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The purpose of this document is to discuss possible solutions to the safe testing of the Enhanced Paveway II Laser Guided Bomb, as detailed in the task description [1].

The report is structured to give a description of the variants of weapon, the carrying platforms, the guidance mechanisms employed, and potential testing regimes.

The test would be conducted in two parts, and is described in this report:

1. Laser Guidance / GAINS accuracy with inert / dummy bomb and active seeker, carried out on an Air Range.
2. Blast / Fragmentation effects with fully live bomb carried out statically, undertaken on a land range.

This combination of tests keeps the risk as low as possible, and utilises the ranges best suited to each particular test.
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1. [bookmark: _Toc487366156]Introduction

The purpose of this document is to discuss possible solutions to the safe testing of the Enhanced Paveway II Laser Guided Bomb, as detailed in the task description [1].

The report is structured to give a description of: 
· Variants of weapon,
· Carrying platforms,
· Guidance mechanisms employed,
· Potential testing regimes.

Consideration is given to the use of the weapon from an historical context.
Trials locations and target systems will be considered to give the safest possible outcome to the trial as well as the availability of instrumentation.

Conclusions are drawn based on the research undertaken, and from personal experience in the testing of this type of munition.

In all cases the trial will be conducted under guidance form the Ministry of Defence Joint Service publications, and local range safety and trial control documentation.
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The aim of this report is to evaluate the accuracy and performance of the UK in-service Enhanced Paveway II Bomb (EPW II). A number of potential issues need to be addressed:

· Does QinetiQ have the facilities to undertake such a test?
· Is the instrumentation available?
· Will there be disruption (noise) to the local community?
· Has the environmental impact been considered?
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The aim of this report is to provide the following Outcomes:

· Describe the munition under test.
· Describe the command and guidance methods.
· Identify a location(s) and target(s) for the trial.
· Describe potential data capture methods.
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[bookmark: _Toc487366160]2.1	Enhanced Paveway II History

The Paveway I laser-guided bombs had been used by the USAF very successfully in the later phases of the Vietnam war. The Paveway II follow-on development rectified two major shortcomings of the first version: the Computer Control Group (CCG) was significantly simpler and therefore cheaper, and the fixed tailfins were replaced by foldable ones. This feature in both "long wing" and "short wing" improved high speed delivery and increased stand-off range. Prototype testing of Paveway II guidance kits started in 1974, and production began in 1977. [2]

Paveway II guidance kits were produced for the 2000 lb class MK 84 and BLU-109/B, the 1000 lb MK 83 and the 500 lb MK 82 bombs. Lockheed Martin developed its DMLGB (Dual-Mode LGB) GPS/INS upgrade for Paveway II, and this became designated the Enhanced Paveway II. [2]


[image: Lockheed Martin has registered its new Dual Mode Plus laser-guided bomb as the 'Paragon' direct attack munition. (Lockheed Martin)]
Figure 1 – EPW II
(Image from Lockheed Martin Website)


The most current EPW II is the Lockheed Martin Paragon Package. Paragon integrates a low-cost next-generation GPS-aided inertial navigation system (INS) (GAINS) capability with Lockheed Martin's existing single-mode Laser Guided Bomb (LGB) technology, to deliver all-weather stand-off dual-mode precision strike accuracy (laser/dual mode) of less than 4 meters circular error probable. The guidance kit utilises INS/GPS for all weather engagements, dual mode (semi-active laser and INS/GPS) for moving targets, and laser-only in GPS-denied environments. [3]
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EPW II is designed to integrate seamlessly with all NATO and other countries aircraft currently employing LGBs and other direct attack munitions. It is fully compatible with 500 lb, 1,000 lb, and 2,000 lb warheads. [3]

Presently in the Royal Air Force the EPW II is carried on Tornado GR4 and Typhoon Aircraft. [4]

Worldwide multiple integration options enable the EPW II to function with any aircraft with the Full Interface for 1760/1553 equipped airborne platforms.
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The EPW II entered RAF service in 2001. EPWII is based on the laser-guided bombs Paveway II and have a modified guidance section and wiring to accommodate a Global Positioning System Aided Inertial Navigation System (GAINS). [4]

EPW II is fully autonomous in cases where there is cloud cover over the target which may obstruct the laser and prevent weapon guidance. In these instances, it is steered to the target using Global Positioning System (GPS) information as well as guidance from its on-board inertial navigation unit. [4]

In good weather, or where rules of engagement are more demanding, aircrews can guide the weapon to the assigned target using the laser guidance contained within both weapons. Laser designation may be provided from the air using a Laser Designator, or from forces on the ground using a laser target designator. [4]

LASER Designation

The laser used for command is a Rafael LITENING III Combat / Marker Laser. It was developed to provide a cost effective and reliable precision strike capability for aircraft. It combines a third generation day/night 640 x 480 resolution forward looking infrared camera and a dual wavelength eye safe diode pumped laser designator. [6]

The reflected laser beam from the target, either from the LITENING Pod or from ground forces illuminating the target are received by the seeker head of the bomb which follows the beam to the target. The accuracy of the laser guidance is approximately 1m. [6]

If the beam is lost then the bomb can switch to the GAINS system.



GAINS

The GAINS system operates when the laser designation is lost, due to bad weather, cloud cover, battlefield smoke, or laser failure. The GPS records its last known location just before the bomb leaves the aircraft. [7]

The on-board INS system constantly updates with signals from the gyroscopes and accelerometers as the bomb flies out, and if laser designation is lost, the INS feeds location information back to the control circuit, which in turn outputs signals to the canard actuators to guide the bomb to the target. The canards are operated by a compressed gas generator. [7]
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It is proposed to undertake the trial in 2 parts.

3. Laser Guidance / GAINS accuracy with inert / dummy bomb and active seeker.
4. Blast / Fragmentation effects with fully live bomb carried out statically.

[bookmark: _Toc487366164]Laser Guidance / GAINS Accuracy

Target Location

The proposed range to undertake this trial would be an air range with large danger area and facilities to control aircraft. The instrumentation also lends itself to this type of test.

The target would need to be placed at the centre of the Weapons Danger Area (WDA) with a safety trace designed for the release height of the EPW II.

The target for this part of the trial is to be a target structure with a reflector on the top. A heater in the body of the target will aid in its identification using thermal imaging. A cross painted on the reflector provides the aiming point for the laser.

Accurate surveying of the target and ancillary instrumentation will be required for post processing data analysis.

The figure below details the air range trial setup.
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Figure 2 – Image showing proposed trial setup.



Target Specification

· Target – this needs to be angled, and have a matt finish to avoid unwanted reflections.
· Heater – this needs to be environmentally friendly in order to reduce the environmental impact, and improves the chances of the aircraft locating the target.
· Phantom Cameras – protected within hardened shelters these cameras will give high speed, high resolution video of the penetration of the target by the EPW II.
· Infra-red camera – will give images of the laser spot on the target, ensuring the laser spot is in the correct place, and provide miss distance data when required.

This information should be enough for the customer to be satisfied in the accuracy of the laser guidance of the munition guided from the aircraft.

It would be possible to use a ground based laser designator with a slight change to the trial setup. The limiting factor of this scenario is the aircraft would have to approach the target from a particular direction, which may be compromised during the trial.

Accurate recording of the position of the target, which if provided to the aircraft, could result in the EPW II using its GAINS system to direct itself onto the target if the laser failed for any reason.

Air Ranges Safety Systems

The airspace is controlled by Air Traffic Controllers (ATCOs), who are in communication with Range Control and the pilot.

Airspace clearance is provided by the Primary Watchman radar to a distance of 80 nautical miles radius, and backed up by the Cossor Monopulse Secondary Surveillance Radar, which interrogates the aircraft for its identifier, height, and other relevant information.

Range control has access to sea surveillance radars, which monitor and track boats moving around the trials area. This information is used to define the location of the danger area.

Air Ranges Instrumentation

The Trials Control System is used to sequence all the different elements of instrumentation data capture equipment and safety and surveillance functions.

· Multiple Object Tracking Radar: The main tracking radar is MOTR. This radar can track the aircraft on range, and also track the munition to the target when released from the aircraft. It also provides a backup to the air traffic control confirming aircraft location within the trials area.

· 

· Hybrid Tracking Platforms (HTPs):  Deployed at various surveyed points around the trial area. They capture data from a number of sensors. The radar can track the aircraft, but there is an optical acquisition function allowing accurate position information to be fed back. HTPs can track the weapon from release to target impact. Presumably impact velocity can be recorded with this equipment.

· High Speed Digital Video:  Phantom Cameras will be deployed on the trial to record the impact of the munition with the target.  Triggering for the camera will come from the Trials Control System. The cameras are usually placed in splinter proof shelters and use mirrors to be out of the direct line of fire. Accurate surveying of the camera positions is required if accurate measurements are to be taken.

· Infra-red camera – Placed in a splinter proof shelter, the point of impact and the laser point on the target will be observed. Triggering for the camera will come from the Trials Control System .Accurate surveying of the camera positions is required.



[bookmark: _Toc487366165]Blast / Fragment Effects

This trial can be undertaken with the EPW II munition, but without the seeker head, canards, and fins, as these would just be destroyed for no reason.

The munition would be initiated using an RP80 or RP87 detonator, instead of the munitions own fuse for the purpose of safety and accuracy of timing.

Target Location

The proposed range to undertake this trial would be a land range with large danger area. The instrumentation also lends itself to this type of test.

The target would need to be placed at the centre of the Weapons Danger Area (WDA) with a safety trace designed for the potential fragment throw of the EPW II.

The target for this part of the trial is to be an arena, comprised of strawboard witness packs and velocity foils.

Accurate surveying of the munition position, instrumentation, bottom left corners of packs, and centre points of foils, will be required for post processing data analysis.

The figure below details the land range trial setup.


[image: ]
Figure 3 – Image showing typical arena trial setup.



Target Specification

· Target – this needs to be a semi-circular arena, with the velocity foils attached to the front.
· Phantom Cameras – protected within hardened shelters these cameras will give high speed, high resolution video of the penetration of the arena by the EPW II fragments.
· VAS and Foils – provides the fragment velocity.
· Blast Gauges – measure the pressure generated by the blast.


Land Ranges Safety Systems

The access to the range is monitored by the Trials Manager / Trials Officer and by Range Control. Closed barriers and red flags are flown to show an active range. All visitors are shown a safety video on arrival at the main reception

Radios and / or telephones are provided at all barriers and permission must be sought to pass through any closed barriers. CCTV is available on most trials areas and is used to ensure the range is clear before firing can commence.

Lookouts are placed at each end of the range and monitor the sea danger area for boat incursions and also the lower air area for helicopters and light aircraft which may have strayed off course.

Two sources of communication must be available at all time (radio, phone, mobile phone, etc), so that in the event of failure of one method, communication is still possible, especially in event of an emergency.


Land Ranges Instrumentation

The most important aspect of the trial is to capture the time zero (T0), the trigger time from which all the instrumentation is timed. The Reynolds Firing System generates this pulse, which is used by the Genesis, VAS and HSDV cameras to capture data. The CCTV, survey equipment and Stills camera do not require this signal. The HSDV also has a second trigger if required which is a break-wire wrapped around the munition. At detonation, the time of the break-wire failing will be recorded, giving an IRIG time of detonation.

· Velocity Analysis System (VAS):  Open circuit (make foils) would be attached to the fronts of the strawboard packs. These foils are connected back to the VAS by sacrificial cables. The penetration of the foil by a fragment causes a short circuit, which is recorded as a pulse on the system, which then calculates a time based on the T0 signal. Distance / Time calculations are then done to find the separate fragment velocities.

· Strawboard Packs:  Normally packs of 20 deep, 1016 mm x 762 mm strawboard banded together will be utilised for fragmentation capture. Strawboard Pack analysis is carried out away from the range, so accurate measurement of the position of the packs is crucial in providing accurate fragment dispersal patterns, which is usually required.

· Genesis Data Acquisition System:  A number of B12 piezoelectric Blast Gauges would be deployed at positions as decreed by the customer. Heights and distances are presumably where the maximum effects are likely to be observed (Mach Stems). A RHA protection pole is placed at least 10 pole diameters in front of the gauges to protect from fragments whilst allowing the reforming and settling of the blast wave having passed around the pole. The signals are relatively small so charge amplifiers will be used to amplify the signal, which is recorded on the Genesis DAS. 

· High Speed Digital Video:  Phantom Cameras will be deployed on the trial to record the detonation and impact of debris with the Strawboard packs.  Triggering for the camera will come from the Reynolds Firing System. The cameras are usually placed in splinter proof shelters and use mirrors to be out of the direct line of fire. Accurate surveying of the camera positions is required 

· CCTV cameras are deployed for safety monitoring of the site.

· Stills Photography:  A Trials’ Photographer is required to capture imagery of the trial setup and post-detonation photographs of the arena.  All imagery must be cleared using standard Range procedures before being issued to Customer or included in the Trials Report.

· Survey Data:  The position of the bottom-left corner of each fragmentation pack with respect to the store position is required.  The position of the centre of each velocity foil is also required.
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Air Ranges Test

There is a limited risk to this part of the test. The weapon is inert, and all handling and delivery is carried out off site, with the customer responsible up to the point of delivery.

The provision of the target and ensuring the correct laser setup (if illuminated from the target) carries some risk, but this is limited because the test has been done before, and experience has been gained in this type of trial.

Ensuring the WDA and laser safety area is large enough to carry out the test, hence a barge in a bay.

There is a risk of pollution from the battery in the seeker head of the EPW II.

Land Ranges Test

There is more risk to undertaking this part of the test. The munition is a live filled warhead which has to be delivered, stored, and moved to the trial area. 

The risks are mitigated by:

· X –ray radiography to confirm the state of the main warhead fill.
· The detonator not fitted until the munition is on the stand.
· The munition is stored in the purpose built magazine facility.
· The munition is only delivered when required to the test site.
· The minimum head-count during the trial, and competent people only allowed.
· CCTV used to monitor the test area at all times.
· Barriers and controls as described earlier.

The trial would be conducted at the test area where the majority of static tests are undertaken, an area already contaminated by other tests. The release of fragments other than those into the strawboard packs will be contained within the safety trace.

All staff will be undercover in protected buildings whilst the munition is detonated. CCTV is used to ensure a full order detonation, and only the Trials Officer will go forward to check the area is clear, before allowing staff to ‘break cover’.

The Reynolds Firing System requires a safety key to operate. At all times, until the point of initiation the key is retained by the Trials Officer so that no inadvertent operation of the Reynolds can take place.
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It can be concluded that the Paveway family of guided bombs has been in service for a significant time, and as such has a history of being safe to handle, and operate. This includes the EPW II. 

Carrying out testing in two phases reduces the risk of unintentional damage to a minimum. 

· Air ranges are specifically set up to conduct air dropped testing.
· Land ranges can carry out detonation of munitions in a controlled manner, with exacting tolerances on equipment setup for accurate results.

Results can be combined using modelling and vector mathematics.

The ranges have the safety systems and experience in place to carry out these tests safely.
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It is recommended that an investigation be carried out to see if QinetiQ has the facilities to carry out the tests in one go, using a fully live warhead dropped from an aircraft, and guided onto target, which would also have the strawboard pack arena around it.
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