explosives Cerficate SAFFRMI0059
7112 OME -Thunderstorms SAFMI48I0Q
7443 PEN -Range Standing Orders SAFICOSTMS

Unofficial
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72 QinetiQ Pendine References

721 Ranges and Facliies Safety Case Part 17: Pendine Safety Case:
QINETIQMSMD/SCR1502586

722 Ranges and Trials prep and de-prep fisk assessment Q0-PEN-TrialPrep-2
723 Deploymentof 240V equipmentin splinterproof sheters: InstNo 010
724 Deploymentandoperationof Weibel radar: QO-PEN-INST-019.

725 Deploymentof permanertlightingand photographic mirrors: QQ-PEN-INST-

015
726 HeadProtection PPE PENRangesPPEND1
727 FoulWeatherClothing PPE PENRangesPPEO7
728 OverallsPPE PENRangesPPEN0G
729 GlovesPPE PENRangesPPEI03
7240 HearingProtection PPE PENRangesPPEI03
7211 FestPPE PENRangesPPE0S
7212 Drvingonsite Diing012013

73 MoD and Customer References

731 JSP403,Vol2, Edition 3, Change 6 - Ch. 19, Fig 19-2 WDA SA Templates

Unofficial
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8 Aeeevox
A TrialProgramme
A1 Location of saff while fiing is undertaken
A11 Duringfirings the buttparty will be undercover n the Instrumentation Building.

‘The firingteam will position themselves in the splinter proof shelter provided.
‘The instrumentation operator will position themselves in the biue Portacabin
provided during the firings.
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B.  Resource Requirements
BA  Personnel
ole ‘Number | Comments
Required
o T o be Ballse Trauma raimed.
Toagers TFirers TG b€ STinger /Banksman Tamed.
TRSTUmENEon | T TX operarTor Veloeiy Capire
2xPhotographic
B2 Transpor (including Plant & Machinery)
B21  The transport resources manager i requested fo supply a 6 fon tele-handler

‘and tractor with trailer for the uration of the tral.
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Safety.

General

‘This documentforms the over-arching framework for all activity related to this
rial, As such, the TM andlorthe TO areto ensure that all personnel involvedin
the frial botn directly andindirecty (e g. range visitors) read and understand his
TestPlan and s associated appendices.

A safety communications briefing is to be given by the TM or TO to all
personnel involved in the actviy, including contractors or visitors. This brief
shallinclude, but not be imited 0, a summary of the following information

. Emergency procedures in the event of an incidentiaccident

. Identification of First Aid and Ballistic First Aid trained personnel.

. A full brief on the procedures and data capture requirements of the.
rial

All personnel are to acknowledge and acceptance of the above by signing
range safety brief form (SAFF151MS/2.0) after receiving the safety
‘communications brief from the TO/TM

Unofficial





image40.png
QinetiQ Trial Conduct Document Page230f32

Unoficar

€2 DangerAreas

€21 The Weapon Danger Areas (WDAS) have been obtainedrom JSP 403 Volume
2,Edition 3, Change 6, amendment 2, Fig 19-2 WDA template SA, Dated Feb
13_The 6.5mm WDA is not includedin the JSP, however authoriy has been
given from DOSG to use the 7.62mm WDA for tis calibre.

C22  SeaareaBoclear. Sands 1,2and 3 clear.

€23 556,65 and7.62mm weapons shall use the following danger trace:

1 for 556,654 7.62mm wespoms, 60 100,200, 30,10, 50)
700 0 300m rom etage
DA akenifom 9 403 Vohme 2 Eion s hnge .
retecenc-ofocorcs o s aarss

A Dangr et 15001

€24 9mmWeapons shall use the following danger trace:

WOA for Smm wespors, 6, 100,200 300mfom h g,
WOA akanfrom 5 403 Voume 2 o 3 Chnge 6.
Reeroce /DEOICST0/s9/5/2Mar 98

Opaing ng: 270 s e g g scot
Ching ng: 800 s

Coneat e comis

Recchet Wi 200m

Uneal e 201 Degrees 668

ooy
Oosgton

anncadt:
ousignrn:
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Explosive Storage.
Explosives Quantities and Hazard Types are to be communicated to Range.
Control at the start of each tial day. Range Control is to calculate the Green
Linefrom the information communicated, and display the hazardous area on tie
range map.

“This task comes underthe scope of the Range and Facilfies Safety Case Part
17: Pendine Safety Case V3.1, dated 30th Jan 2015,

‘Where hazards posed by an activity e not contained withinthe Pendine Safety
Case, an addilional Hazardous Activities Risk Assessment (HARA) will be
‘compiled and included in the rals fle.

HARA for Handiing of bullet cores with tungsten of lead content is to be.
included in the tial file.

‘Control of Substances Hazardous to Health (COSHH)
No COSHH assessment required.
Noise.

Acoustic forecasts are not required. Anticipated noise levels do not exceed
1350b atrange boundary.

Ear protection must be worn by all personnel at the firing point.

Unofficial
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€6  ThePersonal Protective Equipment (PPE).

TaSKTAGIVIY PPERequied

"Range Prep and de-prep: | Safely Helmetto BS EN 397 Z0T2+ATZ072 7995 |
Fiingthe gunto, and | Gloves to BS EN 407

removingthe gunfrom

the mount ‘Safety Boots to BS EN 20345 A

High visibility jackets to BS EN 471

Alpersonnelinthe.
magazines when
preparingthe.
ammunition

Tonducing Sately Book o BSENZ0335A |

Flame Proof overalls to BS EN SO 11612:2008.

“ATpersonnelonfange
‘when handiing
ammunition,loading and
unioadingthe gun

Sarety boots 1o BS EN 20395
Ear protectors to BS EN 352

‘Gloves for handiing hot barrels to BS EN 407
Wetweather clothing to BS EN 7749-11995.

[ WEnTiring o weapons

Eye Protecion o BS EN 1662002 (MUsTiave CE
markings) as per Risk Assessment PPEQ0S.

Boots 1o ISO EN 20 345 53
CombatBody Armour
Ballistic Head protection

Double hearing protection.
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D. Range Operating Procedure
DA General
DA1 The firng facilty is an open range, giving 25 metres to 1400 metres from

D14

D15

D16

D47

D18

D19
D10

DAM
D112

D113

weapon fo target. The line of fire is fixed at 201 Grid.
“The target area (Buts) consists of a hard standing area for location of targets /
burster plates and there is 2 sand impact area builtinto the sand dune on the
endofthe range. There s an instrumentation buildinglocatedtothe east of the.
Butts which is protected by a Pendine Block wall and a sand dune traverse,
‘which can be used as hard cover when firing.

These procedures areto be usedin conjunction with Pendine Range Standing
Orders.

‘The Trials Officermust be fully conversant with these orders before firing is to
commence.

The MOD Range 9068 Log is o be kept up to date at all times
‘The Range s suitable for Small Arms Balistic, Accuracy, Solid Shot, Explosive.
‘Shot Penetration, Explosive Effects, Incendiary Effects and Trace shoots with
the following limitations:

No calibre largerthan 30mmis to be fired.

All of the above usage is based upon the WDA template fiting within the.
Pendine Range Boundary.

There will be a First Aid box and Ballistic Trauma Kit on Range at allimes.

Al radios that are required are to be checked to ensure they are in working
order.

Range Controlis to be made aware of the firing plan.

Range Control isto be made aware as o if tracer ammunition s to be fired and
colour.

Confirm that the WDA template in the Test Plan is the same as the one being.
used by Range Conrol

Unofficial
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D2 Amivalon the Range / Priortofiring.

D21

D22

D23

D24

D25

D26
D27

D28

D29

Check communications with Range Control on arrival on range by radio and
telephone, requestan Alarm Testbe Carried out with Range Control and report
“Alarm Correct / Incorrect” to Range Control. No firing is to take place unil a
satisfactory Alarm Testhas been carried out

Drive around Danger area boundary andlock/ close those barriers as detailed
inthe appropriate TestPlan. Ensure thatRange Control s informed each time.
a barrieris closed. Whilstcompleting this task a visual check should be made
with particular attention to surrounding fammiand area, to ensure thatno memoer
of the public s within the area. This aiso includes the Dune line.

On_completion of area checks, raise flag Red “Danger” Flag at barrier,
‘depending on which barteris to be used for access into the Range and inform
Range Conirol of the barriers that have been closed.

Check Safety Camera system.

Once ammunition has been ransferred to the Range, the Range is 1o be.
Blocked.

Ensure that al personnel on Range have ear defenders.

Ensure all visitors have had a range safety brief given by either the Trials
Manager or the Trials Officer.

“Trials Officeristo ensure thatheis aware of the number of personnel on range.
andtheir locations.

“The Trials Officer will take control of all range safety keys.
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D33
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D36

D37
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Pre-Firing Checks

Check all equipment s in date for test, calibration and in working order

All ammuntionfortest has received the correct amount of conditioning and at
the correct temperature f condtioned.

Ensure that all personnel on range are accounted for and undercover
Checkthat there are no obstructions betweenthe firing point andthe fine of fire.

Ensure the weapon required for the test has been checked then fitted and
‘secured in the weapons mount correctly.

Ensure fire cover on site if required for the pariicular test that is being
conducted.

Request the Range to be made Active with Range Conrol

Unofficial





image46.png
QinetiQ Trial Conduct Document Page290f32
noffiiar
D4 Firing
D41 On receipt of Range Aciive from Range Conirol the Trials Officer contrls all

D42
D43
D44

D45

D46

D47
Das
4o
D40

D4
D412

D413

D44

D415

movement within the range area.
“The Trials Officer is to monitor all radio traffic on the range radio.

A safetyvideo monitoring system is to record all actvity when range is active.
Bore-sighting—The bore-scope s o be attached to the chain / key of the bore-
scope at all times. Once the key is tumned to the on position, detaching the.
bore-scope fromhe Safety Box, a beacon /sounder operates, thus alerting all
personnel that the bore-scope has been inserted. When the bore-scope is
retumed o the Safety Box and the key is tumed off, the beacon / sounder
ceases to operate.

On every occasion when bore-Sighting has been completed, the TO and one.
independent person will check to ensuire the bore is clear.

To avoid confusion, when operating the communications equipment the
following guidelines are to be observed;

All conversations are to be repeated and confirmed.
Phonetic alphabet s to be used when spelling words
Allirrelevant conversations are not to be encouraged.

Priorto the firstround being loadedthe TOs to ensure thatthe range has been
made “ACTIVE".

The TOis to monitor al traffic on the range safety radio.
On occasions where the butts are mannedduringfiring the TO s to ensure that
allpersonnel are under cover before Ioading the weapon. They are to ensure.
that_communications_are_established and maintained using radios or
speakerphones as appropriate.

f at anytime any personnel sees or hears anyihing that they believe is placing
personnel or equipmentin danger, they must haltiring progress immediately.

Nomovementforward orfromthe butt is permitied without permission fromihe.
Trals Officer.

If all citeria have been met the weapon can then be loaded and fired in
‘accordance with the firing instructions.

Unofficial
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D5 Movement Forward.

D51 If access forward of the weapon is required the following actons are to be
aken

« Reportof “Gun /Barrel Clear”

« Ammuniion secured and boltremoved from weapon If possible.

= The person going forward is to have the building keys, fiing key (f
electrically iniated), or boltin his possession.

« Break cover procedure for personnel nthe Butsisto be controlled by the
Trials Officer.

D52 Following completion of tasks forward of the weapon, the Trials Officer
concemed must ensure that il personnel are accouned for, and that all
personnel forward of the weapon are back undercover, before continuing o fie.

D53 When fiing is complete the weapon is to be checked and Gun/Barrel Clear
passed o the Trials Officer.

D54 Oncompletion of all fting nform Range Conirol that he Range is Blocked”

D55 Inthe case of emergency shout “Stop Firing” o “Stop! Stop! Stopr”

D56 Ifatanylimethe safely alamis heard, fiing i to stop immediately unii such
ime that Range Conirol give permission fo contine.

D57 If communications are lost with the buts during firing, firng is to siop.
Immeditely and willnot esume until communications e re-estabiished. The
O, s the only person on the range who can give personnel in the butt
permission to break cover.

D58 In cases of emergency, when there is 2 need to evacuate the but, he firing

point s to be informed using the radio / speakerphone. All personnel are to
ensure thatthey do not exit into the fine of fire.

Unofficial
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D6 Accesstothe Range;

D61

D62

D63

Fromthe time that the range is “Blocked”,to the time that all firing is complete,
andthe range is “Open, he Trials Officér controls access to the range.

Accessto the range is via barrier dependent on which one has been allocated
s the access pointto the Range. All personnel are to obtain permission from
either the Range or Range Control before entering andto inform range when
clear. The Range has a working telephone in the Instrumentation building.

f noreplyfrom the Range, contactRange Control to ask forfurtherinstructions.

Do not assume that if no reply received fo telephone or radio calls from the.
range thatitis safe to proceed onfo the Range.

Unofficial
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D7 EndofFiring;

D74 Oncompletion of allfiring, inform Range Control that the Range is ‘Blocked.

D72 Noweaponwillbe handled or handed over withoutfirst going through the drill
for ‘unloading' and ‘examining the chamber to ensure that tis clear.

D73 Aweapon mustnever be pointed at anyone at any time.

D74 Aweaponwillnotbe removedfrom any mount unil it has been unioaded and
‘examinedto ensure that itis safe. Even i dificulty is experienced, unloading
mustbe accomplished before the weapon is removed.

D75 On completion of firing all ammunition is to be secured. The Trials Officeris
thento:

D76 ReporttoRange Control that Range is “Open’.

D77 Lower the Red “Danger Flag on Barrier once all ammunition clear of the
Range.

D78  Secure all buildings.
D79 Complete Range Firing Log (MoD Form 9068). Record any incidents.

D710 Retum all keys, radios to Range Control.

Unofficial
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