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The Effects of Energetic Materials Ageing on Munition IM

Response
Background to Expert EWG Working Documents
1 Working Group on Ageing 4 Used to Generate FTA Logic
Diagrams
o TNT based Melt
2 Group Objectives Cast Explosives

3 EWG on Ageing work done Conclusion of Group on
IM Ageing
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History

» Group members from 6 nations representatives from:
France, Germany, ltaly, Norway, Sweden and UK
Il = jJ 5=F = EE
» EWG created in 2012.
» EWG Ageing: Effects of Ageing on energetic materials

» Describe the failure modes which impact the vulnerability
of Energetic Materials.

> Field of interest:

PBXs Melt-casts Propellants "

IMEMTS 2015 IMEMTS 2019 Coming soon &=
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Overall aim is to determine how ageing affects IM properties

» To describe the analysis performed by the different
companies in order to ensure the IM signature has not
changed due to ageing of the energetic material.

» The aim of the EWG is to build a European Approach of
evaluation of ageing of energetic materials inside the
munition body and validated by the European
companies involved in IMEMG.

» Common list of European qualification tests.
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Approach taken

» Expert meeting: sharing experiences to built a Fault
Tree. Fault tree considers relationship between:-
P Explosive response mechanisms and appropriate tests
» Munition IM response

Logic Diagram Inputs / Outputs

Explosives Test Methods Intemational Understanding
Explosives Test Data \ : “ Effects on IM Response

Explosives Response Characteristics

, Logic Diagram Baps in Test Data
Explosives Ageing Failure Modes = , MBthﬂ dﬂlﬂg

Explosives Expertise Gaps in Test Programmes
Intemational Collaboration Best Value Test Recommendations
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Fault Tree Analysis Methodology

» Logic Diagram in Fault Tree Analysis (FTA) format
preferred because:-

» Top down approach from single ‘top event’

» Clear visual link between ‘fault events’, tests and munition IM
response.

» Higher order response to IM stimulus
» SHOCK - Increased likelihood of SDT

» MECHANICAL - Increased response to mechanical input below
SDT threshold (DDT)

» THERMAL - Increased thermal response
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FTA — Top Level/Full Scale

Higher order Munition
reaction to IM stimulus

Order of Costs
~£1M

Higher ikeihood for Higher order Munizon

AR Shock 1o Higher orger Munition

res b <] .
01 | pewration Tramsmon 02 | ettt 03 | response to em
(SOT) below SOT threshold

Fragment Impact Bullet Impact Liquid Fuel / Extemal Fire
Sympathetic Reaction 12 m Drop Slow Heating
Shaped Charge Impact

Melts and PBXs Same
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FTA — ../Full Scale/Charge Scale

Higher OrderM unifion
IM Response

[\

Charge Scale
Tests

Order of Costs
- E100k

Higherlikelihood for
munition Shock to
Detonation Transition(SDT)

Higher ordermunition
response to mechanical
inputbelow SDT threshold

Again Melts and PBXs Same

Higher order munition
response to thermal threats

Higherlikelihood for
explosive SDTResponseto
Me chanical Input

Higherorderexplosive
response to mechanical

Inputbelow SDT threshold

Higher orderexplosive
response to thermal threats

Charge Scale Tests
Fragment Attack

Large Scale Gap Test

Charge Scale Tests
Tube Test Internal Ignition

Friability Test

Charge Scale Tests
Tube Test Fast Heating

Tube Test Elec . Heated
Tube Test Internal Ignition
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| Matarial Tests

FTA — .../Charge Scale/Material Tests

| Order of Costs |
Logic Diagram in FTA Format ~ £10k

Differences between PBXs and Melt
Casts at Material Test Level
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Logic Diagram - Benefits

» Provides an overview of effects of EM properties on IM
response.

» Can be tailored to suite range of Energetic
formulations.

» Can identify which tests offer the most value (most
frequent in logic diagram)
» Critical path
» lllustrates how available test data fits the big picture

» Could also be used to assess effects of energetic
Ingredients or process changes, in addition to ageing

» ldentifies gaps in test programmes and test data
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3 Working Documents

» To generate the logic diagrams for the different generic
formulations types three working documents are
populated:

1.Test methods including reference numbers for the
different nations.

2. Table linking the relevant test methods to possible failure
modes.

3.Generic comparison table of material properties to help
identify key differences between generic types.
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2 Link Between Failure Modes and Material Test

Explosive Material Tests

20|21 | 22 | 27 | 28 | 29 | 30|31 |32|33|34|3|37|38]| 39 40 41 | 42
0|5 c £ 13
Explosive Material Failure Modes 2 §2§§ 5| & -§ % é E 'ﬁg o S '§§
SE,| 9525 | Bl E| 5| I E| B g| ElBal2E B2
z| 8|E8|ss25|as| E| 5| 5| 2| | F| 5| 212g sg|cks e
¢ 2l32|28E5(58 2| 33| 2| 8|2 3| 2|58 g dsfed
S|l e|lwo|lEn|lpd|e 2 4|l a| S| @¢| o]l <| 3| T|o<| Sd|laoloF
12 Increased Porosity
14 Increased Sensitiveness
15 Increased Explosiveness
20 Loss of homogeneity - -:

21 Dusting

22 Cracking

23 Exudation

24 Sublimination

25 Gassing due to moisture ingress
26 Chemical degradation

27 Changes in Crystal Morphology
28 Explosive degradation

29 Changes to thermal properties - -
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Higher order Muniton

‘Logic Diagram’ — Extract from Melt Casts rescen to Mt

Test Type No. Description Standard B P e

mechanical input
bdow SDT threshold

02

3 Bullet STANAG
Impact 4241

Vs 12m Drop UN Test
A4(D) (i) [ ome muniion changes e Aot

eq: cas ing material, 05 to mechanical input
mitigation devices, beow SDT threshold
compatibility, moisture

Charge- 13 TubeTest - EMTAP35 | e
scale IM Internal
Ignition | |

14 Increased 15 Increased

16 Friability UN Test e ST

OR

Test 7(c) (i) é% —
Explosive 20 Visual - o e
Materlall 22 | Inspection of -
[Inexpensive, Sectioned
quicker, Charge
widely
available] EMG
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Y > Ageing TNT-based Melt Cast
Explosives

> Acknowledgements to NEXTER

Munitions for following slides
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»Changes due to time.. TNT
» Exudation due to migration impurities -
» Liquid Exudation is more sensitive than pure TNT

»Annealing process has been developed to it e

minimise defects sl I =
» Origin established from US-AR-38 procedure | { ;

»Defects such as
» Cracks, Porosity, Base Cauvity, Pipe

» Munition Manufacturers use STANAG 4224 and
4225 to evaluate the integrity of the main filling
throughout the ages, in fact no STANAG exists for
melt-cast explosives
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All Energetics

» Is the munition when first manufactured representative
of the likely IM response throughout the life of the
munitions for PBXs, Melt-Cast Explosive and
Propellants?

» MSIAC concluded there is insufficient test data to
draw definitive conclusions as the majority of open
literature data relies upon one IM test for determining
the IM response.

» Plus worse data may not have been published.

> Full details of this literature review will be available on
the MSIAC website In the near future.
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Specifically TNT based Melt Cast Explosives

» No open literature has been found on IM tests
performed on aged munitions.

» Limited information on melt-cast explosives ageing
studies.

» Available findings did not show any significant
variations when explosives artificially aged so a
change in IM response is not expected.
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Energetic Material

» Test performed in STANAG 4170 are able to
demonstrate ageing stability during time validated by
National Authorities.

» Ensure material safety within munition.

» Aim of IMEMG is to harmonize the European national
authorities’ mandatory tests.

» This will help us predict the ageing of the munition
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Monitor defects/changes in Energetic Materials

» Friability tests

» Tube tests (fast heating, electrically —slow— heated,
and internal ignition)

» Compare and contrast these tests between nations.

Munitions/System Ageing

» If change occurs during munition life it is likely to be
due to interface issues (casing/insulation and
energetics).

» Controlled by design
< IIVIEMS
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Options

2 o A

Ageing kinetics

Determination of Activation Energy, using thermal analysis
Simulation/modelling of ageing processes

Monitoring environmental profiles, natural ageing

How to take into account STANAG 4224 and 4225

Future demands of incorporation of tests in standards for IM
signature after ageing
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http://www.awe.co.uk/index.html
http://www.eurenco.com/
http://www.roxelgroup.com/
http://www.diehl.com/de/diehl-defence.html

