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When the process to prohibit cluster munitions started, 
all submunitions without self-destruct features (SD) 

were generally considered unacceptable
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Presentation Notes
19 years ago, in November 2006, Norway started the process to prohibit cluster munitions, when it announced in the UN in Geneva that it would convene an international meeting in early 2007 to work toward a treaty banning cluster munitions. At that time, no state was really working to defend or keep cluster munitions with submunitions that did n0t have self-destruct features. They were on Human Rights Watch’ worst offenders list, and were generally considered unacceptable by most states. This included submunitions of the types M42 and M46, that are shown in the photos, and that the US has transferred large amounts of to Ukraine.



Were SD submunitions the solution, 
or part of the problem?

Claims that bomblets with self-destruct
mechanisms (SD) reduced cluster munitions’ failure
rates and that this provided a sufficient level of 
protection for civilians.

Proposals to not prohibit cluster munitions with
bomblets that had SD and/or that satisfied a 
maximum failure rate requirement, of e.g. 1%.

Presenter Notes
Presentation Notes

What the discussion centred around, instead, was whether the newer submunitions that had some kind of self-destruct mechanism were the solution to the problems that cluster munitions cause, or part of the problem. 

Many states argued that submunitions with self-destruct mechanisms should be exempted from the prohibition because they reduced the failure rate. Some states wanted to include a maximum failure rate requirement of 1% in the prohibition. 



The M85

The «benchmark» SD 
submunition.

Test results showed between
1%-2.3% failure rate.

Documented to have been used 
in combat: 

Iraq 2003, Lebanon 2006.

Part of the solution, or part of the
problem? 

Presenter Notes
Presentation Notes
The M85 and what we call the M85 family (because there are several similar versions with different names) had become the symbol of submunitions with self-destruct mechanisms. It was widely acknowledged as the best available technology with the lowest possible failure rate. The producers presented test results that showed failure rates down to 1%, and this convinced many countries, including Norway, to buy them. Their use was documented in Iraq in 2003, and then again in Lebanon – in 2006.
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Presenter Notes
Presentation Notes
So when Norway invited all States to come to Oslo to discuss what to actually prohibit, Norwegian People’s Aid had already entered into a partnership with the Norwegian Defence Research Establishment (FFI) and the EOD expert Colin King to examine the performance of the M85 submunition in combat conditions in Lebanon. And thanks to a fantastic cooperation with the Norwegian Armed Forces we also examined the limitations of testing regimes. Together, we published this report M85 – An analysis of reliability, which informed the negotiations on the CCM in 2008. Long story short – submunitions with self-destruct mechanisms were not exempted from the prohibition. 




Key lessons
• Difference between submunition failure rates obtained 

during testing and combat use. 
• Submunitions are, per se, compromise technology that, 

under operational conditions, will always generate 
unacceptably high levels of duds. 

• Self-destruct features can lower failure rates, but their 
potential to do so is limited. 

• Complex self-destruct mechanisms create more 
unpredictable submunitions that further complicate and 
endanger post-conflict clearance. 
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Presentation Notes
The key lessons that were learned from our research in the M85 report, and that remains just as valid today, were these:
 
• There is a substantial difference between submunition failure rates obtained during testing and those observed as a result of actual combat use. 
• Submunitions are, per se, compromise technology: they have to be small and packed together tightly in a container and this drives unavoidable design trade-offs between effectiveness and reliability. Under operational conditions, therefore, they will always generate unacceptably high numbers of duds. 
• While safety and self-destruct features can lower failure rates, their potential to do so is limited. 
• Complex self-destruct mechanisms can also create more unpredictable submunitions that further complicate and endanger post-conflict clearance.



Lithuania’s notification of withdrawal:
“significant advancements in the technology and precision of 
cluster munitions have reduced the risk of unexploded 
ordnance and civilian casualties, and the Republic of 
Lithuania is committed to adopting these advanced 
munitions, which include enhanced safety mechanisms and 
self-destruct features, thereby minimizing humanitarian 
concerns associated with their use, and by withdrawing from 
the Convention on Cluster Munitions, Lithuania can continue 
to invest in and deploy these improved technologies 
responsibly” 

But no such enhanced munitions exist, and 
no such munitions are on the horizon.

Presenter Notes
Presentation Notes
Fast forward to today, we see that some European states want to withdraw from the CCM. Claims are being made, for instance in Lithuania’s notification of withdrawal, that “significant advancements” have been made in cluster munition technology since the adoption of the CCM in 2008 that have reduced the risk of unexplode ordnance and civilian casualties or that “enhanced safety mechanisms and self-destruct mechanisms” are now available that “minimize humanitarian concerns” associated with the use of cluster munitions. 

But this is simply not true. You should be highly skeptical when claims like this are made. And that’s why we have decided to relaunch the M85 report. Because we see that it is important to revisit the data, analysis, and conclusions this report contains, to inform decision-making.




Some development and manufacture of new submunition 
types with new types of self-destruct mechanisms have 
been document (Russian).

Since the negotiations in 2008…

• No new cluster munition is on the market 
or in development that meaningfully alters 
the key conclusions of the M85 report.

gretheo
Presentation Notes
Since the negotiations in 2008, some development and manufacture of new submunition types with new types of self-destruct mechanisms have indeed been documented (notably in Russia). But no new cluster munition is on the market or in development that meaningfully alters the key conclusions of the M85 report.



NPA rejects 1% claim
• Norwegian People’s Aid rejects claims that a 

submunition can be manufactured that can 
achieve a 1% failure rate in combat conditions. 

• If 1% were possible, it would still cause 
unacceptable levels of unexploded ordnance. 

• Had all cluster munitions used over South 
Lebanon in 2006 had only a 1% failure rate, a 
legacy of roughly 40,000 duds would still have 
resulted. 

Presenter Notes
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Norwegian People’s Aid rejects claims that a submunition can be manufactured that can achieve a 1% failure rate in combat conditions. More importantly, even if a 1% rate were achievable in practice, this would still cause unacceptable levels of unexploded ordnance. Had all cluster munitions used over South Lebanon in 2006 had only a 1% failure rate, a legacy of roughly 40,000 duds would still have resulted. 



«But all munitions have a failure rate…»

Comparing the dud potential of cluster munitions and 
those of unitary munitions.

Munition type No. used Likely no. of duds at 
10% failure rate

Unitary ATACMS 500 50

Cluster ATACMS 500 x 950 M74 
bomblets

47,500

Presenter Notes
Presentation Notes
It also misrepresents a very serious field reality to respond to humanitarian concerns regarding cluster munitions by arguing that “all weapons have a failure rate and leave behind duds”. Because the problem with cluster munitions is scale. The sheer number of submunitions involved radically alters the potential for duds. For example, if a unitary Army Tactical Missile System (ATACMS) missile and the cluster version of ATACMS that carries 950 M74 submunitions shared a hypothetical 10% failure rate, an attack using 500 of the unitary missiles would produce 50 duds, while an attack using 500 of the cluster missiles would produce 47,500 duds. There really is no way to compare those numbers.




High numbers
+ 

Small and sensitive 
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In addition, submunitions are typically smaller and more sensitive than unitary munitions. A child can easily pick up a small submunition lying on the surface, but not a large projectile. So when combining the small size and large numbers of unexploded submunitions, you get a high probability that they will be handled by humans. To this, we need to add the fact that they are more sensitive and therefore more likely to detonate when handled. This means that the threat from unexploded submunitions is entirely disproportionate to that from unitary munitions. And this is the reality in the field.



Military utility is overstated

• Overtaken by newer technologies.
• Alternatives are available.
• Reintroducing them into European 

arsenals is not military necessary, while 
the negative impact is undeniable.

• Eroding the principles of international 
humanitarian law that underpin the CCM is 
a self-defeating logic. 

Presenter Notes
Presentation Notes
Much of the current debate also overstates the battlefield value of cluster munitions. In reality, any military utility that these weapons have had has been overtaken by newer technologies. So reintroducing them into European arsenals would not be militarily necessary. Alternatives to cluster munitions are available that do not endanger civilians, humanitarian relief operations, peacekeeping forces, and the user State’s own forces. 




Examples of individual M85 duds found in Lebanon

Presenter Notes
Presentation Notes
Let’s talk a little bit more about the findings in the M85 report.

These are examples of individual M85 duds found in Lebanon, documented by our deminers.



Controlled testing Use in combat
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And the photo here on the left is from the testing range at Hjerkinn in the mountains of Norway, where the Norwegian Armed Forces and those of some other countries as well conducted their tests of the M85 submunition and other cluster munitions. The photo on the right is from clearance of cluster munitions in Lebanon in 2007, after they were used there by Israel. 

Testing is one thing. And real world use something completely different. Armed forces and weapons producers never investigate the actual failure rate of weapons when they are used in combat. Mine action organizations on the other hand, do exactly that. And our deminers know that in conflict after conflict there has been a wide gulf between test results and the information they gather.



Testing
Good ammunition
Careful deployment
Favourable weather
Hard, level ground
No vegetation

gretheo
Presentation Notes
This is another photo from the Norwegian testing ground at Hjerkinn, which allowed for the world’s most advanced testing regime for cluster munitions. Nevertheless, the conditions were considerably removed from a realistic scenario.

Test results are nothing but the lowest failure rate that it is possible to achieve for a munition in controlled circumstances. They take place with good ammunition, that is carefully deployed and if the weather is bad the tests are cancelled because then the measuring equipment won’t work. And most importantly the tests take place against hard, level ground. 

Failure rates in actual combat will always be higher. In actual combat when the ground often is soft and there is vegetation, the failure rate increases - because the impact with the ground is not sufficient to make the bomblet detonate.



The limitations of testing
 Common testing regimes 
produce very optimistic indications 
of performance because of 
favourable conditions and narrow 
parameters. 

 Test results are therefore misleading as predictors of the 
actual risk to civilians.

 Greater discrepancy between testing and operational 
performance for submunitions than for other ammunition, 
because they are small and more vulnerable to changes in the 
environment.

Presenter Notes
Presentation Notes
It is clear that in general testing produces very optimistic indications of a weapon’s performance, and that test results are misleading as predictors of the actual risk to civilians.

In adition, there is an even greater difference between testing an operational performance for cluster munitions than for other ammunition, because the submunitions are so small and more vulnerable to changes in the environment.



Tests of submunitions with self-destruct
mechanisms are particularly unrealistic:

 When testing against hard ground, most 
of the bomblets detonate on impact with
the ground, and the SD is never tested –
and thus potential problems do not 
appear.

 If the same bomblets were to fall in soft 
ground, many more would not detonate
on impact – and then potential problems 
with the SD will appear – and the number
of duds will be higher.

 In the Norwegian 2006 tests a total of only 26 detonations
(out of more than 9,300) were caused by SD. 

Presenter Notes
Presentation Notes
On top of that, test results for submunitions with self-destruct mechanisms are particularly unrealistic, because the hard ground conditions in tests favour the primary impact fuze, and actually leave the self-destruct device largely untested. It is then only when the submunitions are used in combat conditions where the environment causes the impact fuze to fail far more often, that the self-destruct mechanism is really put to the test – and where its limited potential is revealed.

In the Norwegian 2006 tests a total of only 26 detonations (out of more than 9300) were caused by SD. 






Research conclusion:

• A consistent dud rate for M85, as used in 
Lebanon, around 10%.

Presenter Notes
Presentation Notes
The inescapable conclusion from the research in Lebanon was that M85 failed far more often than claimed by states manufacturing and stockpiling this bomblet. We saw a consistent pattern of a dud rate around 10%. 
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One example: This is the task dossier from one of the many sites where cluster munitions with M85 submunitions were used in Lebanon, and which formed part of our research.

In this area, we found that:

4 projectiles has been used; with 49 bomblets in each
1 complete failure – discounted (conservative methodology, we only counted duds from normal deployment)
3 projectiles functioned - 147 bomblets
17 unexploded bomblets found 

Failure rate: 11.56%



Keep in mind…
Favourable conditions for 

submunition reliability in 
Southern Lebanon at the
time. 

Performance would be 
even worse in other
environments.

Presenter Notes
Presentation Notes
Regarding the M85 research in Lebanon, it is important to stress that the conditions for high bomblet reliability were actually favourable in Lebanon at the time of use. Of the many adverse factors that can contribution to increase the failure rate of a cluster munition in combat, few were present in Southern Lebanon. The bomblets were of fairly recent manufacture, properly stored and maintained, deployed by professional soldiers, onto predominantly hard, lightly vegetated ground, in good climatic conditions. And the Israeli gun crews were in home territory and – not receiving counter-battery fire – with comparatively low levels of stress. So the failure rate for M85 and similar bomblets must be expected to increase further when old, poorly maintained stockpiles are used by undisciplend soldiers in more stressful and adverse conditions, and fired into soft, heavily vegetated ground. Which could easily be the case. For instance in Ukraine.



Compromise technology
• Submunitions are, per se, compromise

technology: their small size drives 
unavoidable design trade offs between
effectiveness and reliability. 

• Cluster munitions will always produce
unacceptably high numbers of duds in 
operational conditions.

Presenter Notes
Presentation Notes
Now, why was the reliability of M85 so much worse in combat than claimed by its manufacturers and stockpilers?

And can’t they just make them better? 

As I alreay mentioned, submunitions are, per se, compromise technology: they have to be small and packed together tightly in a container and this drives unavoidable design trade-offs between effectiveness and reliability. So you can try to make them better, but in actual combat, cluster munitions will always, under operational conditions, produce unacceptable levels of unexploded ordnance. 



The SD is a pyrotechnic fuse which should be ignited as the 
bomblet arms in flight, and which burns for 15 seconds. 
Should the primary impact mechanism fail when the bomblet 
hits the target/ground, then the SD fuse should set off the 
detonator, normally 5-7 seconds after impact.  

Presenter Notes
Presentation Notes
The self-destruct mechanism on M85 is a pyrotechnic fuse which is ignited as the bomblet arms in the air. The arming happens as this ribbon starts to rotate in the air and unscrews this firing pin, allowing this slide to extend (so that the detonator is aligned between the firing pin and the main charge). This hammer on the slide then swings round and ignites the pyrotechnic  fuze, which then burns for about 15 seconds (which is normally 5-7 seconds longer than it takes for the bomblet to fall to the ground). When the bomblet lands, the impact is supposed to make the firing pin fall down and set off the detonator. As we know, this often fails to happen. In that case the back-up pyrotechnic fuse should set of the detonator in stead. But unfortunately, this also far too often fails to happen. 



CARRIER FUZE FUNCTIONS

EJECTION CHARGE FIRES

ARMING PIN WITHDRAWS

RIBBON EXTENDS

FIRING PIN UNSCREWS

SLIDE MOVES ACROSS

LOCKING PIN ENGAGES

WINGS RELEASED SD IGNITER FIRED

SD FUNCTIONIMPACT FUZE

IMPACT WITH GROUND PYRO FUSE BURNS

FUSE FIRES BOOSTERPIN STRIKES DETONATOR

DETONATOR EXPLODES

MAIN CHARGE DETONATES

M85 FUZE 
SEQUENCE

gretheo
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It’s important to remmber that the functioning of submunitions requires a whole sequence of events to take place. This is an explanation of the operating sequence for M85, up to detonation, either by means of the primary impact fuze, or the back-up self-destruct mechanism. The more complex a fuzing system is, the more components and required actions there will be to go wrong.



CARRIER FUZE FUNCTIONS

EJECTION CHARGE FIRES

ARMING PIN WITHDRAWS

RIBBON EXTENDS

May fail because:
• Clip fails to release

• Ribbon becomes tangled

• Ribbon rips off (rivet fails)

• Two or more knot together

Presenter Notes
Presentation Notes
If we look at just one step in the process, like here, where the ribbon is supposed to extend, this may fail because

Clip fails to release
Ribbon becomes tangled
Ribbon rips off (rivet fails)
Two or more knot together



CARRIER FUZE FUNCTIONS

EJECTION CHARGE FIRES

ARMING PIN WITHDRAWS

RIBBON EXTENDS

FIRING PIN UNSCREWS

SLIDE MOVES ACROSS

LOCKING PIN ENGAGES

WINGS RELEASED SD IGNITER FIRED

SD FUNCTIONIMPACT FUZE

IMPACT WITH GROUND PYRO FUSE BURNS

FUSE FIRES BOOSTERPIN STRIKES DETONATOR

DETONATOR EXPLODES

MAIN CHARGE DETONATES

3 – 5 failure 
mechanisms 

for each

Presenter Notes
Presentation Notes
For each event in the operating sequence our research identified typically 3-5 things that can go wrong. Consequently there are at least 20 possible causes of failure during the arming sequence before the two fuzing systems (either the impact fuze or the self-destruct mechanism) become operative. If something goes wrong here, neither the impact nor the self-destruct mechanism will be capable of functioning.



CARRIER FUZE FUNCTIONS

EJECTION CHARGE FIRES

ARMING PIN WITHDRAWS

RIBBON EXTENDS

FIRING PIN UNSCREWS

SLIDE MOVES ACROSS

LOCKING PIN ENGAGES

WINGS RELEASED SD IGNITER FIRED

SD FUNCTIONIMPACT FUZE

IMPACT WITH GROUND PYRO FUSE BURNS

FUSE FIRES BOOSTERPIN STRIKES DETONATOR

DETONATOR EXPLODES

MAIN CHARGE DETONATES

~10 failure 
mechanisms 

for each

Presenter Notes
Presentation Notes
And then after arming there are an additional ten or so failure mechanisms for each of the stages involved in the functioning of the impact fuze and for the self-destruct mehcanism respectively. 




CARRIER FUZE FUNCTIONS

EJECTION CHARGE FIRES

ARMING PIN WITHDRAWS

RIBBON EXTENDS

FIRING PIN UNSCREWS

SLIDE MOVES ACROSS

LOCKING PIN ENGAGES

WINGS RELEASED SD IGNITER FIRED

SD FUNCTIONIMPACT FUZE

IMPACT WITH GROUND PYRO FUSE BURNS

FUSE FIRES BOOSTERPIN STRIKES DETONATOR

DETONATOR EXPLODES

MAIN CHARGE DETONATESFIRE

FAIL

Presenter Notes
Presentation Notes
So all in all there are several dozens of things that can go wrong before the submunition gets to the stage where the main charge detonates.




Missing ribbon

Bent retaining tab

Fragment damage

PRE-IMPACT DAMAGE

Presenter Notes
Presentation Notes
This dud from the Norwegian tests is an example of the kind of damage that can be done to a submunition during flight, after it left the container. It illustrates three of the major causes of failure. The ribbon has been torn off, excessive spin has caused the slide locking pin to bend over its retaining tab, allowing the spring to escape, and the bomblet has been damaged by fragments from nearby detonations. 



Presenter Notes
Presentation Notes
The submunitions can also be damaged during ejection from the container, where they are stacked together. As you can see the fuze of one bomblet sits within the base of the next, and the fuzes are therefore often scratched or deformed when they are ejected.
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Presentation Notes
Here is an example of a crimped fuze as a result of damage by an adjacent bomblet because of the levering effect during ejection. 



Failure analysis
Systematic failures relating to design and function

Human factors
• Rough handling
• Procedural errors
• Miscalculation of range/elevation
• The higher the charge, the higher the failure rate

 Environmental factors
• Poor ammunition storage or maintenance
• Ageing
• Extremes of temperature
• Cushioning of impact by soft ground or vegetation
• Ribbons cathcing on structures or vegetation

Presenter Notes
Presentation Notes
In addition to these many systematic failures relating to design and functioning which will always be the case for compromise technology, there are also human factors and environmental factors that cause submunitions to fail in even greater numbers – and that are beyond the control of the designer; such as improper use, poor ammunition storage, ageing, vegetation, and ribbons cathcing on structures or vegetation. 





Main takeaways
• Be skeptical!
• Better cluster munition technology is not available 

or on the horizon.
• Humanitarian harm is undeniable.
• Not militarily necessary to reintroduce cluster 

munitions. Alternatives are available.
• Base decisions on field realities and the CCM.
• Eroding the principles of international 

humanitarian law that underpin the CCM is a self-
defeating logic.

Presenter Notes
Presentation Notes
So these are the main points that I hope you will take with you from this presentation. Be skeptical when claims are made about low failure rates and new technology. Nothing new is available or on the horizon that changes anything. It is also not militarily necessary to reintroduce cluster munitions, and then why would you consider eroding the principles of international humanitarian law that underpin the CCM. 
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