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The Munroe Effect



ARL / USMA: Partnership for Tomorrow's Army

The Monroe Effect
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BRL 81 mm Shaped Charge
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Shaped Charge Liner Geometries
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Shaped Charge Liner Geometries
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Calculated Jet Collapse
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Experimental Jet Collapse

11.4 µs 14.8 µs 20.2 µs 24.1 µs 38.9 µs7.8 µs
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Jet From a Conical Liner
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Early Stages of Jet Formation
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Collapse of a Hemispherical 
Liner
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Hemi Jet Free Flight
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Shaped Charge Characteristics

• Tip Velocity of > 10 km/s
• Maximum Strains > 10
• Pressure 200 GPa decaying to 20 GPa
• Strain Rates 104-107 /s
• Jet Temperature 400-500 C
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Misnomers

• “On impact, the shaped charge within the round 
ignites and begins to play a stream of plasma on 
the target.  Each shaped charge configuration 
has an optimum distance from the target where 
the cutting power of the plasma cone is greatest.  
This detonation distance is established by the 
length of the warhead tip.  The plasma cone 
burns through the armor and sprays molten 
particles into the tank at speeds of 30,000 fps.” 
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More Misnomers

• “A shaped charge detonates on impact, 
liquefying metal, which melts the tanks armor.”

• “The jet is a high temperature plasma (about 
20,000 C)”

• “The jet reaches a density several times that of 
steel, and the armor becomes plastic and yields 
whilst the jet torch assists by melting and 
burning the armor metal”
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The Solution

“There Is No Problem That Can’t Be Solved 
by the Proper Application of High 
Explosives”

Sign in the office of Dr. J. Carleone,
Vice President, Aerojet Corporation.
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Shaped Charge Applications
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More Applications

• Earth  Waves for Geophysical Prospecting 
and Seismic Exploration

• Mining
• Submarine Blasting
• Ice Breaking
• Breaking Log Jams
• Salamander Blasting
• Coned End of Detonators
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The Warhead Family
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Anti-Armor 
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Oil Well Completion Methods
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Current Research Topics

• Jet formation and growth models for non-
conical liner geometries

• Liner Material Studies—Alloys?
• Liner metallurgy—Grain Size, Texture
• Jet Particulation
• Control of HE—Grain Size, HE-Liner 

interface
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Current Research Topics (Continued)

• Scaling ?
• Penetration/ Hole Growth Analytical 

Models
• Jet Temperature– Experimentally and 

Numerically
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The future isn’t what it used to be
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The future


