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OVERVIEW

• NATO IM Fragment Impact (FI) testing
• Penetration mechanics considerations
• High hardness armor steels
• Experimental methodology
• Test Results
• Discussion and preliminary hydrocode models
• Summary and conclusions
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NATO IM FRAGMENT IMPACT TESTING

• NATO standard FI test (STANAG 4496) 
[1]

– 14.3mm diameter, 18.6g, L/D~1, 
160° conical nosed fragment

– Mild steel, Brinell hardness <270
– New requirement: BHN > 190

– 2530±90 m/s impact velocity
– Aimpoints: center of largest 

presented area of HE or most shock 
sensitive location

• Smooth bore 40mm powder gun often 
used in the U.S. [2]

– Commercially available, used by 
various test facilities

– Powder charge adjusted to obtain 
correct velocity

– Replaceable wear section
– Plastic sabot machined to fit
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NATO IM FRAGMENT IMPACT TESTING (CONT’D)

Probably need to use higher carbon content steel (>1040)

~BHN 
270

~BHN 
190

1018 
commonly 

used

(from [3])
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PENETRATION MECHANICS HARDNESS EFFECTS

(from [6])
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PENETRATION MECHANICS FAILURE EFFECTS

(from [6])

Brittle spall strength [4]

Ductile spall strength [4]

Grady ductile fragmentation [6]

Grady brittle fragmentation [6]

Mott fragmentation [12]

Mott distribution [12]
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STEEL ARMOR TECHNOLOGY

• Hardness vs. toughness, ductility
• Ancillary requirements: cost, structural integrity, 

manufacturing considerations, multi-hit, environmental
• Heat treatment (quenching and tempering)
• Cast armor
• Rolled homogeneous armor
• Face hardened armor
• High hardness armor
• Ultra high hardness armor
• Metal laminated composites (Dual Hardness)
• Improved metallurgical processing for cast ingots: 

unidirectional casting, electroslag remelting (ESR)
• Dual hardness ESR
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STEEL ARMOR TECHNOLOGY
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EXPERIMENTAL METHODOLOGY



10

UNCLASSIFIED

Distribution Statement A: Approved for public release. Distribution is unlimited.
UNCLASSIFIED

TEST SETUP
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RT469, 0.125”, 4340 RC38, 0 DEG OBLIQUITY
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TEST RESULTS – THIN STEEL BARRIERS
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TEST RESULTS – THICK STEEL BARRIERS
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TEST RESULTS
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TEST RESULTS (CONT’D)

• For all presented areal densities considered, hardness:
• mildly improves residual velocity at 0 obliquity
• moderately worsens residual velocity at 45° obliquity

• For the more soft, ductile 4340 RC38 steel
• Obliquity significantly improved residual velocity
• Obliquity significantly worsened residual mass

• For the more hard, brittle D2 RC60 steel
• Obliquity moderately worsened residual velocity
• Obliquity significantly worsened residual mass

Better residual velocity at obliquity requires good ductility
Fragment breakup highly spall dominated!
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PRELIMINARY MODELING

Obliquity effect does not appear to be caused by spallation 
ahead of fragment penetration
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QUESTIONS

Presenter Notes
Presentation Notes
Treaty based engagements are NATO Activities or overarching treaties with countries for R&D. Project Based engagements are specific and we leverage numerous programs for engagement such as Grants, Project Agreements, Loans, etc.Competency Based engagements such as in Energetics, or Precision, etc.Country Based engagements would be where the U.S. President declares that the U.S. will be more involved, such as with India. FMS leads to opportunities for sales, or technical services, such as QA monitoring of a contractor for quality, or Inspection criteria, etc. 
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