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Abstract

A concept for improving the cook-off performance of munitions is explained. The
performance improvements could be preventing reactions, delaying the time to
reactions, and/or and reducing the violence of reactions.

A reactive cook-off occurs due to an instability that occurs when heat is evolved from
exothermal decomposition, and the heat produced exceeds the ability of the explosive
material to conduct it away from the reaction zone. The rate of reaction increases
exponentially as temperature increases. The decomposition rate and release rate of
thermal energy rate is completely unstable and a violent reaction results.

The concept involves introducing heat conduction paths that wick the heat out of
interior points of the energetic material. Reactions could be prevented, or at least made
to occur near the outer surface of the munition, where there is less confinement and
much less violence.

Introduction and Background
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Slow heating
Bulk temperature elevates to 
the point where the heat from 
the thermal decomposition 
cannot get out fast enough and 
leads to an explosion.  The 
centerline is the place where 
heat has the most trouble 
diffusing out fast enough to 
prevent a thermal runaway.

Faster heating
Bulk temperature elevates to the 
point where the heat from the 
thermal decomposition cannot get 
out fast enough at some interior 
point well away from the 
centerline, and leads to an 
explosion at some point well away 
from the center.

The faster the heating, the closer 
to the surface the reaction is, and 
the less violent the explosion.

J.C. Gois et. al, Cook-off Test Models and Results, Laboratory of Energetics and Detonics, University of Coimbra, Portugal

Slow Heating,

3.3° C / hr

Fast Heating,

3.3° C / min

Modeling Results for Cook-off 
of PBX at Two Heating Rates 
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Heat trapped in dome of rocket motor leads to reaction ahead of rest of propellant

Example of Solid Propellant Rocket Motor 
Insensitive Munitions, Testing and Simulation
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Solid Propellant Rocket Motor Insensitive Munitions, 
Testing and Simulation
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The new concept is to find a way to get unwanted heat out of the rocket motor.

Heat Flows Along Several Thermal Paths Into a
Rocket Motor Propellant in a Fast Cook-Off Casualty and Test
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Heat fluxes into the propellant range from
22 to 85 kW/m2 for fast cook-off in realistic scenario

Thermal Paths to Propellant 
Leading to a Cook-Off Event   
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Wire meshes imbedded in energetic material conduct heat away from hot spots to outer surface where reactions would be 
less severe.  Wires terminate short of outer surface to assure minimum confinement of reaction.

Aluminum and magnesium wires have high thermal diffusivity and can be used as a reactant so there is no weight penalty. 

Grids produced in 3-D metal printers could simplify manufacturing and create precise flow paths and variable diameter 
conductors.

3-D Finite element models could be used to design grids that follow isotherms and heat flux vector fields for optimum 
performance.

Uniform and lowest possible temperature maintained

Mitigation Concept - Meshes
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2. Fibers imbedded in energetic material conduct heat away from hot spots.

3. Aluminum and magnesium fibers have high conductivity and can be used as a reactant, and 
strengthen material for shock and vibration.

4. Synthetic and stainless steel fibers are routinely used to reinforce materials, e.g. concrete.

5. Fibers could be aligned in a magnetic field while casting propellant or explosives.

1.     Use fiber meshes to diffuse incoming heat throughout energetic material to allow uniform and  
lowest possible temperature.

Mitigation Concept - Fibers
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Magnetic Particle Testing
Idea comes from author’s personal use of magnetic particle (MT NDT) of  gun parts inspection,

and use of stainless steel fibers to achieve super high strength (>10ksi) concrete structures
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Axial technique

Circumferential technique

Ordinary MT technique

Iron particles align with magnetic 
field on bottom side of plate
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A Look Into The Math
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Magnetized particles can be aligned in any direction by 
superposition of a longitudinal field with a circular field

A computer field theory solver can compute path lines along 
which the particles will align themselves 
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Solenoidal fields are fundamental to electricity and magnetism

Partial differential equations theory allows superposition (adding) of 
solutions in different coordinate systems to solve complex problems
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Alignment in radial acoustic field

Possible Fiber Alignment In Acoustic Field

Long fibers in alignment

Resodyn Corp Yagla Yagla

25-100 Hz Frequency
12mm        Displacement
100 g          Acceletation
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Resodyn Corp

Resodyn Corp

Propellant strands in alignment



Test Method: Buildup Used for Fast-Heating Test of Rocket Motor
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Empty Rocket Motor Casing Motor Case Filled with 
Inert Propellant

Full Setup with 
Instrumentation

• A section of the real motor was used for this test
• Inert propellant simulant was cast into the section
• TCs placed along five thermal paths into the propellant
• TCs placed on outer casing, between case and insulation, between the insulation and the 

propellant



The cartridge has thermocouples on the interior 
surface of the case and interior of the projectile.

A wide range of heat fluxes, from slow cook-off 
to fast cook-off, and beyond are available.

The heating is mostly radiative and very uniform.

Computer models and mitigation schemes could 
be tested economically and quickly in purpose-
built radiant chambers.

The 30mm round shown has six internal 
thermocouples and recorded temperatures 
comparable to FCO.

The radiant chamber will be used to to external 
heat loads to instrument test specimens

Laboratatory Test  with 30mm Cartridge
in Radiant Chamber in 2022
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Analysis Phase
Scope problem with analytical solutions
Finite element modeling
Refine model to optimize a point solution for    
a system of interest 

Experimental Data Gathering Phase
Interpret existing FCO data in context of a mitigation scheme
Interpret existing SCO data in context of a mitigation scheme
Interpret hot gun experimental data
Augment hot gun test instrumentation
Attempt 3-D printing of representative mesh
Attempt acoustic alignment
Measure heat flows with and without fibers in radiant chamber

System Concept Development
Select a system of interest with sponsor willingness to participate 
Detailed program plan

Start Up Program Plan
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