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Introduction
• We have studied the SDT response of a number of modern 

PBX materials, both cast and pressed. 

• This work has been carried out to characterise the SDT 
threshold for these materials when covered by varying barrier 
materials and thicknesses, and for a range of projectile 
shapes (including the approved STANAG projectile). 

• We compare these results with the predictions from our 
reactive flow model (CHARM) and outline our plans for future 
development of the model.

• In addition, we have carried out projectile impact experiments 
designed to investigate XDT phenomena. 
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SDT Thresholds
• We have determined the SDT thresholds for a number of 

explosives.

• Septum thickness and projectile velocity were varied to 
determine the threshold impact velocity for SDT at each 
barrier/projectile combination. 

• Two barrier materials (aluminium & steel) were used in 
these studies.
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Experimental Set-Up(1)
• Projectiles were fired from a 30mm rifled powder gun. 

• Projectile velocities between ca. 400 and 2100m/s can be achieved 
with this system by varying the charge mass.

• All the projectiles used in this study were steel with the following 
profiles:

– 13.15mm diameter cylinders, with either flat ends or conical tips.

– 20mm diameter flat-ended cylinders.

– 14.3mm diameter cylinders with 160o conical tips (STANAG 4496)

• The projectiles were housed in discarding nylon sabots and fired
through a stripper plate to ensure that the target was not struck by the 
sabots.
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Experimental Set-Up (2)
• All tests were recorded by either high-speed cine or video. 

In the latest experiments we have used video at ca. 90,000 
frames per second.

• These records were used to determine:

– Projectile velocity

– Projectile stability

– Target reaction details

• The events were back-lit with flash bulbs behind a diffusing 
screen.
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Experimental Arrangement

t = 0.1001 t = 0.2005



8s

Overview of CHARM Model (1)
• CHARM (Cook Haskins Arrhenius Reaction Model).

• Implemented in DYNA (Lagrange) and GRIM (Euler) codes.

• Uses Arrhenius chemical kinetics to evaluate the rate of global  
chemical reactions.

• Uses a similar 3-step formulation to that used by McGuire & Tarver in 
the TOPAZ2D heat flow code for Cook-Off studies.

• These steps are coupled & can comprise a single exothermic reaction 
through to a mixture of endothermic & exothermic reaction steps.

• There are no artificial switches to turn on or off the chemistry. The  
chemistry is active throughout a simulation.
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Overview of CHARM Model (2)
• Internal energy converted into temperature through Cv.

• Cv can be constant or vary with temperature.

• 2 EOS, Murgnahan for unreacted material & JWL for product

• The chemistry has its own time-step independent of the hydrocode
time-step.

• An iterative pressure equalisation routine allows the pressure of the 
solid & gas to be calculated for each hydrocode time-step.

• Model has a number of hotspot sub-models 
– Gas pore collapse.
– Cumulative damage hotspot model.
– Friction hotspot model.
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Parameters Required for CHARM
• EOS data 

– unreacted: shock velocity / particle velocity data

– reacted: JWL from experiment or ideal detonation code

• Heat capacity (from statistical thermodynamics or 
experiment)

• Conductivity (from literature data)

• Porosity & pore size (from micrographs)

• Chemistry - initial guess from Cook-Off type tests then 
calibrated to flyer plate and/or fragment impact data.
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SDT results
• By way of example we describe some typical experimental 

results and associated modelling.

• The examples we have chosen are:

• ROWANEX 1400, which is a modern aluminised PBX. 

– ROWANEX 1400 = 66% RDX / 22% Al / 12% HTPB

• ROWANEX 3000, a high performance pressed PBX.

– ROWANEX 3000 = 95% HMX / 5% HTPB
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ROWANEX 3000 Fragment Impact Data
Rowanex 3000 Fragment Impact

All data
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ROWANEX 1400 Fragment Impact, aluminium 
barriers, 13.15mm diameter flat-nosed steel 
projectile (27g)
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Discussion & Conclusions SDT(1)
• SDT threshold curves have been determined for a range of 

explosives impacted by cylindrical fragments in the 13-
20mm diameter range, including the 14.3mm diameter 
STANAG 4496 fragment. Aluminium and steel barriers 
have been investigated.

• SDT data is useful for model development as well as direct 
application in vulnerability assessment.

• We are currently testing a newly developed 40mm gun 
system which will enable fragment impact testing to be 
carried out at higher velocities (ca. 2500 m/s).
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Discussion & Conclusions SDT(2)
• Currently CHARM can model the main characteristics of the 

SDT threshold curves.

• This modelling capability is of help both with the 
assessment of SDT hazards, and with the design of future 
IM systems or mitigation materials. 

• We are currently implementing grain burning functionality in 
CHARM which should improve its predictive capability.

• In the longer term, with the development of improved 
constitutive models to predict damage and the 
incorporation of macroscopic heat flow it is hoped that 
CHARM will be able to address Cook-Off violence, DDT 
and XDT in a realistic way.
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XDT Studies
• Historically, we found that experiments designed to study 

SDT (Shock to Detonation Transition) under fragment 
impact initiation occasionally gave rise to delayed 
detonations.

• These delayed detonations only occurred when the charge 
was unconfined, and thus DDT (Deflagration to Detonation 
Transition) could be ruled out.

• These events have been labelled XDT (X for unknown, 
Detonation Transition)
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Delayed Events
• Delayed events such as DDT and XDT are of considerable 

importance in assessing hazard as the threshold energies 
required are usually considerably less than for SDT.

• Over many years we have carried out a large number of 
experiments to study XDT with a range of explosive 
compositions.

• Here we illustrate our most recent experiments with a 
pressed PBX containing a high solids loading. 
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Explosives Studied
• In total we have observed XDT events in experiments on 8 

different explosive compositions.

• These have covered the main classes of secondary 
explosive, namely:

– Melt-cast

– Mouldable demolition explosive

– Cast-cured PBX (with and without aluminium)

– Pressed PBX

• Our most recent work has been concerned with high-
performance pressed PBX’s, and here for illustration we 
show some results with ROWANEX 3000 (HMX 95%/HTPB 
5%).
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XDT Results (1)
• Analysis of all the XDT experiments we have conducted enables us to 

make the following general observations:

– XDT was never observed in confined charges, where the expansion 
of the explosive was suppressed.

– XDT was only observed when the explosive was free to expand and 
impact a secondary surface. Initiation was always at this impact
point, and with no observable delay.

– The separation of the charge and secondary surface was found to 
be critical (ca. 25mm was optimum at the scale of our experiments)

– The velocity of the damaged material at impact needs to be ca. 300-
500m/s



20s

XDT Results (2)
• The following slides illustrate a few of our recent experiments on 

Rowanex 3000.

• In all these experiments conical tipped projectiles were used to impact 
either bare or covered charges which were free to expand from their 
rear surface.

• In some experiments the damaged material was allowed to impact a
steel surface and in others impact was against a second explosive 
charge (bare or covered).

• Pressed PBX compositions (such as Rowanex 3000) generally 
exhibited XDT at low projectile velocities (below the SDT threshold for 
bare charges with flat-ended projectiles).
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Set-Up (1) – 2 Charges with Void

t = 0.1001 t = 0.2005
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XDT – Rowanex 3000, Set-Up (1)
Projectile – 150o conical tip, Velocity = 696m/s

t = 0.1001 t = 0.2005
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Set-Up (2) – Steel Cover / 2 Charges / Void

t = 0.1001 t = 0.2005
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XDT – Rowanex 3000, Set-Up (2)
Projectile – 150o conical tip, Velocity = 980m/s

t = 0.1001 t = 0.2005
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Set-Up (3) – Steel cover / 2 Charges / 
Aluminium-lined Void

t = 0.1001 t = 0.2005
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XDT – Rowanex 3000, Set-Up (3)
Projectile – 120o conical tip, Velocity = 1502m/s 

t = 0.1001 t = 0.2005
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Discussion & Conclusions XDT (1)
• Our latest experiments have led further support to the 

following hypothesis for XDT under projectile impact:

– The creation of damaged more sensitive material

– Initiation of the damaged material by impact against a 
secondary surface

• Some explosives (particularly cast-cured PBX’s) appear to 
resist damage more than others, but once damaged show 
similar sensitivity on re-shock.

• We are planning further experiments to explore the 
initiation mechanism more closely.
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Discussion & Conclusions XDT (2)
• It is clear that XDT could pose a significant hazard to any 

explosive system by offering a route to detonation at 
significantly lower stimulus levels than would be expected 
from SDT thresholds.

• The central bore in rocket motors is known to pose an XDT 
hazard for detonable propellants, and the work reported 
here suggests that the cone region of shaped charge 
warheads may also be susceptible. 

• The mechanistic understanding of XDT should help in the 
engineering design of systems with reduced vulnerability.


