
Popular IM Day turns into a brand 

The issue of this IMEMG Newsletter is 

timely and coincides with a number of 

events. Firstly, I would like to welcome all 

our readers as the new President of the as-

sociation and thank Pierre-Olivier Vignaud 

for his time in office and his work in taking 

the organisation to where it is today.

This year, IMEMG passes its tenth birth-

day. It is fitting, therefore, that IMEMG 

hosts the fourth Insensitive Munitions 

and Energetic Materials Technology 

Symposium (IMEMTS) to be held in 

Europe in Rome, Italy from 18 to 21 May, 

with co-sponsors NDIA and MSIAC. 

Insensitive munitions technologies have 

matured to the extent where they offer 

cost effective benefits for the Warfighter 

during all stages of their service life. The 

IMEMTS provides the ideal showcase for 

these ready-to-use technologies and also 

innovative developments for tomorrow.

Over its first decade of life IMEMG has 

grown to encompass 21 defence com-

panies from 7 European nations. During 

this time IMEMG has forged a strategy 

to be recognised as the first port-of-call 

for the collective industrial viewpoint on 

Insensitive Munitions. It has reached this 

position through continuous communi-

cation with the stakeholder community, 

by fostering harmonised understanding 

and implementation of policies, regula-

tions and standards across internation-

al borders, and through the promotion 

of improved technologies to meet ever 

changing needs. 

To ensure it is up to date with develop-

ments IMEMG facilitates a series of Expert 

Working Groups on topics of mutual inter-

est and importance. To learn more about 

the progress of their endeavours - please 

read on.

The previous IMEMG sponsored 
event was an IM Day held in London 

in 2013. The theme of the event was 
“Is IM delivering for you?” and the aims 
were gathering lessons learnt so far, 
rationalising diverse European inter
pretations and reviewing emerging 
benefits. It was a great success with 
participation from international regu
latory bodies such as NATO, EDA 
and the UN as well as domestic and 
transnational defence procurement 
agencies, safety authorities, industry, 
test centres and the armed forces. 
The event highlighted a number of 
trends affecting the Defence commu
nity. Notably the increasing use of risk 
assessments by the military user and 
an expanding range of challenging war 

zones. Furthermore, NATO is becom
ing less prescriptive on IM design rules 
with greater integration with the gene
ral principles of Safety and Suitability 
for Service (S3). This has encouraged 
the wider utilisation of Threat Hazard 

Analyses (THAs) and Cost Benefit 
Analyses (CBAs) to replace more 
bureau cratic and time consuming 
waiver procedures. Above all there is 
ever growing evidence for the need to 
pool resources and expertise.
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ASSIM: a way to optimise IM signature specification  
[Cost & Benefit Analyses EWG]

A  Cost Benefit Analysis (CBA) approach can be used 
to demonstrate the technical and economic advan-

tages that justify the costs associated with the introduc-
tion of Insensitive Munitions –IM–/ Munitions à Risques 
Atténués –MURAT– . Tools such as CBAM and ACB were 
developed by MSIAC and IMEMG to estimate the costs to 
meet a required IM level. This analysis involves the de-
tailed comparison of the various ownership costs through 
the life cycle of the munition to identify possible savings 
with the use of IM.

A CBA approach has also generated the need for deriv-
ative tools not directly linked to cost calculations. The 
working group on CBA started developing the help-to-de-
cision tool ASSIM (Assistant to Specify a Signature for 
an IM/Murat – Aide à la Spécification d’une Signature 
IM/Murat) as a way for the various stakeholders to discuss 
and implement ALARP principles to IM specification.
Though the ultimate goal of manufacturers is to meet 
the requirements of STANAG 4439, only a few of the 

munitions currently in service munitions are fully IM 
compliant. This raises the question: why reach a full 
STANAG 4439 compliance if the residual risks are under-
stood and can be accepted? For a specified threat, would 
it be reasonable to accept a Type III response instead of 
the required Type V to ease the technical requirements? 
If the question is considered over the entire life cycle of 
the munition, are there sufficient arguments to support 
such a decision? The ASSIM tool was developed to help 
to tackle these questions. With no calculations, the aim 
was to provide a structure to facilitate the exchange of 
views on IM requirements between the manufacturer 
and other stakeholders during the specification and the 
decision phases.

The IMEMG Expert Working Group on Cost and Benefit 
Analysis highlights the primary functions of the ASSIM 
tool at the IMEMTS 2015 in Rome. Come and discuss 
development with IMEMG group members; they will ap-
preciate your feedback!
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Fast heating wants to be  green 

Many modern munitions are designed 
to be insensitive to outside influenc-

es and external aggressions. In order to 
classify munitions as insensitive, positive 
results to standard tests that simulate the 
effect of varied external environments 
must be accomplished. One such test is 
the NATO standard Fast Heating (FH) 
test to simulate munitions behaviour, 
when submitted to a liquid fuel fire. The 
FH test as described in STANAG 4240 
(edition 2) requires the test munitions to 
be engulfed in a jet fuel fire. Due to the 
environmental impact of burning jet fuel 
and the high cost of performing such a 
standard test, attempts have been made 
to replace jet fuel with an alternative 
method of heating the munitions, in 
representative conditions.

AN INTERNATIONAL EFFORT
Extensive theoretical and experimental 
studies were launched in recent years by 
fire experts in order to develop alternative 
facilities to liquid fuel fires. Innovative 
setups using liquid or gas injection have 
been experimented, from small ammu-
nition scale up to large rocket motor 
scale: horizontal / vertical gas or lique-
fied petroleum gas burners, sand-bed 
burner, radiant panels, etc.

CHANGE IN STANDARD TEST PROCEDURES
The next standard for the Fast Heating 
test should include alternative fire tests. 
The key question is then how to define 
the acceptance criteria for these new 
facilities.
If alternative fire test facilities can be 
compliant with the current STANAG 4240 
requirements, it is acknowledged that 
the flame temperature cannot be the 
only metric as changes in radiative and 
convective heat transfers are very like-
ly. Research studies are now focused 
on heat flux measurements. Several 
IMEMTS presentations (San Diego, 
2013) concluded that:
n  Alternative fire test facilities can pro-

duce similar heat loads as liquid fuel 
fires, typically 100-150kW/m²;

n  Spatial uniformity in propane fire tests 
can be comparable to liquid fuel fires.

REAL THREAT VERSUS EQUIVALENT 
APPROACH
Large liquid pool fires produce a buoyant 
turbulent diffusion flame characterized 
by soot formation and mainly radiative 
heat transfers. In the case of alterna-
tive setups, different heating process-
es can occur, depending on the setup. 
Parameters are typically the incident 
radiative heat flux (expected to be lower 
with “clean” gas burners), the test item 
emissivity (soot deposit or not) and the 
level of convective exchanges (function 
of burners position for example).
How to guarantee the consistency of IM 
signature in Fast Heating test whatever 
the fire test method ? IM results (time 
and level of reaction) depend not only 
on the total heat load received by the 
test item, but also on the spatial heat 
flux distribution and on the predominant 
heat transfer mode. In particular radiative 
parameters are of great importance com-
pared to convection in buoyant flames.
The next step to gain confidence in al-
ternative fire setups is to perform live 
comparative tests on different types of 
munition and to compare IM responses.

IMPACT ON IM DESIGN STUDIES
Access to alternative fire tests for FH 
assessment including qualification will 
mean a significant departure from the 
usual IM design processes. In particular,
n  The compliance of new alternative fire 

facilities with the calibration criteria 
defined by fire experts shall be clearly 
demonstrated. Test duplication shall 
be avoided.

n  In parallel to experimental character-
ization, the rise of alternative setups 
will also require additional efforts on 
the modelling side in order to support 
the analysis of alternative fire test 
results.

Alternative fire testing is coming soon, 
be prepared !
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(Courtesy of SBTC, Sweden)

Propylene gas burners
(Courtesy of Nexter, France)

LPG Fire  
(Courtesy of WTD91, Germany)

Radiant panel
(Courtesy of Herakles, France)
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[Harmonisation and improvement to the Test Procedure for Fast Cook Off (STANAG 4240) EWG]
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There’s always something happening on IM standards & regulations  
[Hazard Assessment & Classification EWG]

IMEMG’s Hazard Assessment & Classification 
Expert Working Group is devoted to critical 

analyses of IM standards & regulations with 
an industry view point. The group is busy and 
active; several proposals for text amendment 
are currently in progress. Such elements con-
tribute to the work of NATO AC/326 experts and 
MSIAC officers thus providing them with more 
pragmatic perspectives. 
For the moment, efforts focus on the AOP 
39 Response Descriptors: this regulation 
determines whether a tested munition is IM 
compliant or not. Yet, IMEMG’s experts are 
concerned because several criteria listed in 
this text can be understood and interpreted 
in different manners, such as the propulsion 
effect, for example. In addition, a few oth-
er requirements could be judged too severe 
in comparison to similar safety regulations. 
This is typically the case for the 20 Joules 
fragment specification that can be compared 
with the 79 Joules fragment projection cri-
terion used in the field of pyrotechnic sites 
safety rules to characterize the minimum dis-
tance allowed for the construction of inhabit-
ed buildings. Furthermore, several STANAG 
tests are being updated: Shaped Charge Jet 
4526, Bullet Impact 4241 and also Liquid 
fuel / External Fire 4240. As a consequence, 
it is quite important for munitions develop-
ers to anticipate these changes in order to 
get prepared. As an example, alternate fuel 

fire tests using less pollutant petroleum gas-
es will be an option to the standard  liquid 
fuel - pool fire test (STANAG 4240). In 
addition, AC/326 has implemented a new 
NATO rule: Documents related to STANAG 
tests will now be limited to the definition of 
the vulnerability threat. Descriptions of test 
set-ups and requirements about mandatory 
measurements will be relegated to specific 
AOPs (associated with their own STANAG 
test). IMEMG’s experts participate in discus-
sion about these changes through technical 
presentations and communication papers 
explaining their point-of-view. For example, 

the paper “Shaped Charge Jet STANAG - 
Propositions for an updated edition” was pre-
sented at the 2014 MSIAC Workshop in Brest 
- France. The document entitled “Insensitive 
Munitions Industry Contribution for the AOP 
39 Response Descriptors Improvements” is
to be presented at the 2015 IMEMTS 
Symposium in Rome - Italy. Such proposals 
require significant analytical work performed 
by industry experts but also need to encom-
pass different points-of-view in order to effi-
ciently deal with improvements to standards 
and regulations.

IM Card:  
2015 latest version
IMEMG presents its IM card which com-
pares the different national regulations 
of the member companies and the test 
requirements for the IM.
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Magazine / store fire or
aircraft / vehicle fuel fire 4240 FH V V V V V V V IV 2 V 3 V 3 V

Fire in adjacent magazine,
store or vehicle

4382 SH V V V V V V V III V V V

Small arms attack 4241 BI V V V V V V V III V V V

Most severe reaction of same munition
in magazine, store, aircraft or vehicle 4396 SR III III III III III III III III III III III

Fragmenting munitions
attack
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FI Heavy
Fragment
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Shaped charge weapon
attack
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REPRESENTATION OF THE IM REQUIREMENTS

STANAG 4439 “Policy for introduction and assessment of Insensitive Munitions” • AOP 39 “Guidance on the Assessment and Development of Insensitive Munitions”

Any variation in the threats shall be justified through an approved munition Threat Hazard Analysis (THA).

The IM Signature is assessed for any particular configuration of a munition during its life cycle.
1 Type I or more, as per THA 2 Without propulsion 3 Only after five minutes 4 All EM compliant with UN Orange Book Test Series 7
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IM simulation, a must for the industy  
[A review of computer models to aid the design and assessment of IM performance EWG]

E ight permanent members from seven nations have contributed to 
the progress of the group. In total eight meetings were arranged. 

Each participating company presented its own methodo logy for 
IM scenario simulation. The product portfolios of the participat-
ing companies cover a 
broad field from  igniters, 
shells and warheads 
to missiles. The IM 
threats for these var-
ious products are not 
all of equal signifi-
cance and therefore 
most companies have 
put their own specific 
emphasis on different 
computer models. In 
this way the partic-
ipants learned that 
for example thermal 
threats are of lower 
significance for war-
heads - quite simple mitigation devices guarantee moderate 
reactions. On the other hand, the rocket motor propellant of 
missiles is very sensitive to elevated temperatures and can 
react very violently. Simulation of the Slow Cook Off aggres-
sion for propellants requires good understanding of reaction 
kinetics.
Computer modelling covers the use of spread sheets, analyt-
ical models, in-house codes and most often the application 
of software tools that are based on Finite Element or Finite 
Volume theory - so called CAE1 tools. There are also many 
specialised applications. They are applied when simulating 
high speed events like bullet impact or shock transition but 
also when transient processes like heat transfer, burning or 
pyrolysis are studied. Two quasi-open software tools, Fire 
Dynamics Simulation (NIST) and TEMPER (MSIAC), have 

been evaluated and checked for possible use within the par-
ticipating companies. Pros and cons have been determined. A 
list of software tools  was prepared, their assets and drawbacks 
were highlighted.

A gap analysis with re-
spect to capabilities in 
simulation of IM sce-
narios was performed. 
Most members predict 
a challenging increase 
of simulation in the 
fields of IM.
This EWG proves 
that it is possible to 
exchange knowledge 
between collaborat-
ing companies even in 
fields where advances 
can be a decisive fac-
tor for business devel-
opment. This review is 

only a first.  There is a huge field where simulation experts are 
looking for collaboration:
n  Harmonisation of simulation procedures
n  Definition of input data, material properties and test pro-

cedures to obtain these input data
n  Coupling of codes
n  Setup of live tests to obtain maximum input for simulation

All such activities could finally culminate in a study about 
ROI2 for computer modelling. Smart simulation can reduce 
expensive testing and improves the understanding of involved 
physics.

IMEMG’snews N°6 May 2015 l5

Fields where EWG 
members utilise 
computer modelling

A new member company:  
HIRTENBERGER DEFENCE SYSTEMS GmbH & Co KG (HDS) joined in 2014

HDS is a highly specialized system provider with many years of 

experience in development, manufacture, and sale of military 

ammunition and weapon systems. 

Founded on customer-orientation and advanced know-how on 

explosives, materials, and chemicals, HDS is an experienced de-

veloper and manufacturer of standard and insensitive munitions. 

HDS’ insensitive munition technology mit-

igates adverse effects of accidents and 

mishandling during transport, storage, 

handling, and use as well as external threats. As part of the 

Austrian-based HIRTENBERGER GROUP, HDS acts as an indepen-

dent world-wide supplier.

1. Computer Aided Engineering 
2. Return on Investment
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IM through the ages  
[The Effects of Ageing on the Properties of Energetic Materials which could Affect IM Response EWG]

An expert working group (EWG) was set 
up to examine the effects of explosives 

ageing on the IM response of munitions.
The effects of the changes that occur with 
ageing are not always obvious to us.
Changes in the characteristics of an 
explosive over time could mean that a 
demonstration of IM response on a pristine  
munition is not necessarily valid through-
out a 25 year service life.
A methodology was developed using 
a logic diagram in Fault Tree Analysis 
(FTA) format to identify potential ex-
plosive degradation mechanisms, and 
illustrate links to explosive test data and 
the effects on munition IM response. 
The clear visual representation promotes 
an understanding of the logic used 

and provides a framework for sharing 
expertise.
Full scale IM demonstrations are expen-
sive and time consuming to undertake, 
and the logic diagram illustrates how 
confidence can be gained from charge 
scale and small scale testing to support 
an IM assessment. This could be parti-
cularly valuable to confirm the retention 
of IM characteristics during in-Service 
examinations.
The methodology promotes a holis-
tic (not fragmented) approach to the 
assess ment of IM characteristics after 
ageing, which focuses on potential fail-
ure modes rather than tests. It enables 
the most valuable material tests to be 
identified (those linked to the most 

material failure modes), and can influ-
ence test programmes for both qualifi-
cation and in-Service test programmes.
The initial focus was on cast cure PBX 
compositions: this was the topic of 
most common interest of working group 
members. Having constructed the logic 
diagram, data from testing of aged ex-
plosives and munitions was collected, 
including full scale IM trials, charge 
scale tests and material tests. The pur-
pose of test data collection was to review 
the current body of evidence regarding 
the impact of explosives ageing on IM 
response, and examine specific examples 
of degradation seen in testing.
The full scale IM test results reviewed 
revealed no significant effects due to 
ageing. Charge scale data (predomi-
nantly LSGT) was generally in agreement, 
but there was evidence of an increase 
in shock sensitiveness after ageing 
with some RDX sources (containing 
HMX). Material tests generally showed 
a decrease in maximum strain and an 
increase to some extent in maximum 
stress, modulus and hardness, but this 
has not been seen to have a significant 
impact on sensitiveness or explosiveness.
The study is ongoing and will next exam-
ine the effects of ageing on composite 
propellants and melt cast explosives.
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