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•• Cast Cured Plastic Bonded Explosives enable to reac h the IM / MCast Cured Plastic Bonded Explosives enable to reac h the IM / M URAT URAT 
signature requirements while preserving high perfor mances.signature requirements while preserving high perfor mances.

•• At first, only large munitions were concerned but n ow this imprAt first, only large munitions were concerned but n ow this impr ovement is ovement is 
possible for all munitions, including tank, artille ry and mortarpossible for all munitions, including tank, artille ry and mortar shells.shells.

•• Today it is desirable for customers to obtain Insen sitive MunitToday it is desirable for customers to obtain Insen sitive Munit ions filled ions filled 
with Cast Cured PBXs at a price as close as possibl e to usual muwith Cast Cured PBXs at a price as close as possibl e to usual mu nitions with nitions with 
melt cast or pressed compositions. melt cast or pressed compositions. 

•• This challenge has been taken up using a continuous  process forThis challenge has been taken up using a continuous  process for shell shell 
filling.filling.

•• This is achieved by using an innovative biThis is achieved by using an innovative bi --component technology applied to component technology applied to 
Cast Cured PBX shell filling Cast Cured PBX shell filling (EURENCO's Patent / FRANCE #0201213 / USA #6916390 / (EURENCO's Patent / FRANCE #0201213 / USA #6916390 / 
JAPAN #3740128 / ISRAEL #153983 / SINGAPORE #105568  / TAIWAN #20JAPAN #3740128 / ISRAEL #153983 / SINGAPORE #105568  / TAIWAN #20 6228 / SOUTH AFRICA 6228 / SOUTH AFRICA 
#2003/0557#2003/0557…… European and others countries patents pending).European and others countries patents pending).

•• The new integrated workshop is already commissioned  and the masThe new integrated workshop is already commissioned  and the mas s s 
production for production for RheinmetallRheinmetall will start in June 06.will start in June 06.
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EURENCO Integrated Workshop in Sorgues PlantEURENCO Integrated Workshop in Sorgues Plant
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•• The insensitiveness properties of the CastThe insensitiveness properties of the Cast Cured PBXs allowed an Cured PBXs allowed an 
integrated workshop design.integrated workshop design.

•• Indeed, it has been established that no stimulus in  process phaIndeed, it has been established that no stimulus in  process pha ses can ses can 
outcome any detonation neither by SDT (shockoutcome any detonation neither by SDT (shock --toto --detonation transition) nor detonation transition) nor 
through DDT (deflagrationthrough DDT (deflagration --toto --detonation transition).detonation transition).

•• The maximum risk considered is the Cast Cured PBX c ombustion wiThe maximum risk considered is the Cast Cured PBX c ombustion wi th some th some 
moderate thermal flux effects.moderate thermal flux effects.

�� Sufficiently convincing demonstrations were given to the FrencSufficiently convincing demonstrations were given to the French h 
Authorities in order to classify the manufacturing process in 1.Authorities in order to classify the manufacturing process in 1.3 HD 3 HD 
(Hazard Division)(Hazard Division)

•• This classification has allowed to reduce significa ntly the capThis classification has allowed to reduce significa ntly the cap ital ital 
expenditure  devoted to the new workshop.expenditure  devoted to the new workshop.
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•• The integrated workshop has 1200 meter square area.The integrated workshop has 1200 meter square area.

•• The production line is fully automated from shell b ody The production line is fully automated from shell b ody 
washingwashing --up to final Xup to final X --Ray control.Ray control.

•• This integrated workshop is operated usually by fiv e This integrated workshop is operated usually by fiv e 
people team. people team. 

•• It allows filling of 50,000 155 mm shells per year or It allows filling of 50,000 155 mm shells per year or 
100,000 120 mm shells per year.100,000 120 mm shells per year.

•• At each step, the process is controlled and traceab ility At each step, the process is controlled and traceab ility 
in insured through bare code system.in insured through bare code system.

Bar Code to Bar Code to 
identify each itemidentify each item

Handling RobotHandling Robot
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•• This technique enables to achieve the PBX preparati on and to fiThis technique enables to achieve the PBX preparati on and to fi ll the shells ll the shells 
preserving the quality of the material: charge homo geneity, absepreserving the quality of the material: charge homo geneity, abse nce of nce of 
porosityporosity ……

•• At each step, this process design insures the integ rity of the At each step, this process design insures the integ rity of the explosive explosive 
charge and avoids any source of "properties" degrad ation (shockscharge and avoids any source of "properties" degrad ation (shocks , drops, , drops, 
foreign material foreign material ……).).

•• Worker operations are strongly limited: these are e ssentially tWorker operations are strongly limited: these are e ssentially t he feeding of he feeding of 
production line and the process control.production line and the process control.
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Curing OvenCuring OvenCuring OvenCuring Oven

AntiAnti --SD PalletSD PalletAntiAnti --SD PalletSD Pallet

BiBi --Component Component 
filling systemfilling system
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•• The various process phases are summarized on this f lowchart :The various process phases are summarized on this f lowchart :

Transfer Transfer 
palletpallet

Water & Water & 
DetergentDetergent

Liner or Liner or 
VarnishVarnish

Component Component 
AA

VarnishVarnish StorageStorage

Component Component 
BB

Shell Shell 
Bodies Bodies 

MakeMake--up of up of 
Transfer PalletTransfer Pallet

CleaningCleaning

Shell Shell 
preheatingpreheating

Liner or Varnish Liner or Varnish 
CoatingCoating

PackingPacking

Shell Filling by Shell Filling by 
bibi --component component 

technique technique 
(static mixer)(static mixer)

Fuze Housing Fuze Housing 
by Punchingby Punching

PBX CuringPBX Curing

FinishingFinishing XX--Ray CheckingRay Checking
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•• The Cast Cured PBXs used in this workshop are class ic compositiThe Cast Cured PBXs used in this workshop are class ic compositi ons :ons :

�� Based on inert binder (HTPB, PU Based on inert binder (HTPB, PU ……) and solid fillers (RDX, HMX, AP, ) and solid fillers (RDX, HMX, AP, 
AluminumAluminum ……).).

•• In the workshop, explosives are present under vario us forms:In the workshop, explosives are present under vario us forms:

�� pasty in containers, pasty in containers, 
�� cured in shells, cured in shells, 
�� mitigated scraps in bins.mitigated scraps in bins.

•• Some minimum safety requirements for pasty and cure d explosive Some minimum safety requirements for pasty and cure d explosive 
compositions must be taken in account.compositions must be taken in account.
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No more than burningNo more than burningExternal Fire TestExternal Fire Test
(AFNOR Standard NF T70(AFNOR Standard NF T70 --525  or UN 7e))525  or UN 7e))

Higher than 600 MPaHigher than 600 MPaCritical Pressure of Combustion under Parallel Laye rsCritical Pressure of Combustion under Parallel Laye rs
(SNPE N(SNPE N°° 108)108)

Lower than 18 MPa/ms at 150 m/sLower than 18 MPa/ms at 150 m/sFriability TestFriability Test
(AFNOR Standard NF T70(AFNOR Standard NF T70 --524  or UN 7c) ii))524  or UN 7c) ii))

Not SensitiveNot SensitiveLarge Scale Electrostatic Discharge Sensitivity Tes tLarge Scale Electrostatic Discharge Sensitivity Tes t
(AFNOR Standard NF T70(AFNOR Standard NF T70 --527 or STANAG 4490)527 or STANAG 4490)

Higher than 50 NewtonHigher than 50 NewtonFriction Sensitivity Test (BAM apparatus)Friction Sensitivity Test (BAM apparatus)
(AFNOR Standard NF T70(AFNOR Standard NF T70 --503 or STANAG 4487)503 or STANAG 4487)

Lower than 240 cardsLower than 240 cardsLarge Card Gap Test (40 mm)Large Card Gap Test (40 mm)
(AFNOR Standard NF T70(AFNOR Standard NF T70 --502 or STANAG 4488)502 or STANAG 4488)

Lower than 50 mm/sLower than 50 mm/sCombustion Propagation in Gutter TestCombustion Propagation in Gutter Test
(AFNOR Standard NF T70(AFNOR Standard NF T70 --507 or AOP7 302.02.001 )507 or AOP7 302.02.001 )

MINIMUM SAFETY REQUIREMENTSMINIMUM SAFETY REQUIREMENTSLIST OF TESTSLIST OF TESTS
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•• These minimum requirements were setThese minimum requirements were set --up to eliminate any risk of accidental up to eliminate any risk of accidental 
transitiontransition --toto --detonation :detonation :

�� SDT (shockSDT (shock --toto --detonation transition) through sensitivity to low s hocks,detonation transition) through sensitivity to low s hocks,

�� DDT (DeflagrationDDT (Deflagration --toto --Detonation transition) due to catastrophic Detonation transition) due to catastrophic 
combustion reactivity after an accidental ignition.combustion reactivity after an accidental ignition.

•• These safety parameters are maintained all along th e manufacturThese safety parameters are maintained all along th e manufactur ing cycle.ing cycle.

•• The substance characterizations are completed by fu ll scale triThe substance characterizations are completed by fu ll scale tri als (UN tests als (UN tests 
listed in series 6). The various items have passed these tests.listed in series 6). The various items have passed these tests.
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•• The various manufacturing operations conducted in t he integrateThe various manufacturing operations conducted in t he integrate d d 
workshop have been classified under 1.3 Hazard Divi sion by the Fworkshop have been classified under 1.3 Hazard Divi sion by the F rench rench 
Authorities.Authorities.

•• The approval document has been issued by DGA / IPE (French ProcThe approval document has been issued by DGA / IPE (French Proc urement urement 
Agency / Inspectorate for Powders and Explosives) b y end of 2005Agency / Inspectorate for Powders and Explosives) b y end of 2005 ..

•• The 1.3 The 1.3 QDsQDs are drawn for the whole quantity of explosive insid e this are drawn for the whole quantity of explosive insid e this 
workshop (3 tons). workshop (3 tons). 
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•• The justification is that no aggression is able to provoke any The justification is that no aggression is able to provoke any transitiontransition --toto --
detonation, because:detonation, because:

•• the Fault Tree Analysis has demonstrated that all p ossible accithe Fault Tree Analysis has demonstrated that all p ossible acci dental dental 
events generate some noevents generate some no --dangerous shocks (many times) in comparison dangerous shocks (many times) in comparison 
with PBX shock sensitivity,with PBX shock sensitivity,

•• the preventive measures defined from Fault Tree Ana lysis are chthe preventive measures defined from Fault Tree Ana lysis are ch ecked ecked 
according to defined procedures all along manufactu ring cycle,according to defined procedures all along manufactu ring cycle,

•• the possible ignition of explosive cannot generate any violent the possible ignition of explosive cannot generate any violent reaction reaction 
even even for shells, so no DDT is possible and no dangerous fragment can for shells, so no DDT is possible and no dangerous fragment can 
provoke any SDT of neighbouring items.provoke any SDT of neighbouring items.

•• Obviously, the fuses are never present in the works hop and evenObviously, the fuses are never present in the works hop and even in the in the 
whole factory, so, the delivered products are not a ble to detonawhole factory, so, the delivered products are not a ble to detona te at any te at any 
time. time. 
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•• Some complementary trials were requested even if th e Fault TreeSome complementary trials were requested even if th e Fault Tree Analysis Analysis 
had demonstrated that all detonations can be elimin ated regardinhad demonstrated that all detonations can be elimin ated regardin g the listed g the listed 
Cast Cured PBX properties. Cast Cured PBX properties. 

•• The DGA/IPE request was to demonstrate the absence of sympathetThe DGA/IPE request was to demonstrate the absence of sympathet ic ic 
detonation between shells on pallets all along the production lidetonation between shells on pallets all along the production li ne.ne.
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•• A specific pallet has been designed using:A specific pallet has been designed using:

�� SDT threshold for each studied Cast Cured PBX,SDT threshold for each studied Cast Cured PBX,

�� Numerical simulations though LSNumerical simulations though LS --DYNA with specific behavior laws,DYNA with specific behavior laws,

�� Preliminary tests in laboratory,Preliminary tests in laboratory,

�� Full scale tests in standard & hardened conditions to evaluate Full scale tests in standard & hardened conditions to evaluate a safety a safety 
margin,margin,

�� The reference charge is the 155 mm artillery shell.The reference charge is the 155 mm artillery shell.



IM&EMTS 2006 IM&EMTS 2006 -- AprilApril 24/2824/28thth -- Bristol Bristol -- UKUK

SYMPATHETIC REACTION TRIALSYMPATHETIC REACTION TRIAL 22

•• The first assessment has shown the necessity to setThe first assessment has shown the necessity to set --up some specific up some specific 
screens between shells within each pallet and betwe en pallets.screens between shells within each pallet and betwe en pallets.

•• These screens are made of pressure attenuator mater ials; the paThese screens are made of pressure attenuator mater ials; the pa llet llet 
framework is made of steel.framework is made of steel.

DonorDonor

Simulated Simulated 
AcceptorsAcceptors

AcceptorsAcceptors
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•• The results have shown the absence of sympathetic d etonation inThe results have shown the absence of sympathetic d etonation in side each side each 
pallet and between pallets.pallet and between pallets.

•• The nearest acceptor is partially torn, the two oth ers are intaThe nearest acceptor is partially torn, the two oth ers are inta ct.ct.
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•• Cast Cured PBXs enables to reach the Insensitive Mun itions signCast Cured PBXs enables to reach the Insensitive Mun itions sign atures atures 
compliant with STANAG 4439 while preserving high pe rformances.compliant with STANAG 4439 while preserving high pe rformances.

•• This advantage can be used also during manufacturin g phase of mThis advantage can be used also during manufacturin g phase of m edium edium 
and large caliber artillery shells.and large caliber artillery shells.

•• The integrated workshop can be operated under 1.3 H D due to theThe integrated workshop can be operated under 1.3 H D due to the
demonstrated absence of all detonation risks during  the manufactdemonstrated absence of all detonation risks during  the manufact uring uring 
phases. phases. 


