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1 INTRODUCTION 

This document describes the results of an international review of Gun Launch Explosive 
Setback. The purpose of this review is to identify issues related to gun launch explosive 
setback, identify issues related to setback actuator testing, identify and share best practice and 
to make recommendations to develop or update a related STANAG if needed.  To perform the 
review, MSIAC created a questionnaire in conjunction with the lead of the NATO AC/326 SG/A 
Gun Launch Setback Ignition Study Working Group and several subject matter experts.  The 
on-line questionnaire was subsequently published on the MSIAC web site.  Notices were sent 
to the MSIAC national focal point officers, participants of the Gun Launch Setback Ignition 
Study Working Group and a list of subject matter experts.  After reception and analysis of the 
answers and other related documents, MSIAC summarized the results and presented them to 
the NATO AC/326 SG/A Gun Launch Setback Ignition Study Working Group.  This document 
provides an analysis of the answers received and provides some recommendations to 
potentially support the development of a STANREC, STANAG or an amendment to STANAG 
4761 and AAS3P-20, Safety and Suitability for Service Assessment Testing of Large Calibre 
Ammunition Greater than 40mm. 
 

2 BACKGROUND 

MSIAC has conducted a number of questionnaires initiated to review or develop STANAGs.  
This normally leads to a list of recommendations.  NATO AC/326 Subgroup A (Energetic 
Materials) tasked MSIAC to initiate this review in support of the AC/326 SG/A Gun Launch 
Setback Ignition Study Working Group.  NATO AC/326 SG/A approved the creation of the Gun 
Launch Setback Ignition Study Working Group in 2017.  The working group is lead by the 
United States (Sean Swaszek, US Army ARDEC).  The goal of the working group is to develop 
a new Allied Ordnance Publication {AOP) document for standardizing the approach to test and 
evaluate the safety of energetic materials & munitions to setback loading.  The first Gun Launch 
Setback Ignition Study Working Group meeting was held in conjunction with the Insensitive 
Munitions and Energetic Materials Technology Symposium on Friday April 27th 2018 in 
Portland Oregon USA.  The second Gun Launch Setback Ignition Study Working Group 
meeting was held on Tuesday October 9, NATO HQ in Brussels Belgium.  The results of the 
gun launch explosive setback questionnaire was reviewed at the second Gun Launch Setback 
Ignition Working Group meeting. 
 

3 REQUIREMENTS 

From a NATO point of view, the requirements for explosive gun launch suitability are contained 
within two STANAGs: STANAG 4170 - Principles and Methodology for the Qualification of 
Explosive Materials for Military Use [R1], and STANAG 4761 - Safety and Suitability for Service 
Assessment Testing of Large Calibre Ammunition Greater than 40mm [R2]. 
 

3.1 APPLICABILITY OF STANAG 4170 

 
STANAG 4170 contains the characterization methods for explosives: chemical, physical and 
mechanical properties; sensitivity, sensitiveness and explosiveness; and performance 
assessment.  Unfortunately, none of these characterizations are relevant to the high 
acceleration environment produced by gun launch.   
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3.2 APPLICABILITY OF STANAG 4761 

STANAG 4761 & AAS3P-20 [R3], Safety and Suitability for Service Assessment Testing of 
Large Calibre Ammunition Greater than 40mm recently replaced STANAG 4224.  These 
documents define the testing required for qualification of large caliber ammunition.  The number 
of required ammunition gun launch tests can be as few as about 270 round firings.  When 
compared to the 100,000s of rounds fired during an artillery program lifecycle, the qualification 
testing is statistically insignificant, as a typical in-bore premature ignition requirement is less 
than one in one million gun launch firings.  Of course, if an in-bore premature ignition occurs 
during the qualification testing, there is a really big problem.  If no in-bore premature ignition 
occurs during the qualification testing, it is statistically meaningless. 
 

4 QUESTIONNAIRE 

The questionnaire questions are listed in Appendix 1. 
 
The questions deal with: experimental data, modeling and material characterization for 
energetics under gun launch; defects requirements for melt pour, cast cure and pressed 
explosives; defects inspection and identification, laboratory setback actuator testing; 
standardization; and knowledge gaps identification. 
 

5 ANALYSIS AND COMMENTS 

For each question, a breakdown of the responses is provided with additional comments. 

5.1 ORIGIN OF THE ANSWERS 

MSIAC has received 15 responses from 6 nations.  The responding countries were Australia, 
Germany, Norway, Sweden, Switzerland, UK and the USA.  87% of the answers come from 
governmental centers and 13% from private companies.  The majority of the respondents 
represented a group, organization or country rather than a single individual.  Figure 1 presents 
a circle chart showing the origin of the answers by nations.  Table 1 presents the complete list 
of test centers and national authorities who replied.  Duplicates indicate multiple individuals 
responded from the same organization. 
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Figure 1: Number of answers received by nations 

 

Table 1: List of nations and facilities who replied to the questionnaire 

Country Organization Status 
Australia DST group Gov 
Germany Fraunhofer EMI Gov 
Norway Forsvarets forskningsintitutt Gov 
Sweden FOI Gov 
Switzerland Armasuisse Science & Technology Gov 
United Kingdom BAE Systems Land UK Private 
United States Advanced technology and research Corporation Private 
United States NAVSEA Gov 
United States NSWC IHEODTD Gov 
United States NSWCIHEODTD Gov 
United States US Army ARDEC Gov 
United States US Army ARDEC Gov 
United States US Army ARDEC Gov 
United States US Army ARDEC Gov 
United States US Army ARDEC Gov 

 

5.2 ENERGETICS UNDER GUN LAUNCH EXPERIMENTAL DATA 

The questionnaire participants were asked about availability and identification of experimental 
data on explosives behavior during gun launch acceleration.  They were asked about gun 
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launch experiments, balloting and axial acceleration data, irregular propellant burning data and 
spinning acceleration data. 
 

Energetics under gun launch experimental data responses 

Figures 2 and 3 present circle graphs of the responses.  The majority of respondents were 
aware of gun launch experiments measuring the behaviour of the explosive fill.  Unfortunately 
the referenced gun launch experiments were almost all a single set of experiments conducted 
by Collett [R4].  The only other known data sets were done by BAE Systems Land UK [R5] and 
DERA UK [R6]. 

 
Figure 2: Energetics under gun launch experimental data responses 

 
Figure 3: Energetics under gun launch experimental data responses 
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5.2.1 Energetics under gun launch experimental data comments 

A large number of comments were received.  These comments were: 
• Loads vary significantly by system 
• Undertook small scale setback testing on 1inch diameter pellets in collaboration with 

DSTL/QinetiQ around 2004. Assessment was of ARX-4024 (NTO/TNT) and compared 
to Australian Composition B. 

• The in-bore projectile dynamics data I have is a combination of modeling predictions 
and data collected from field tests.  I'm not completely sure what is meant by "irregular" 
gun propellant burning information but assumed it meant data from propellant with 
anomalous (i.e. didn't perform as predicted/planned/expected) ballistic performance. 

• I'm currently working with my Foreign Disclosure Officer to get NATO DDL distribution 
statement for Dr. Barry Fishburn Setback Reports.  Reports were previously presented 
at JANNAF or reside in DTIC.  Also looking into release of Navy 5"/54 with defects gun 
firing report. 

• Aware of and review set back safety of main charge explosive fills for Navy munitions. 
• I am aware of experiments with induced defects in munitions to evaluate the response of 

munitions and explosive fills under setback. The data does not provide instrumented 
rounds to look at internal pressures; however it does include defect type, size, and 
response. 

• Land UK has measured the pressure at the base of a 105mm shell (filled with inert PBX 
simulant) during gun launch. A brief summary of the work included in the Land UK 
presentation 18038886 given in the first NATO Setback CWG meeting (Apr 2018) [R5]. 
Further details are included in Land UK report 18001469 [R7] sent previously to MSIAC 
(Oct 2017).  We have not measured balloting or axial and radial acceleration of an 
artillery shell during gun launch. We typically use modelling to predict internal ballistics 
and projectile travel through the gun barrel.  During the development of new propellants 
or charge systems, we often measure the pressure at both the rear and forward 
positions of the chamber using piezoelectric gauges. Both of the rear and forward 
measured pressure-time curves are relatively “smooth”, and do not show significant 
pressure fluctuations/waves. However, there is a difference between the rear and 
forward pressures that will vary over time, often in an oscillatory manner. The magnitude 
of the difference is not significant relative the peak pressures measured. It is assessed 
for acceptability by comparison with historical data, i.e. established ranges for 
common/in-service propellant or charges.  Provided references: [R8], [R4] and [R9]. 

 
Recommendation: gather all available documentation of explosives under gun launch 
experimentation and put it in a single repository available to the Gun Launch Setback 
Ignition Study Working Group. 

5.3 ENERGETICS UNDER GUN LAUNCH MODELLING 

The questionnaire participants were asked about modeling of explosives.  This included queries 
about appropriate material models, mechanical properties characterization, ignition modeling, 
and high pressure burning characterization. 
 

5.3.1 Energetics under gun launch modelers 

Figures 3 presents a circle graph of respondents that actually do gun launch modelling of 
explosive fills.  Only three respondents indicated that they do the responses.  The majority of 
respondents were aware of past or present gun launch modelling efforts and were able to 
respond to the associated questions. 
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Figure 3: Energetics under gun launch modelers 

 

5.3.2 Energetics under gun launch material models 

What energetic material models do you use? 
• Models provided by LLNL. 
• Land UK has limited in-house modelling capability in this area, and have traditionally 

relied on third parties for more rigorous analysis (e.g. QinetiQ, Fluid Gravity 
Engineering). We are currently looking to develop our in-house capability. We use LS-
DYNA for this type of modelling. A standard (i.e. from the software library) elastic-plastic 
continuum model is used for both PBXs and melt-cast explosives. This approach 
predicts stress/strain/deformation of the explosive at the continuum level. 

• So far only inert material models where we estimate risk of collapse of a certain defect 
geometry given acceleration. 

• Dr. Don Carlucci and his team have been modeling setback simulators.  General 
purpose Finite Element Analysis (FEA) code Abaqus version 2016 HF2 was used for 
these analyses. A fully coupled, explicit, dynamic temperature-displacement analysis is 
performed to analyze the structural response of Composition B and the base gap air 
cavity to the impacting pistons in Abaqus.  Total run time of the analysis is 3 
milliseconds. The analysis is performed using axisymmetry to improve computational 
efficiency. All Lagrangian elements are 4-node, first order, axisymmetric, reduced 
integration, temperature-coupled type CAX4RT quads.  The entire assembly contains 
~36,850 CAX4RT elements. All materials were assumed to be isotropic, elastic-plastic 
(Note: this approximation is likely not appropriate to accurately capture Composition B 
material response, but it is the best approximation we currently have available.). 
Composition B was assumed to be homogeneous (Note: this is not appropriate to 
accurately capture response).  Modeling of inhomogeneities/crystals would require 
multiscale modeling). The base gap cavity was modeled as air using the built-in EOS 
material model with the ideal gas EOS. Thermal properties of both solids and air were 
taken to be temperature-invariant using ambient temperature values (Note: thermal 
properties of both air and Composition B exhibit significant temperature dependence). 

5.3.3 Energetics under gun launch mechanical properties characterization 

What mechanical properties characterization do you think is required? 
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• High strain rate modulus.  Also note the burn rate or run up to detonation and the 
projectile design for rupture are important.  If a reaction occurs and the fuze can be 
expelled before the reaction transitions from a burn the risk is reduced. 

• Material behavior compression data is probably essential to understand general 
behavior of the fill in the round. Additional testing at hot/cold temperatures, under 
confinement, and higher strain rates are most likely relevant too to build a higher fidelity 
model. Energetic materials are extremely dependent on temperature and strain rate. 
Some of these parameters such as defects like cavities may prone to collapse at 
elevated temperatures if the energetic material is weaker, whereas it may show no signs 
of damage/collapse at ambient temperatures. 

• Full stress-strain data (or defining characteristics such as Young’s modulus, 
yield/ultimate strength and strain at yield/failure point in compression/tension) over the 
strain rates experienced in the simulation. For the gun launch environment, high strain 
rate data is required. For PBXs in particular, mechanical testing of confined samples 
(e.g. triaxial compression) is required to accurately define the compression of these 
materials in a confined environment. Without this data, Land UK typically assumes near 
isotropic incompressible behaviour to predict elastic compression under confinement. It 
is also critical to define the interface between the explosive and cavity wall. Testing may 
be required to measure bond strength (for a “stuck” filling) or friction (for an “unstuck” 
filling). 

• US Army ARDEC 

Test Sample Type Diameter (in.) Length (in.) 

SHPB/ScIITRI Long Cylinder 0.25 0.125 

Low Rate Comp Long Cylinder 0.375 1.125 

Intermediate 
Rate Comp 

Long Cylinder 0.25 0.5 

Gas Gun Cylinders 0.627952756 3.582551 

CTE Long Cylinder 0.393700787 0.393700787 

Brazilian Disks Disks 0.787401575 0.196850394 

Tensile Dogbones **  

Thermal 
Measurements 

Long Disks 1.181102362 0.787401575 

Rod Impact Disks 1.7 0.118110236 

Rod Impact Disks 1.7 0.236220472 

Rod Impact Disks 1.7 0.472440945 

Rod Impact Disks 1.7 0.787401575 

Triax Cylinders 0.75 1.5 

• Thermal behavior due to mechanical strain, initiation criteria, tri-axial compression data 
• High velocity compression data 
• Quasi-static and dynamic mechanical testing (compression is most important but other 

modes may be relevant). Also Hugoniot data is required from some shock wave 
experiment. 

5.3.4 Energetics under gun launch material available material models 

What material and fracture/failure models are available and/or required? 
• There are no good ones - would take any available 
• "Lagrangian parts modeled using CAX4RT (continuum, axisymmetric, 4-node, reduced 

integration, temperature dependent) elements. The full assembly contains 36,850 
elements with 38,023 nodes (corresponding to 0.125 in base gap).Mesh biases were 
implemented on both the EOS air and the corresponding Comp B/Teflon contact 
surfaces.  A mesh study was performed to determine the minimum mesh sizing required 
to produce converged surface temperatures." 
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• Land UK does not currently have the capability to model fracture/failure of explosives 
explicitly. Instead, the stress/strain/deformation output from the model is typically used 
to highlight regions of potential failure based on user defined criteria (e.g. plastic strain 
of “X”). These criteria may be defined by known failure levels or observations from 
experiments. 

• Especially for brittle HE damage can be critical. Damage thresholds can probably be 
estimated from mechanical testing. This is a work in progress at FOI Sweden. 

5.3.5 Energetics under gun launch material models 

What high rate, high pressure, and high temperature energetics mechanical properties 
characterization have you done or are you aware of? 

• Only go/no go data from setback simulators - nearly useless (sometimes worse than 
useless) 

• Composition B and PBXN-9 have been fully characterized by ARDEC and Los Alamos 
National Labs 

• Faulty unit testing of US Navy 5 inch and 76MM HE projectiles.  Also hot gun cook-off 
testing. 

• A fair amount of high strain rate data exists in journals and conference proceedings. I 
have conducted a large number of formulations (pressed, melt-pour, and cast cure) 
energetic materials at varied strain rates & temperatures to look at temperature 
dependence on modulus/stress, etc. I have existing data on several pressed explosive 
formulations high pressure compression tests. 

• Land UK has carried out Split Hopkinson Pressure Bar tests on a number of PBXs at 
various strain rates (up to rates of the order 1000 s-1) and across a range of 
temperatures (e.g. -40 to +60°C). The stress-strain data has been used to fit or validate 
material models. Quasi-static mechanical tests (uniaxial tension/compression) are 
carried out at the extremes of service temperatures. Dynamic mechanical analysis of 
PBXs is typically carried out over the temperature range -100 to +100°C. 

• We (US Army ARDEC) do quasi-static compression, looking at stress-strain and strain 
fields. We're working on SHPB (dynamic) setup for HE. High pressure can be important, 
and we're trying to estimate this effect. 

5.3.6 Energetics under gun launch triaxial characterization 

What applicable triaxial energetics mechanical characterization have you done or are you 
aware of? 

• There has been some low-rate data on PBXN-9 
• IMX-104, PBXN-9 currently being studied at ARDEC 
• I have results from tests on several pressed formulations and have seen data in several 

journals/tech reports on tri-axial testing at low and high strain rates under confined 
pressure. 

• Land UK has not carried out any triaxial mechanical characterisation of explosives. 
Observations from published testing of melt-cast explosives and PBXs have been used 
when developing models for similar materials. References: [R10],[R11],[R12] 

5.3.7 Energetics under gun launch ignition modeling 

What modelling of ignition due to failure/damage of the explosive fill have you done or are you 
aware of? 

• Brian Hunter (now left ARDEC) had completed Setback modeling of ARDEC and Indian 
Head Setback Simulators and was able to replicate reactions occurring to a small 
degree. 

• NSWC DD in the early nineties. 
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• There exists some modelling of adiabatic compression of voids and base gaps in 
materials to simulate the Indian Head setback test device. The model has been 
compared to experimental tests. 

• Land UK has used third parties to carry limited modelling of ignition due to the presence 
of voids and burning of a PBX filling in an artillery shell during gun launch. There has 
been significant effort invested in the development and use of models for the prediction 
of ignition due to failure/damage of explosives. However, this has focused primarily on 
predicting the response to impact shock (e.g. fragment/bullet impact, drops). Beyond our 
own limited work, we are not aware of any other work that has attempted to model 
ignitions caused by filling defects/failure during gun launch. 

5.3.8 Energetics under gun launch high pressure burning 

What high pressure burning characterization of explosives have you done or are you aware of? 
• Department of Energy does most of those kinds of tests.  There are some open 

literature reports from LLNL and LANL. 
• We have tested different pressed compositions as PBXN-5 in a Closed Vessel for 

determination of burning properties for pressure up to 4500 bars. The samples have 
been pressed pellets and/or in form of the press granules. T he pellets had different 
densities or porosity. 

• Land UK has used Closed Vessel testing to measure the burn rate vs. pressure 
relationship over the 0 to 250 MPa range for a PBX. The data was used to develop a 
pressure-dependent burning model for the PBX. 

• We have not carried out this or other testing to characterise the high pressure burning of 
other explosives. 

 
Recommendation: gather all available documentation of explosives under gun launch 
modeling and characterization.  Put it in a single repository available to the Gun Launch 
Setback Ignition Study Working Group. 

5.4 GUN LAUNCHED AMMUNITION MELT POUR EXPLOSIVE FILLING 

The questionnaire participants were asked about filling procedures and defect acceptance 
criteria for melt pour explosive formulations. 
 

5.4.1 Filling 

What are your loading procedures and processes? 
• Frequently controlled by individual producer with some limits in place by the US 

Government. 
• Mixing was undertaken in a 10kg melt cast kettle. Approximately 1kg was poured into a 

transfer pot which was connected to the same thermocirculator lines as the kettle to 
maintain thermal equilibrium. The transfer pot was then placed under vacuum with 
stirring to remove any air bubbles before being open cast into tubes. X-ray analysis 
revealed no voids.  On the larger scale, 5""/54 naval artillery rounds were cast 
individually with the above technique being employed, but with the shell casing heated 
and insulated and a thermal probe utilised to slow cooling. 34 shells were cast with no 
defects. See: [R13]. 

• We use a controlled environment to keep from shocking the material.  Explosive is 
melted in the kettle, homogenized, and then goes through a downcomer into a pour 
machine which then has nozzles which deliver the explosive into the end item.  The end 
item is situated in a cart that has water in it.  We go for bottom up cooling so there are 
steam shrouds around the funnel in order to keep the riser section molten.  End items 
go through controlled cooling process in ovens. 
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• The procedure will vary from the munition size and composition. Casting may be with or 
without vacuum etc. 

• The cooling of formulations are often controlled to slow the rate of heat transfer to 
prevent issues such as piping, cracks, cavities in melt pour munitions with the larger 
delta temperature change. Melt pour formulations are fairly brittle. Rounds are often 
placed in heated water baths for an extended period of time to help control the rate of 
heat loss to prevent defects growing. 

• Land UK buys melt-cast explosives from external suppliers. These are melted in an 
agitated and heated melting/mixing vessel, where any processing additives are 
incorporated. The product is filled in a series of rows under the vessel. The cooling 
process is controlled using a heated probe and forced airflow. A header of molten 
explosive is used to prevent gaps/defects forming as the explosive solidifies and 
shrinks. When cooling is complete, the header is removed and a booster cavity is bored 
into the top surface of the explosive. 

• As a research agency (FOI Sweden) we don't have production. However, Sweden has 
specifications for casting methods.  These may be shared with approval from the 
industries involved. 

 

5.4.2 Defects acceptability requirements 

What are your defects acceptability requirements? 
• Usually less than the measurement capabilities - around 0.005 inches 
• Given by individual specs: [R14], DTL9312769-1, [R15], etc. Usually tracing back to 

MIL-P-20366. 
• Defects were assessed against Australia Defence Standards for 5"/54 naval artillery and 

81mm mortar acceptance. 
• We do not want base gaps in our rounds.  We look for porosity and cracks.  We divide 

up the end item by sections based on the explosive column and G loading.  We try to 
minimize the amount of defects in production since we know that cracks can form over 
time. 

• The requirements will depend upon the gun caliber and if the ware head rotating or not.  
There are different requirement on different zone. For 120 mm there are 5 zones having 
different requirements to the cavity size and number of cavities. other requirements are 
to cracks, base separation, pipes and wall adhesion. 

• Cannot provide specifics.  However for cast PBX no base gaps allowed and there is a 
void criteria.  Cracks are not critical unless a specific separation. 

• Land UK classifies filling defects by type: piping, cavities, porosity, cracks, base 
separation. The acceptable size/levels of these defects are defined for different regions 
of the explosive fill. The characterisation and acceptance standards are similar to those 
given in the publically available (now out-of-date) specification for the US M107 155mm 
HE shell [R14]. 

• Sweden has specifications for grenades that was developed after a couple of accidents 
back in the late sixties. These are similar to MIL-STD but more stringent in some areas 
of the grenade. We can share these requirements upon request. 

 
Figure 4 presents circle graph results for some questions related to defects acceptability 
requirements. 
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Figure 4: Questions related to defects acceptability requirements. 
 

5.4.3 Melt pour filling comments 

The comments associated with melt pour filling procedures were: 
• We did extensive work assessing ARX-4024 in the 5"/54 naval artillery shell and 81 mm 

mortar. Assessments of hazards assessment, viscosity, sedimentation, performance, 
lethality, IM testing and other testing was undertaken. 

• We have conducted faulted round tests with IMX-101 in the 155mm M795.  They were 
x-ray reject rounds for porosity and cracks.  We fired them at PMP +5 and all of them 
came out of the gun and went down range without issues.  Looking to conduct faulted 
round testing for the XM1128 with IMX-104. 

• The latest filled an tested composition are DNAN based compositions:  PAX-48 and 
MCX-8100 in 120 mm and MCX-6100 in 155 mm. 

• The requirements for current US Navy 5 inch and 76MM are based on faulty units 
testing.  For 5 inch in bore reactions occurred.  The results have been compared to the 
NAWC IHEODTD setback simulator. 

• The specifications are mostly for TNT and Comp-B. 
 
Recommendation: gather all available documentation on melt pour filling for gun 
launched ammunition and put it in a single repository available to the Gun Launch 
Setback Ignition Study Working Group. 

5.5 GUN LAUNCHED AMMUNITION CAST CURE EXPLOSIVE FILLING 

The questionnaire participants were asked about filling procedures and defect acceptance 
criteria for cast cure explosive formulations. 
 

5.5.1 Filling 

What are your loading procedures and processes? 
• Use Baker-Perkins mixer with ingredients added in then remotely mix with adding in the 

curing agent towards the end of the process to have longer pot life.  Using vacuum 
chambers to cast the material.  Depending on the binder system may need to cast and 
cure under nitrogen purge.  Shaker table might be necessary based on viscosity.  End 
items go into curing oven for time and temperature depending on curing agent and 
binder system. 
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• Normally the filling is performed with applying both vacuum and vibration 
• Vacuum and vibration are necessary. 
• Though Land UK does not currently fill large calibre shells with cast-cure explosives, a 

development facility was established for this purpose in the 2000’s. The PBX ingredients 
are mixed in a heated planetary mixer. The product is filled in a series of rows along a 
conveyor beside the mixing bowl. The filled shells are removed from the facility and held 
in curing ovens for the duration of the curing process. 

5.5.2 Defects acceptability requirements 

What are your defects acceptability requirements? 
• Again, smaller than 0.005 inches 
• Need to be very careful with these requirements since UK and Germany have shown 

that imperfections in the cast cure formulation can cause failure in the gun tube. 
• No base gaps allowed and there is a void criterion.  Cracks are not critical unless a 

specific separation.  Contact NSWC IHEODTD Code M21 for specific requirements. 
• Land UK applies the same classification of filling defects types used for melt-cast 

explosives (described above). However, due to the different characteristics of PBXs, 
typically only cavities/porosity are observed. We consider that, without the large amount 
of historical data that exists for melt-cast explosives fillings, an alternative source of 
evidence must be used to determine acceptable size/levels of defects in PBX-filled large 
calibre shells. With this requirement, we carried out an extensive test programme in 
order to measure the sensitiveness of a PBX to the presence of defects under the set-
back pressures that the filling could experience during gun launch. The results were 
used to define critical defect sizes, which could be used to set acceptance standards for 
the filling. Further validation work is required to support the direct use of test results in 
this manner (discussed below). 

 
Figure 5 presents circle graph results for some questions related to defects acceptability 
requirements. 

 
Figure 5: Questions related to defects acceptability requirements. 
 

5.5.3 Cast cure filling comments 

The comments associated with cast cure filling procedures were: 
• All based on comparisons to Comp B 
• Indian Head has the majority of the US Cast cure formulation results.  Contact NSWC 

IHEODTD Code M21 for specifics.. 
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Recommendation: gather all available documentation on cast cure filling for gun 
launched ammunition and put it in a single repository available to the Gun Launch 
Setback Ignition Study Working Group. 

5.6 GUN LAUNCHED AMMUNITION PRESSED EXPLOSIVE FILLING 

The questionnaire participants were asked about filling procedures and defect acceptance 
criteria for pressed explosive formulations. 
 

5.6.1 Filling 

What are your loading procedures and processes? 
• Frequently controlled by individual producer with some limits in place by the USG. 
• Void free pressing under vacuum.  Also, multiple pressed increments were required to 

minimize density variation across the warhead length. 
• Based on the molding powder, we look at bulk density and particle size.  Material may 

need to be sieved before pressing.  Also look at Flowdex for flowability through a hopper 
for high speed pressing.  We look at heating, dwell time, amount of compactions, and 
pressure. 

• The press conditions vary from munition to munition. Parameters  as press pressure, 
hold time and application of vacuum or not are normally optimizes for a specific filling. 

• Vacuum is necessary.  The increment plan must be such that the density is uniform. 
• no information to share at this time except for general pressing data. Pressed 

formulations are often loaded at elevated temperatures, under vacuum, for multiple 
cycles to achieve higher densities. 

• Explosive billet (PBXN-9) is pressed, final machined, and placed inside plastic IM Liner, 
and slid into Warhead Case 

• Land UK does not currently fill large calibre shells with pressed explosives. 
• As a research agency (FOI Sweden) we don't have production and don't follow strict 

procedures. Mostly uniaxial pressing is used. 
 

5.6.2 Defects acceptability requirements 

What are your defects acceptability requirements? 
• Usually less than the measurement capabilities - around 0.005 inches 
• QEM-AB-002 (US Army) 
• They have become complex.  In general, Cracks, Void, and LDA's on the order of .020". 

(US Army) 
• No voids  or low density regions measurable via X-ray 
• Depends on the end use.  Most pressed explosives are used with shaped charge liner 

and need to be high density and not have any cracks or voids which could disrupt the jet 
• There are no general requirements. However some fillings have requirements to a 

minimum density. 
• No base gaps allowed and there is a void criterion.  Cracks are not critical unless a 

specific separation.  Contact NSWC IHEODTD Code M21 for specific requirements. 
 
Figure 6 presents circle graph results for some questions related to defects acceptability 
requirements. 
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Figure 6: Questions related to defects acceptability requirements. 
 

5.6.3 Pressed filling comments 

The comments associated with pressed explosive filling procedures were: 
• Mostly PBXN-9 and LX-14.  Data relied on relative comparisons to Composition B 
• My knowledge of requirements are on the basis of subject matter expertise.  Item is 

Excalibur. 
• Large diameter (5" or greater) guided projectiles (ERGM, BTERM, LRLAP) developed 

by the U.S. Navy over the last 20 years had very stringent requirements to ensure void-
free explosive fills were used.  This same requirement is being applied to the Navy's 
next generation 5" guided projectile (GLGP). 

• Contact NSWC IHEODTD Code M21 for specifics. 
 
Recommendation: gather all available documentation on pressed explosive filling for 
gun launched ammunition and put it in a single repository available to the Gun Launch 
Setback Ignition Study Working Group. 

5.7 INSPECTION AND DEFECTS IDENTIFICATION 

The questionnaire participants were asked about inspection for defects including specifics on 
inspection equipment and types of defects. 
 

5.7.1 Inspection process 

What are your defects inspection processes? 
• Usually X-ray or CT scan 
• Radiographic inspection, typically single plane centered at the base. 
• X-ray radiography. Tomography under development. Cutting and inspection (visual) 
• X-ray. 
• X-ray analysis of 100% of 5"/54 rounds for test. 
• Digital X-ray 
• X-ray and longitudinal splitting of shells by sawing 
• For pressed core sampling is necessary to establish the loading process. 
• X-ray is the main method used to inspect for defects in items. Multiple angles and 

locations to obtain more planar sections in understanding the shape or relevant size are 
performed. I have seem CT scan technology used to evaluated defects, however this is 
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only in R&D environment. I am not aware of this used in any production setting. Land 
UK carries out 100% X-ray (0 and 90° shots) of filled product. A sample of filled product 
are also sectioned and inspected. Material tests are also carried out as part of the 
Quality Assurance process. 

 

5.7.2 Inspection equipment 

What specific inspection equipment do you use? 
• It varies from location to location and I do not know the details 
• Linatron System 
• Density and radiography. 
• A digital X-ray system is used for inspecting large calibre shells. This system uses a 

high energy (9 MeV) source, a digital image capture system and bespoke image 
processing software. 
 

What is the resolution of your inspection equipment? 
• usually 0.010 inches 
• On certain digital systems approximately 0.007". 
• Will need to get the specifications from our Level III radiographer 
• I am aware of defects measured below 0.04inches in width/diameter 
• The system is capable of detecting the explosive filling defects described above. 

5.7.3 Types of defects 

What defects are observed? 
• Mostly cracks and separations from projectile walls or liners 
• All the kinds.  Porosity, pipes, annular rings, cooling curves, cracks, cavities, base 

separation, foreign material, press interface density differences, missing components, 
and metal parts defects. 

• No defects per acceptance criteria were observed in rounds fabricated for safety, 
Qualification, IM, and flight tests.  However, as part of setback survivability 
assessments, we purposely incorporated voids in full scale projectile 
warheads/payloads.  These were then launched them at tactical and gunproof launch 
loads to assess survivability. 

• Some cavitation of 5"/54 shells was seen, but the cavities were smaller than the 
minimum size for detection according to Australian Standards for 5"/54 defects. No 
cracking was seen. No cavitation was seen at all in the small test pieces used for set 
back simulation testing. 

• Piping, Porosity, Cracks, Voids 
• Cavities, porosity, cracks, wall adhesion. 
• Cracks, porosity, base gaps 
• The system is capable of detecting the explosive filling defects described above. The 

presence of foreign bodies can also be detected. 
• cavities and large defects in the bulk or macro-cracks. 

 
Figures 7, 8 and 9 presents circle graph results for some questions related to types of defects. 
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Figure 7: Questions related to types of defects. 
 

 
Figure 8: Questions related to types of defects. 
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Figure 9: Questions related to types of defects. 
 

5.7.4 Inspection and defects comments 

The comments associated with inspection and defects were: 
• We did not witness any reactions associated with setback at the tested worst case 

conditions in large caliber (5" and 155mm) projectiles.   Sample size, however, was not 
large. 

• 5"/54 rounds were not sectioned, however 1inch diameter cast sticks were sectioned 
and sedimentation assessed. Full rounds were not aged, however the ARX-4024 fill was  
aged with Composition B samples and the sensitiveness and tensile properties of each 
were assessed. 

• Land UK and Cranfield University have used X-ray CT to inspect small samples of PBX 
(up to 100 g). The initial programme of work included evaluation of sample size vs. 
resolution, inspection of samples that had been stressed using a laboratory set-back 
actuator and quantification of damage. The work was presented at the Ordnance, 
Munitions and Explosives Symposium [R16]. 

• There were also several comments that individuals were looking into releasing 
information or that information could possibly be released if requested. 

 
Recommendation: Request the release of further information on inspection and defects 
from individuals.  Gather all available documentation on inspection and defects gun 
launched ammunition and put it in a single repository available to the Gun Launch 
Setback Ignition Study Working Group.   

5.8 AGED ROUNDS 

The questionnaire participants were asked about aging effects for gun launched ammunition. 
 

5.8.1 Aged ammunition concerns 

What concerns do you have for aged rounds? 
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• Cracking, shrinkage, bubble formation and growth 
• Exudation, Cracking, and base separation growth (on certain pressed filled projectiles). 
• If cracks occur over time with warheads, does setback sensitivity increase?  Especially 

as a function of temperature that would be seen in a hot gun scenario 
• I've always had concerns around adiabatic compression upon launch of small gas 

bubbles and of sheer forces on cracks.  However I believe that formulations such as 
ARX-4024 are able to avoid some of these issues and further research should not be 
overlooked for melt cast formulations. 

• An unknown , as Ammunition Surveillance Reliability Programs typically x-ray and then 
fire rounds.  As long as they go down range and detonate normally, no other testing is 
completed.  We have seen Comp B exudation in mortars and are currently studying a 
recent lot of Marine Corps mortars that had exudate coming out of the fuze. 

• For cast-cure exudation of platicizer is most likely to occur. 
• Formation of base gaps and large crack separations.  Design of the round 
• A variety of issues may be influencing material over time such as temperature cycling to 

apply internal stresses to create/grow cracks. Additionally defects that are not present at 
ambient temperature inspection could potentially become present at cold temperatures 
due to thermal expansion. Exudation and irreversible growth are of a concern for 
formulations and can be defendant or influenced on the design of the munition. 

• Cracking, CTE mismatch, SME's (Phil Samuels) can add additional concerns. 
• "Land UK fills large calibre shells with TNT-based explosives. These are known to 

exhibit the phenomena highlighted above, to a greater or lesser extent, depending on 
design of the shell (e.g. sealing, confinement), properties of the explosive (e.g. purity, 
additives), and the logistical/environmental stresses that it has been exposed to (e.g. 
vibration, extreme temperatures). Specifically, we have observed that prolonged 
exposure to elevated temperatures can cause exudation, and that cracking can occur at 
low temperatures under harsh vibration/shock stresses. Irreversible growth of the 
explosive filling is restricted by confinement from the shell body.Up to a certain level, the 
presence of these defects in stressed shells may be considered acceptable. Their 
elimination or mitigation are addressed in the development of the product, and their 
presence/acceptability are tested through the qualification programme." 

 
Figures 10 presents a circle graph result related to aging. 
 

 
Figure 10: Question related to aged rounds. 
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Recommendation: gather all available documentation on pressed explosive filling for 
gun launched ammunition and put it in a single repository available to the Gun Launch 
Setback Ignition Study Working Group. 

5.9 LABORATORY SETBACK ACTUATOR TESTING 

The questionnaire participants were asked about laboratory setback actuator testing.  Half of 
the participants said that they were involved with laboratory setback actuator testing (figure 11). 

 
Figure 11:  Questionnaire participants that are involved with laboratory setback actuator testing. 
 

5.9.1 Results usage 

How do you use the results? 
• We simply compare the results to Comp B 
• The way the NSWC Setback Simulator was developed, the defects introduced are 

actual size.  The defect size is varied to find a threshold at which a reaction does not 
occur for the max loading rate of the projectile.  Loading rate may be increased beyond 
maximum to determine a factor of safety. Contact NSWC IHEODTD Code R for 
specifics. 

• It is used to evaluate the adiabatic compression to compare with the failure of base gaps 
in munitions in melt pour munitions. As briefed in prior setback meeting. 

• Land UK has primarily used its laboratory set-back actuator, the Gun Launch Simulator 
(GLS), to measure the sensitiveness of a PBX to the presence of defects under the set-
back pressures that the filling could experience during gun launch. More specifically, the 
ignition probability was measured over a range of void sizes and loading pressures. The 
results were used to define critical defect sizes, which could be used to set acceptance 
standards for the filling. Further validation work is required to support the direct use of 
test results in this manner (discussed below).In addition, the GLS has been used as a 
basic comparative assessment tool. A limited number of firings are conducted on two 
materials/variants in parallel and differences in response are used to indicate a change 
in sensitiveness between materials/variants. Comparative testing has been carried out 
to investigate a number of parameters (e.g. temperature, ingredients, defect type) and 
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explosive types (e.g. cast-cure, melt-cast, pressed).  This work is summarised in [R5] 
and further details are included in [R17]. 

• Several individuals responded that they had provided presentations about their 
laboratory setback actuator testing at the 27 April 2018 Gun Launch Setback Ignition 
Study Working Group meeting. 

5.9.2 Associated explosive characterization 

Is there any other associated testing or characterization that you conduct? 
• We did assess shock sensitivity of pressed explosive fills at ambient and elevated 

temperature to see if there was any sensitivity variation as a function of temperature. 
The concern was setback sensitivity variation that might be encountered in a hot gun 
environment. 

• Setback simulation testing was undertaken on Qinetiq equipment in the UK.  Most of the 
laboratory testing I've already alluded to - viscosity, sedimentation, sensitiveness etc. 

• We are looking to use PDV and thermal couples along with other modifications to the 
Indian Head Setback simulator to attain more data. 

• Land UK has used X-ray CT analysis to assess the level of damage in samples that 
have been stressed in the GLS (discussed above), though this is not carried out 
routinely. Set-back testing is typically carried out as part of a wider 
characterisation/assessment programme. This involves standard material and product 
tests, and the use of modelling where possible. 

5.9.3 Actuator data analysis 

How do you analyse the data from your setback actuator? 
• We were attempting to model it, but that had mixed results 
• The loading rate is measured and compared to actual data for the projectile when 

available. 
• We have not done much data analysis with ARDEC setback simulator since Dr. 

Fishburn retired.  It's now used for material qualification and has been used for 
programs that have defect issues. 

• Data is used to determine the requirements for faulty unit testing. 
• It is used strictly as a go/no-go event. No specific time, temperature, rate data is 

recorded. 
• The response for each test sample is recorded as a “go” or “no-go”. As the response 

can vary for test samples under the same test conditions, multiple test samples and 
firings are used to generate many data points for each test configuration. These are 
aggregated to give an ignition probability for the configuration. A statistical model can be 
used to map the change in ignition probability with variation in a test parameter (e.g. 
void size, pressure). This approach is illustrated in the previously referenced Land UK 
presentations. 

5.9.4 Actuator data validation 

What validation testing do you conduct? 
• It is always suggested that actual faulted rounds be fired with defects similar to what 

was found as the threshold. 
• It is compared with past historical data 
• The validation work that BAE Land UK has carried out to date has focused on 

confirming the loading pressure profile applied to a test sample in the GLS is 
representative of the set-back pressures that the filling could experience during gun 
launch [R5]. We believe further work is required in order to validate the use of the GLS 
as a representative set-back simulator. With this requirement, future work will aim to 
answer the following questions: 
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1. Is the loading pressure profile applied to the test sample representative of the 
set-back pressure experienced by the projectile fill during gun launch? 

2. Are manufactured defects in test samples representative of natural defects in the 
projectile fill? 

3. Do the geometry and scale of the test system affect the pressure experienced by 
the defect under test? 

4. Do these factors change the response (i.e. ignition probability) measured in the 
GLS vs. that in the real system? 

5.9.5 Statistical data analysis 

How do you apply statistics in the analysis of data from your setback actuator? 
• We rarely do. 
• Neyer analysis used if we get a reaction after 5 shots with max G loading and max air 

gap. 
• The test is repeated 5 times for a defect size, and the defect size is increased. 
• BAE Land UK methodology previously discussed [R5]. 

 
Recommendation: gather all available documentation on laboratory setback actuators 
put it in a single repository available to the Gun Launch Setback Ignition Study Working 
Group. 

5.10 STANDARDIZATION 

The questionnaire participants were asked about standardization related to energetics 
assessment methodology for gun launch setback.  Only half of the questionnaire participants 
responded to the standardization questions, but as seen in figures 12 and 13, they responded 
unanimously that standardization should be done.  Based on the received comments, several 
respondents were undecided and wanted more information in order to make a more informed 
decision. 

 
Figure 12:  Questions responses related to energetics assessment methodology for gun launch 
setback. 



 MSIAC © 2018 
 
 

 
MSIAC © 2018 

- - 24 - - 

 
Figure 13:  Questions responses related to energetics assessment methodology for gun launch 
setback. 
 

5.10.1 Setback testing standardization 

How do you use the results? 
• I think it should be understood by modeling before we embark on the creation of a 

standard 
• To date, I have not run across issues with a lack of standard test process.  Either the 

launch environment or explosive have been different enough where previous data would 
not have been useful even if standardized.  It would be nice, however, to be able to use 
data from a previous set of tests where you can make direct comparisons.  While 
equipment and processes for a setback test are important, I think the most critical 
element is the method for evaluating the data and determining the allowable defect size.  
In the past this has ranged from what can be seen,  to mimicking historical criteria, to 
occasional data driven decisions.  A single methodology would be helpful. 

• The equipment and process for screening for acceptable defects and the full round tests 
to verify those defects are acceptable. 

• We should standardize a lab scale setback simulator that all NATO nations can use 
• One or several devices for conducting laboratory testing I believe should be 

standardized to achieve commonality in test methods. 
• Setback simulator testing, process to determine safety critical defects, definition of what 

crack growth during life cycle can be tolerated. 
• Land UK believes that NATO member nations should first aim to develop a standard 

assessment protocol that defines a general process for explosive defect definition and 
set-back testing, and provides guidance on how to go through each of the process steps 
based on recognised best practice. It is expected that there will need to be some 
flexibility allowed such that application of this process and acceptance of results will still 
be at the discretion of the individual national authorities. When sufficient evidence of the 
successful application of this protocol has been generated using the various set-back 
testing systems that are available, it may be appropriate to review this as a collective 
and consider the adoption of a single test set-up/methodology. 

• These matters are of interest to us, but it is something we have to come back to after 
detailed discussions within our defence community and with outside organizations such 
as MSIAC. 
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5.10.2 Setback testing standardization 

At what level should this standardization be applied? 
• Laboratory scale 
• STANAG/AOP that can be stand alone but also be included in AOP-7 for qualification of 

energetic materials. 
• For Final Type Qualification. 
• Across labs and participating NATO countries to assess 
• For both the explosive and integrated munition. 

 
It is interesting to note the large disparities in opinions as to what level of standardization is 
required. 
 
Recommendation: The Gun Launch Setback Ignition Study Working Group should move 
towards developing a best practices document for: the acceptability of explosives for 
gun launch; the acceptability of defect types, sizes, and distributions; and the defect 
identification methods.  This document could subsequently used to decide what 
assessment protocols could or should be standardized and provide a base document 
from which to build the standardization. 

5.11 GUN LAUNCHED AMMUNITION GAPS ASSESSMENT 

The questionnaire participants were asked about gaps in knowledge, technology and capability 
associated with the gun launch setback of explosives.  In particular, a large number of 
knowledge gaps were identified. 
 

5.11.1 Knowledge gaps 

What do you see as the knowledge gaps associated with setback ignition? 
• A material model for the behavior of the energetic under combined adiabatic 

compression, shear and mechanical deformation leading to self-heating 
• Actual loads experienced by the explosive during gun launch.  rho*g*h is a poor 

estimate.  Yet little testing since Collett gathered data on M549 decades ago. 
• What is the history of premature reactions that have occurred?  Is there a database 

available that provides technical details on accidents that were attributable to the  in-
bore setback environment?  Quite a bit of information is available from 50+ years ago 
but if there is more recent information that has been documented and summarized, I am 
not aware of it.Is setback sensitivity affected by temperature variation? At elevated 
temperature (as seen in a hot gun scenario), does launch risk increase? Does projectile 
diameter have any bearing on setback sensitivity?" 

• There is a lot of missing information around hot gun issues when rounds become stuck. 
There is a belief that the fill may melt and the integrity of the fill is in question once 
cooled. This may be the case for fills such as Composition B, but I do not believe this is 
the case for all melt cast formulations. Some of these fills are so packed with solids that 
upon melt there is little to no sedimentation or shrinkage as the fill cools. 

• We have not been able to tell the failure mechanism.  Usually is a combination of 
frictional heating, adiabatic compression, jetting, uncoated nitramines, etc.  Need to get 
a better handle on subscale testing and determine best simulator to use for screening 
explosives.  Need to have a method for end item faulted round testing to give program 
managers and engineers more confidence in design thresholds. 

• Limited data and comparison of the mechanical properties for initiation of a reaction. 
• There seems to be little data to compare/validate specific relevant items to setback such 

as a)  loading/stresses on a explosive fill during launch and modeling data, b) ability to 
measure contributing factors to heating (adiabatic compression, shear flow, friction, 
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impact) in laboratory or gun launch experiments, c) how a variety of aging/environmental 
factors on explosive fills over time 

• Alot of things.  How to create relevant environments in a laboratory setting so that 
inspection criteria can be developed. 

• As indicated above, Land UK believes that further work is required to better understand 
the set-back pressures that the explosive filling experiences during gun launch. 
Specifically, the effects of spin, material type (e.g. melt-cast vs. PBX), interaction with 
the projectile wall (e.g. adhesion, friction) and deformation/failure around defects are not 
sufficiently understood. We also believe that there remains considerable uncertainty 
over the mechanisms that cause ignitions when filling defects (as described above) are 
subjected to set-back pressures. The processes for propagation from ignition to violent 
reaction (explosion or detonation) of the bulk explosive filling under these conditions are 
also not well characterised. 

• In our modeling efforts we encountered a number of challenges, for example: After 
cavity collapse, heat is conducted to the explosive. This initiates reaction which than 
may spread. Solving the dynamics of this in a coupled fashion is really challenging. New 
experiments that are carefully instrumented are necessary to guide the modelling. 

5.11.2 Technology gaps 

What do you see as the technology gaps associated with setback ignition? 
• We have no models that predict it 
• Actual initiation methods and sites within a defect. 
• Develop evaluation Methodology to assess safety/performance of munitions with HE 

defects.  Develop Experimental & Computational Toolset for characterizing parameters 
of HE with defects.  Utilize New Predictive Capability to evaluate existing munitions and 
enhance confidence in munitions operation. 

• Pressure and duration of the set back for transition of explosive fill from a burn reaction.  
5 inch faulty unit testing shows peak pressure and duration are factors. 

• There is a lack of data gathered during most tests, simple go-nogo events are useful but 
do not provide any insight on what conditions are occurring to achieve onset. 

• Validated explosive material models, instrumented projectiles to assess reaction levels 
• The instrumentation required to observe/measure the phenomena highlighted above, 

particularly if the intended application is an explosive-filled gun-launched projectile. 
 

5.11.3 Capability gaps 

What do you see as the capability gaps associated with laboratory setback testing? 
• The tests have many deficiencies that need to be resolved through modeling 
• I am attempting currently to get the Indian Head Setback Simulator to Picatinny Arsenal 

and at the same time attempt to incorporate a visualization method into its use, so that 
initiation of the explosive can be viewed.  I hope this would address one of our current 
gaps. 

• Expense of testing full rounds vs. scale for testing smaller samples. Is testing a 1inch 
pellet the same as testing a full rounds? 

• I'm not sure what all the gaps are, but these are what I think requirements of an 
laboratory actuary should be: customizable defect size, ability to tailor loading rate and 
document it each time, monitoring the onset of reaction in the sample. 

• Need to generate more data.  Looking into PDV and windowing experiments to see 
when reaction occurs.  Scaling of experiments. 

• Control of simulated setback duration. 
• There data that is recorded is somewhat limited. Additional instrumentations for 

visual/temperature recording could be useful in testing .Comparison of event and 
loading of a small sample and how it relates to a larger explosive fill in a munition or 
warhead. 
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• The laboratory set-back test systems that Land UK is familiar with have been developed 
to subject a given test sample to a specified loading profile. There remains a challenge 
to develop test samples and laboratory-scale tests that more accurately reproduce filling 
defects and all relevant aspects of the gun launch environment. Similarly, with the 
knowledge and technology gaps highlighted above, we believe that the capability to use 
computational models to simulate these scenarios is currently very limited. 

 
Recommendation: gather information related to identified gaps and work as a 
community through the Gun Launch Setback Ignition Study Working Group to help fill 
the identified gaps. 

6 SUMMARY OF RECOMMENDATIONS 

This is a summary of the recommendations.  Explanations for these recommendations have 
been provided in the core of this document: 
• Gather all available documentation of explosives under gun launch in a single repository 

using the MSIAC ShareFile.  Make the ShareFile repository available to the Gun Launch 
Setback Ignition Study Working Group. 

• The Gun Launch Setback Ignition Study Working Group should work towards the 
development of standard assessment protocols for: 

o Acceptability of explosives for gun launch 
o Acceptable defect types, sizes, distributions 
o Acceptable defect identification methods  

• MSIAC recommends the following process for the Gun Launch Setback Ignition Study 
Working Group 

o Review and generation of gun launch data for explosive fills to include acceleration, 
spin and acceleration perturbations 

o Develop further data on fill stress histories 
o Conduct a review of historical premature Incidents 
o Conduct a review of explosive mechanical response modeling under gun launch and 

in setback actuators including existing modeling, current state of the art for energetic 
mechanical response material models and defects modeling. 

o Develop of best practices document (STANREC) to include: statistical analysis and 
quantitative risk protocols; defect identification methods; explosive acceptability 
process; and acceptability process for defect types, sizes and distributions. 

o Use the new STANREC as a basis to develop or update standards for the 
acceptability of explosives for gun launch; acceptable defect types, sizes, and 
distributions; and defect identification methods. 

7 CONCLUSIONS 

This study was an efficient way to identify recommendations to develop or update NATO 
standards for the suitability of explosives for gun launch.  AC/326 SG/A previously chartered the 
Gun Launch Setback Ignition Study Working Group.  The working group goal is to develop a 
new AOP document for standardizing the approach to test and evaluate the safety of energetic 
materials and munitions to setback loading.  The working group has reviewed the questionnaire 
results and recommendations.  The working group lead presented and discussed these 
recommendations with AC/326 SG/A.  The recommendations, including the path forward for 
developing NATO standards for the suitability of explosives for gun launch, were accepted by 
the AC/326 SG/A.  According to the new requirements in the NATO documentation, the 
technical content of any new or updated STANAGs will be migrated into associated AOPs. 
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Appendix 1: Questionnaire on the on Gun Launch Explosive Setback 

 
 
Purpose 
The purposes of this questionnaire are to: 

• Identify issues related to gun launch explosive setback 

• Identify issues related to setback actuator testing 

• Identify and share best practice 

• Make recommendations to develop a related STANAG  if needed 

 
The questionnaire is being sent to ammunition boards, test centers (governmental and private), and 
program offices.  Provide a “N/A” if the question response would be irrelevant for your specific group. 
 
After analysis of the survey, MSIAC will provide a report and a briefing to AC/326 SG/A in order to help 
this group decide on a path forward and if a STANAG should be developed or not. 
 
References 
STANAG 4761 & AAS3P-20 - Large Calibre Artillery and Naval Gun Ammunition Greater than 40mm 
STANAG 4170 - Principles and Methodology for the Qualification of Explosive Materials for Military Use 
AOP-7 - Manual of Data Requirements and Test Procedures For the Qualification of Explosive Materials 
for Military Use 
 
Timing 
Please complete and return the survey to e.baker@msiac.nato.int by the 27th July 2018. 
 
Points of contact 
Please feel free to forward the notification of this questionnaire as appropriate or inform MSIAC if you 
believe that another office or person should receive this notice. 

mailto:e.baker@msiac.nato.int
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First Name: 
Name: 
E-mail: 
Organisation: 
 
Country: 
Please select as appropriate: Test Center , Munition Developer , Test Approver , Test Scorer , 
Other   

 
Note: Please add a character to the yes or no column to indicate your answer ( e.g. ✓) 

Questions Yes No 

 Gun launch experimental data 

Have you or are you aware of gun launch experiments measuring behaviour of the 
explosive fill? (Y/N) 
Please provide reference information and comments 
 

Do you have or are you aware of balloting and axial acceleration gun launch 
information? (Y/N) 
Please provide reference information and comments 
 
Do you have irregular gun propellant burning information? (Y/N)  
Please provide reference information and comments 
 
Do you have spinning acceleration information? (Y/N)  
Please provide reference information and comments 

 

  

 Modeling and Characterization 

Have you done gun launch modelling of explosive fills? (Y/N) 
What energetic material models do you use? 
 
What mechanical properties characterization do you think is required? 
 
What material and fracture/failure models are available and/or required? 
 
What high rate, high pressure, and high temperature energetics mechanical 
properties characterization have you done or are you aware of?   
 
What applicable triaxial energetics mechanical characterization have you done or 
are you aware of? 
 
What modelling of ignition due to failure/damage of the explosive fill have you 
done or are you aware of? 
 
What high pressure burning characterization of explosives have you done or are 
you aware of? 
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Questions Yes No 

 Defects Requirements: Melt Pour Explosives 

What are your loading procedures and processes? 
 
What are your defects acceptability requirements? 
 
Do you know the history of your requirements (Y/N)? 
Please provide reference information and comments 
 
Do you know the technical basis of your requirements (Y/N)? 
Please provide reference information and comments 
 
Do you have examples of gun launched melt pour formulations? 
Please provide reference information and comments 
 

  

 Defects Requirements: Cast Cure Explosives 

What are your loading procedures and processes? 
 
 
What are your defects acceptability requirements? 
 
 
Do you know the history of your requirements (Y/N)? 
Please provide reference information and comments 
 
Do you know the technical basis of your requirements (Y/N)? 
Please provide reference information and comments 
 
Do you have examples of gun launched cast cure formulations? 
Please provide reference information and comments 
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Questions Yes No 

 Defects Requirements: Pressed Explosives 

What are your loading procedures and processes? 
 
 
What are your defects acceptability requirements? 
 
 
Do you know the history requirements (Y/N)? 
Please provide reference information and comments 
 
Do you know the technical basis of your requirements (Y/N)? 
Please provide reference information and comments 
 
Do you have examples of gun launched pressed formulations? 
Please provide reference information and comments 
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Questions Yes No 

 Defects inspection and identification 

What are your defects inspection processes? 
 
What specific inspection equipment do you use? 
 
What is the resolution of your inspection equipment? 
 
What defects are observed? 
 
Do you have defect characterization information? (Y/N) 
Please provide reference information and comments 
 
Do you have defect size and frequency information? (Y/N) 
Please provide reference information and comments 
 
Do you have sectioned round information? (Y/N) 
Please provide reference information and comments 
 
Has the sectioned round information been compared to non-destructive inspection 
information? (Y/N) 
Please provide reference information and comments 
 
Do you have information on aged rounds? (Y/N) 
Please provide reference information and comments 
 
What concerns do you have for aged rounds (sublimation, crystal growth, exudation, 
growth, cracking, etc.)? 
 
Do you have information on CT scans of projectiles or explosive billets? (Y/N) 
Please provide reference information and comments 
 
Do you have projectile explosive filling defect images that you can share? (Y/N) 
Please provide reference information and comments 
 
Associated Comments 
 

  

 Laboratory Testing 

Do you have or have you had a laboratory setback actuator? (Y/N) 
How do you use the results? 
 
Is there any other associated testing or characterization that you conduct? 
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Questions Yes No 

 Evaluation 

How do you analyse the data from your setback actuator? 
 
What validation testing do you conduct? 
 
How do you apply statistics in the analysis of data from your setback actuator ? 
 
Should acceptability statistics be standardized? 
 
Should the methodology for statistical analysis be standardized? 
 

  

 Energetics Gun Launch Suitability Standardization 

What equipment and processes associated with setback testing should be 
standardized? 
 
At what level should this standardization be applied? 
 
Should best practice guidance be developed for an assessment methodology? 
 
Should an assessment methodology for energetics acceptability and defects 
acceptance criteria be standardized? 
 

  

 Gap Identification 

What do you see as the knowledge gaps associated with setback ignition? 
 
What do you see as the technology gaps associated with setback ignition? 
 
What do you see as the capabilty gaps associated with laboratory setback testing? 
 

  

 

 


