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Introduction to Insensitive munitions
Insensitive munitions (or IM) are fundamental in todays advanced munitions; it has come about as a result of past military disasters where the outcome of the events has been catastrophic in both cost and manpower.
The origin of insensitive munitions can be dated back to July 1967 to where the USS Forrestal met its fate. This event in particular started the conformity of the NATO STANAG, (North Atlantic Treaty Organisation Standardization Agreement) compliance for any in service munition to have a tolerance to any stimulus subjected to it. This compliance categorises the different chemical make-ups of energetic materials into reaction types when undergone any deliberate threat attacks towards it.
USS Forrestal Disaster	Comment by john: Good approach.  Starting off with a description of a problem situation, particularly a dramatic one like this, is an excellent way of engaging attention.
The event of the USS Forrestal fire in July 1967 was a series of events that unfolded due the accumulation of unforeseen incidences and critically argued improper practices. The first being an electrical surge upon the flight deck from an external to an internal power source switch which caused the initiation of the Zuni rocket. The second being the lack of the safety arming pin on the rocket that discharged as a result of the power surge. An investigation by US Navy officials has surmised the cause of this was the ‘Remove before flight’ tag had been pulled out due to gale force winds across the flight deck [1]. This incident was a step that could have been quashed if the safety pin was acknowledged, as well as the weapons loader connecting the rocket pods ‘pig tail’ loom to the aircraft too early. The US Navy operating procedure states that the rocket pod’s ‘pigtail’ is to be connected moments before take-off [1]. The biggest ignorance in this event was the supply and delivery of the ageing 1000lb AN-M65A1 bombs on board [2]. This defective munition was surplus ammunition which was from the Korean War era of 1953, which had been subjected to extreme temperatures during that theatre of war. Observations of the delivery of the Composition type B bombs was that reports from the sailors loading saying that they were ‘leaking paraffin phlegmatizing agent’ [2] from the casing, phlegmatizing agent being the substance that is added to the compound to desensitize it. Also the fact that the original crating that these were delivered in had manufacturing stamps of 1953 dating back to the Korean war, but other reports from unnamed service men claim some of the delivered air dropped bombs to have WWII era date markings.
The last events in this disaster was that the 5 inch Zuni rocket was launched across the flight deck, hitting a A-4 Skyhawk which was fully laden with its payload in preparation to take-off. The Zuni rocket struck the aircraft, . Aalthough the warhead did not detonate, the impact tore the fuel tank, leaking aviation fuel all over the flight deck causing a liquid fuel fire (or fast cook-off) which lead to the detonation of the 1000lb bombs after 1 minute and 36 seconds since after the initiation of the fuel [2] and others in the vicinity. A total of nine 1000lb bombs had exploded, eight due to the fast cook off and one caused by sympathetic reaction. This disaster cost a total of 134 service men’s lives with 161 injured.
NATO IM Testing
After these past disasters, NATO issued a standardization agreement to all of the forces operating under its jurisdiction. This in short means that all forces in alliance to NATO using any munition that is either bespoke or a common standard amongst territories must adhere to the STANAG test compliance.
These tests are broken down into sub-categories according to their test scenarios, which have reference numbers assigned to them. In each category, for example, STANAG 4241 (Bullet Attack), this test is carried out in accordance with the test set-up specification or procedure issued by NATO. These specifications are items such as bullet weight, velocity and blast measurement arrangement which are specified with figures. They are as follows;	Comment by john: If you cite something specific, it needs a reference in your reference list
12/24m impact drop					STANAG 4375
Fast Cook off (Liquid Fuel Fire)			STANAG 4240
Slow Cook off (Slow heating at 3.3°C/hr)		STANAG 4382
Sympathetic Reaction					STANAG 4396
Bullet Attack						STANAG 4241
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Research Methods\NATO IM Reaction table.PNG]High/ Low Velocity Fragment Attack		STANAG 4496	
These tests, once the test item has been subjected to stimuli, is rated against the reaction type from 1 to 5 to ascertain how volatile the munition is. The outcomes of these tests are defined into reaction categories to determine the safe probability for in service use. These reaction type assessments are broken down into;[3] NATO IM Testing and Assessments


Type I/II	-	Detonation/ Partial Detonation
Type III	-	Explosion
Type IV	-	Deflagration/ Propulsion
Type V	-	Burn
Type VI	-	No Sustained Reaction
The categories for IM tests are to put the munition in question, weather the chemical make-up has been modified or a newly designed munition due for in service use under the trial by extreme measures for that particular threat. 
The Question: What makes IM Testing valid?

STANAG testing has come about to assess and reduce the risk of any future threats towards in service munitions, service men/ women and military hardware. The validity of the IM tests that are carried out in today’s environment is a basis of the scenarios that are staged in a controlled environment to replicate real life threats. But the main question is what makes the tests that are carried out today that adhere to IM compliance an accurate scenario? Whether it is the set-up, the type of propagation method or the selection of stimulus specimen used to induce the effect of the worst possible outcome that the test asset is undergone.	Comment by john: The line spacing and word spacing changes in a couple of paragraphs (including this one).  Best to check for uniformity.

The validity of the tests is impeded by factors such as politics and finance. In a perfect environment, the test scenarios would be set up as it would in a combat situation, say for example, a liquid fuel fire trial on a rocket motor in a pod attached to the underside of an aircraft wing would not be financially feasible as the cost of the aircraft, or the rigging of a wing would prove uneconomical. The same test with a pod fully loaded with the same munition is also unfeasible as the observation of the test is to see the reaction of just one asset not a fully loaded pod.
Environmental factors such as atmospheric (acoustic limits) and the SSSI (Site of Special Scientific Interest), like nature reserves also affect this. Sites such as Shoeburyness in Essex and West Freugh in Dumfries and Galloway are SSSI nature reserve sites because of the rare species that inhabit the area, species such as grey crested newts and avocet birds are protected under this legislation. An act that may ‘damages or destroys the nest of any wild bird while that nest is in use or being built; or takes or destroys an egg of any wild bird’ [9]. For example, a fragment attack on a live store would need a heavy fragment with the same velocity and dimension characteristics of that of a bomb fragment. But using a 1000lb air dropped bomb isn’t ideal for test scenarios because of cost, control and collateral damage. So in test conditions, it is within our best interests to replicate a heavy fragment flying towards the test item in order to minimise the safety trace.	Comment by john: Great crested newts, I believe.
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Research Methods\Sabot Fragment.PNG]Heavy Fragment impact STANAG testing is probably one of the challenging of IM testing to replicate as a frangible bomb is substituted with a high velocity gun modified to fire a ballistically unstable fragment. But other IM tests such as impact drop testing, liquid fuel fires, slow cook off, bullet attack and sympathetic reaction can be set up on a small scale set-up in a controlled environment without impeding the accuracy of the scene.

[4] DE&S Weapons DOSG: Heavy Impact Testing of Large General Purpose Bombs Filled with Cast Cured PBX Formulations (JSP)




QinetiQ IM Testing
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Research Methods\200g Frag.PNG]In a paper published by the QinetiQ SME of IM fragment impact testing. The method for delivering the high velocity fragment, known as a fragment simulating projectile (FSP) is fired from a long barrelled 40mm rifled gun system which the bore is atmospherically put under a vacuum in order to achieve the specified STANAG velocity of 2530m/s. the fragment is a machined steel (Tungsten Nickel Cobalt) rod with a diameter and weight of either 14.3mm 18.6g (NATO standard) 20mm 27g or the experimental 30mm 200g chisel nose (QinetiQ heavy fragments)  [5] [7]. 	Comment by john: Always write out abbretiations in full on first use (OK after that to rely on the abbreviation).[4] 


The NATO STANAG 4496 compliance for IM high velocity fragment impact testing requires the FSP to be aimed at the largest part of the energetic material or at the most shock-sensitive area of the munition [6]. 
QinetiQ IM testing follows the same procedures governed by NATO. Although the method and practices carried out to deliver the simulated threat towards the test munition is strict, the methods for measuring how both the threat and reaction is perceived is governed by the companies SOP or Standard Operating Procedure. For example, the method, say for instance, for measuring blast overpressure has a standard of calibration to scale the readings for a maximum expected pressure at the given distance, but the equipment can vary from one test centre to the next. One company could have a finer calibration tolerance to the lesser, but the latter may still be in specification according to NATO’s STANAG. This factor can be a result of the tolerance of the gauge sensitivities calibration.
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Research Methods\Gauge factor.PNG]
[image: C:\Users\cmbudden\Documents\My Personal Files\Pics\IMG_20150915_085415_1.jpg]Courtesy of C&P Calibration (UK)	Comment by john: Needs a source reference.
Another instrumentation requirement for a high velocity fragment attack is to measure the velocity of the fragment simulated projectile, to verify the strike velocity as it impacts the test item. A proven and reliable, although accuracy could be argued, method for measuring the velocity is the use of two copper tracked ‘make screens’. The QinetiQ SOP for this procedure is to implement the use of 250mm x 280mm copper interlaced ‘make’ screens, known as ‘Type 001 Make Foil Screens’. Both screens are spread x distance apart, but on the same line of the fragments flight path, in order to start and stop a timer unit, and record the time taken for the fragment to travel over the distance in between these screens. This ‘make’ screen is energized with ~30V of D.C. current which is supplied by a timer interface unit that when the two open circuited halves of the screen is shorted by a passing object and puncture the screen, outputs a logic 5V TTL pulse to a transient recorder with a fast time base or a calibrated nanosecond counter timer.QinetiQ

This method for measuring the ‘observed velocity’, quoted because the calculated velocity is an average over the distance between them, so strike velocity is unachievable with using this method, but can get a close approximation within ~0.5m. The other restraint in the performance of this test are concerns that the use of these screens can physically slow the passing fragment down as it punctures the foil screens, thus retarding the projectiles performance and affecting the high speed ‘Phantom’ cameras which are positioned 90° to the line of fire, observing the penetration of the fragment adjacent to the munition. In some cases, the strike velocity is calculated using the velocity calculation tool within the phantom camera software as this is a more trusted method by subject matter experts. The only concern with this method is the physical limitations of the frame rate that the high speed cameras can run at. But in the majority of most test centre interests, this is a compromise of accuracy over cost of advancing technology out on the market. 	Comment by john: m, or m/s?  (Distance or velocity measurement?)
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Research Methods\IM Impact.PNG]QinetiQ

Every single chemical make-up explosive is firstly subjected to EMTAP testing, (Energetic Materials Testing Assessment Policy), just one of the criteria’s to pass in order to qualify as an insensitive munition. The EMTAP tests the munitions chemical make-up on a small scale, on electrostatic discharge [8], as much as a few grams, in order to extrapolate the sensitiveness of the full scale munition which it’s intended to be used for.  





Conclusion
To summarise this topic of discussion, insensitive munitions plays a huge role in the safeguard of the troops delivering the offensive. IM, nowadays, applies to every single munition and sub-munition in NATO’s arsenal. Although there are some controversies with the TNT filled high explosive Austrian manufactured Hirtenberger M6-895 60mm mortar. This was brought into service as an UOR (Urgent Operation Requirement) therefore; the IM aspect was not considered a priority for the introduction of this munition. This is currently in service with the British parachute infantry regiment. TNT has since been replaced with the insensitive explosive fill IMX-101 developed by BAE.
 The main issue with heavy fragment impact testing according to some reports is the achievability and performance of the fragment launching long guns. One report from MSIAC states that other test centres have difficulties with range and accuracy firing a fragment. NATO’s specification for strike accuracy is ±50mm within the aim point [6], but QinetiQ’s aim accuracy tends to be within 25mm of the aim point at worst case from personal experiences.
IM weapons has made a huge technological advance since the first and second world wars because more time, assessment and funding has been invested to get todays modern munitions risk factors down to a predictable outcome where the highest threat towards it causes the least collateral damage as possible. 	Comment by john: Fine.  Decent conclusion which draws together the strands.
As well as the fact that NATO and its armed forces are more stringent in today’s climate with shelf life and disposal of ageing surplus or defective munitions. QinetiQ especially holds the capability of demilitarization of ex-stock munitions and disposes of it in a safe manner with procedures that are closely inspected by UK HSE as it is a high tier COMAH site (Control of Major Accident Hazards).
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