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Consider the potential different ways to test the UK in service Enhanced Paveway II munition. The test should provide information on the accuracy and warhead performance.
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[bookmark: _Toc487412942]Abstract
The warhead performance can be measured in multiple different ways but the author of this report believes the use of photography is the most effective way of calculating the warhead performance. The method of using two cameras positioned around the detonation area to capture suitable video of the detonation at high speed. 
In the trial design pictured in 3.2, the design of the trial is pre agreed with the customer and the data capture team to ensure we have the required design to produce the results required. This design will also provide a scale for the cameras to calculate warhead effects and munition accuracy.
The laser system integrated on to the EWPII has a wavelength of 1.06um. Therefore a laser camera capable of visualizing this laser designation and therefore will be able to position the real time location of the laser spot.
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1. [bookmark: _Toc487412943]Introduction
The UK test and evaluation (T&E) has been set out to produce the latest assets for use within the ministry of defence (MOD)  this system also ensures the latest assets are kept up to date and fit for purpose.
Essentially the UK T&E is involved in very dangerous work that is run by procedures and safety critical assessments. This work requires a very high safety critical environment with innovative thinking.
The process outlines the trial process required to assess the warhead performance and accuracy of a EWPII. This assessment will include detailed observations of the guidance capability of the test asset, and will measure the terminal ballistic effects of the warhead. (1)


2. [bookmark: _Toc487412944]Enhanced Paveway II
The EPWII guided munition was introduced to the RAF in 2001, this was a response to the heavy media response to the RAF’s involvement in the Kosovo war. The low accuracy of the previous unguided bombs only had ‘3’ confirmed hits in the whole Kosovo war, this is what led to the requirement for guided munitions that ensured a higher a probability of the munition accurately detonating on the intended target.
After the Kosovo war there was a report written to conclude the findings of improvements from the involvement during the war, this report was called “Fourteenth Report”, the findings of the RAF’s involvement in the war as “The lack of all-weather capability to deliver precision-guided weapons from the air severely compromised the RAF's and the Royal Navy's effectiveness” (2)
As a result of the findings from the “Fourteenth Report” the UK had to develop the capability to provide resilience against mobile and static targets, with the capability to initiate against these targets 24 hours a day in all varying weather conditions. 

Specification
[image: Image result for GBU-16]
	Length
	3.68 m

	Diameter
	0.42 m

	Fin Span
	1.6 m

	Weight
	545 kg (1201 lb)

	Warhead
	MK-83, 1000 lb, General Purpose Bomb

	Explosive 
	Tritonal  

	NEQ
	202 Kg

	Guidance System
	Laser Seeker & GPS-Aided Inertial Navigation System (GAINS)

	Compatible Aircraft
	Typhoon FGR4 & Tornado GR4


 (3)

2.1 [bookmark: _Toc487412946]Command Methods and Guidance
The guidance system integrated on the EPWII was built by Raytheon, the guidance system uses both GPS and Laser systems to provide a dual function capability. 
The laser guidance system that is integrated on to the EPWII utilises a semi active seeker. The seeker unit must be provided with a laser designation against a target for it to be provided with specific coordinates to direct the munition towards.
The problems that are provided when utilising laser systems is that due to the varying weathers at the upper atmospheres the laser can be distorted when trying to acquire a target therefore there is a requirement to have a secondary form of acquiring a target and this is utilised by the GAINS guidance system which utilises GPS. (4)
Laser Guidance
When considering the laser guidance system integrated onto the current in service UK fighter aircraft; Typhoon and Tornado, the Rafael LITENING III laser designator pod (LDP) has been integrated onto both aircraft for use on both fighter aircraft. 
LITENING III Laser Designator Pod (LDP) - Specifications
[image: ]
	Length:
	2.20 m

	Diameter:
	0.406 m

	Weight:
	 208 kg (455 lb)

	Laser Type
	Class 4, Neodymium yttrium aluminium garnet (Nd:Yag)
Diode Pump Laser conforms with NATO Std. Coding & Eye Safe

	Power
	140mJ

	Pulse Duration
	20ns

	Pulse Frequency
	20Hz

	Beam Divergence
	0.12mrad

	Wavelength
	1.06μm (Designator), 1.57μm (Rangefinder)

	Sensors
	Infrared detector, CCD-TV camera, Laser Rangefinder/Designator  (5)



The information displayed above outlines the specifications of the LITENING II LDP, the laser type classifies this laser as ‘class 4’ this therefore brings extra considerations when testing the LDP, as this classification of laser is classified as a weapon under the MOD publications, therefore extra safety requirements must be put in place when testing this LDP. Due to the laser operating in the infrared (IR) spectrum, it is possible for IR cameras to provide video capture of the laser spot when the LDP is designating against a target.
GPS Aided Inertial Navigation System
GPS Aided Inertial Navigation System (GAINS) is designed to act as a secondary means of target acquisition within the EPWII, this therefore means when the laser is fouled due to weather issues the GAINS should be able to provide an accurate alternative means of target acquisition. The accuracy of GAINS is slightly inferior when compared to the LDP but this secondary means of target acquisition also provides highly accurate alternative means of target acquisition. 
The GPS utilises the aircrafts on board datalink, this provides the EPWII with an accurate release location, the bombs built in GPS then takes over after the release of munition to direct it to the intended target to an accuracy of approximately 6 metres. 

From the last inputted GPS location the GAINS uses solid state gyroscopes and accelerometers to conduct an internal assessment of the munitions flight path. The information collated from this process is then fed into the EPWII logic controller, this then outputs a signal to the on board canards to direct the munition towards the intended target.  (6)
3. [bookmark: _Toc487412947]Trial Conception
The considerations required to conduct this EPWII warhead performance and accuracy trial are very vast. It is essential to consider all possible locations and set ups to ensure the requirements are all met.
Some of the considerations are detailed below;
· Location
· Danger Area dimensions
· Air routes
· Undercover facilities
· Data capture facilities
· Communications
· Range safety procedures
· Staff competencies.
Some of the above points will be expanded in the following sections of this report.
3.1 [bookmark: _Toc487412948]Trial Location
QinetiQ offers many different sites across the UK, not all of these locations are set up to accommodate air to ground bomb drops, as many of the considerations above are not met on all sites.

Trial requirements can be met by the use of more than one activity, the first activity will be a ground detonation of the warhead to provide in depth detailed warhead effect data. This trial can be conducted at numerous locations across QinetiQ, the author believes either location to be acceptable and Range availability to be a key factor when deciding upon the intended facility for use.

Reasons for the choice of Range are;

· Both of the above locations have vast experience in conducting this type of ground detonation activity.
· Range procedures are already written to be able to accommodate this work
· The approximate weapon danger area (WDA) can be accommodated in each location.
· The instrumentation required for the trial is all already available on site.
· Undercover facilities have been purpose built and provide good welfare and safety positions during the detonation.

Alternatively the warhead effects and accuracy tests can be conducted as a single test of the munition. This test will comprise of the EPWII bomb being dropped from a pre agreed height from a Typhoon or Tornado, against a known target position on the ground with an arena type set up around the intended detonation position.

West Freugh has been selected as the ideal area to conduct this activity. West Freugh can be utilised as the test facility for the following reasons;

· Vast knowledge of conducting bomb drop trials
· Range procedures do not required to be altered 
· WDA can be accommodated.
· Instrumentation is already available
· Camera positions are already in place
· No air routes are limiting aircraft flight on Range.
· Ground to air communications are already in place
· Safety radar already in place.
· West Freugh is positioned close to nearby RAF facilities.

3.2 [bookmark: _Toc487412949]Target Design
[image: ]

The target design detailed above has the use of; LDP detection system, witness plates below the intended detonation location and around the intended detonation location.

Taking into consideration that the LDP has a possible location error of around a meter; The LDP detection system should be designed with this in mind, therefore making the LDP detection the size of at least 2m x 2m this eliminates the 1 meter possibility of error. 

The fragmentation of the warhead effects will be collated by the use of strawboard packs located in a semi-circle around the intended detonation location, these packs will be stacked sufficiently on height to ensure the capture of the warhead effects is captured.

The witness plate detailed in the above picture is to provide a stable surface for the LDP to sit upon.


3.3 [bookmark: _Toc487412950]Range Infrastructure required
MOD West Freugh procedures can be found within the West Freugh Range Standing Orders (RSO) (7)

Control of Airspace
The Range Danger area as defined in the UK AIP, This airspace will be controlled by a NATS qualified Air Traffic Controller (ATCO). The ATCO will clear the Range Danger Area of any intruding aircraft as well as directing the trials aircraft towards a pre agreed point of release for the aircraft. This communicated to the Trial Conducting Officer who then gives the ATCO and trials aircraft authority to release the munition.

Weapon Danger Area  Control
The Weapon Danger Area can be controlled from Ground Control where the TCO will be located, many different safety critical areas such as marine clearance and land clearance provide the TCO with a clear area to drop the test munition on to, this therefore prevents any chance of the intended test munition causing any harm to the public or Range personnel.

Trials Conduct
The setup of the trial site is all completed under the control of competent safety personnel within the roles of the set up but the overall responsibility for the setup of the trial site lies with the TCO who ensures that the customers’ requirements are being met as well as ensuring the trial set up matches that detailed in any previous governing documentation.





4. [bookmark: _Toc487412951]Instrumentation Required
[image: ]
4.1 [bookmark: _Toc487412952]Measurement of Ballistics
The witness plate required in the above layout is used to set out the ability to capture the warhead effects when attempting to penetrate the pack. The sheet metal used in this pack will have pre-defined specifications from the customer to ensure the data captured meets the customers needs. 
4.2 [bookmark: _Toc487412953]Blast
There are many varying methods for attempting to collate blast effects. Piezoelectric gauges are cheap alternative to expensive options, these provide a cheap alternative but also provide the required high accuracy data from the warhead effects upon detonation. 
The gauges detailed above use avery small voltage current and a result from the high pressured blast from the warhead detonation crush the piezoelectric crystals. 
4.3 [bookmark: _Toc487412954]Photography
With the speed of the munition hurtling to earth from the upper atmospheres high speed cameras are required to capture the accuracy of this munition, scales  will be required to be added to the trial design to ensure the distance from the intended detonation location. 

The LDP as defined previously operates within the IR  spectrum, therefore a camera with the potential to detect the laser spot will provide an accurate location of the laser spot with reference to the target, this can therefore give the data capture team the possibility to provide the customer with accuracy of laser spot data.
The above detailed cameras will be positioned in such a location to be suitably away from the effects of the blast to prevent additional cost to the project whilst also capturing the required data.
Safety cameras are prepositioned around the Range to ensure the TCO can visually clear the immediate area around the detonation location to ensure members of the public and Range personnel aren’t harmed.
5. [bookmark: _Toc487412955]Risk Management
The MOD has a strict risk management policy, due to the nature of activities it is essential to ensure all risks proposed by the activity have been considered and effectively managed.
Potential risks from this test is;
· Storage and transport of the munition
· Prior history of the munition
· Defect or failures within the munition
· Use of the Class 4 laser
5.1 [bookmark: _Toc487412956]Trial Safety
QinetiQ also adopts a very strict risk management process and throughout a trials life the following topics must all be considered throughout the projects life. 
Hazardous activity management
Prior to the conduct of any trial a competent person must turn the customers’ requirements into the forms QinetiQ adopt; Trial Conduct Document, Hazardous Activities Risk Assessment. Once this documentation is detailed it must then go through peer review by safety personnel within QinetiQ to ensure the outset documentation proposes a trial with a degree of risk tolerable to be conducted on Range.
Personal Competency
When conducting the highly dangerous trials on Range the competency of staff is essential within safety critical roles on Range, the competency of the Range staff is assessed by qualifications and experience then finally signed off by a qualified person.
5.2 [bookmark: _Toc487412957]Storage and Transport
One potential hazard when conducting a trial on Range is the ability to transport and store the munition under test, as this munition will never be delivered on Range as it will already be in place on the aircraft required for the test at an appropriate RAF base.
Although this munition isn’t going to have any storage and transport risks associated with it for this trial should another trial be conducted a munition must have an appropriate Explosive Storage and Transport Certificate (ESTC).
5.3 [bookmark: _Toc487412958]Defects and history of EPWII
These parts of the munition are highly sensitive as they contain many things located within the chemical make up of the EPWII, as this is sensitive the author will not be detailing the defects and history but for the needs of this assignment the defects and history of the munition are always considered prior to the trial being conducted and is detailed in the relevant documentation but will be briefed to all personnel who may come into harm with the hazardous substance.
5.4 [bookmark: _Toc487412959]Laser Hazards
With the knowledge of the classification of the laser it can be assumed that this laser will cause serious harm to any person that comes in contact with the laser beam. Due to the possible effects of the laser all reflective surfaces around the detonation area will be matted black to prevent any reflection hazards from the laser, all person within the hazard zone of the laser will be undercover in building with windows covered to ensure there is no chance of any health risks from the laser.
All laser specific hazards with be documented within the HARA.	
6. [bookmark: _Toc487412960]Conclusion
In conclusion I believe this detailed report provides a solution to meet the assignment brief. Although this report details a certain way of conducting the set out trial, the author believes the customer requirements could be captured better by splitting the requirements into two tests; an air drop accuracy trial and a ground based detonation. This strategy may add additional cost to the customer but will provide more realistic data.
I believe this report has furthered my knowledge when considering all the aspects of trials activities during the planning and conducting phases of the QinetiQ trial process.
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