Bullet Impact on Steel and Kevlar®/Steel
Armor - Computer Modeling and
Experimental Data*
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How Body Armor Works

Carrier Plastic Film
(Ereen)




Modern handgun bullets.

JSP - Jacketed Soft Point

1 - metal jacket

2 -lead core

semi-jacketed bullet with exposed lead at bullets' nose. Has
bigger stopping power than Fi.J

N §§i| mwﬁ'fmﬁzquﬂmmuﬁmamﬁu (Steel jacket bullet)




Modern handgun bullets.

AP - Armor Piercing

1

1 - metal jacket

2 -lead

3 - hardened steel core

nwianszguiluanzingsiz (Armor-piercing bullet)
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Scientific name : 8.5 x 63.5 B
Ignition : center fire

Caliber type : Civilian and military
caliber

Primer diameter : 5.33 mm
Data from Cartwin pro.

Velocity 2780 feet/sec. (842.16 m/s)
Bullet 225 grains SP(Soft pointed)

Data from Catridges of the world.
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1. AUTODYN computer code (Computer Hydrocode
analyses).

. Ruger M70 bolt action Rifle.

. .338 Winchester magnum (A-frame bullet).

. Kevlar® panel.

2
3
4. Mild Steel plate.
5
6. Digital Vernier.




» Computer Hydrocode

AR @zuuﬂgjﬁﬁm@muﬁqLmﬂs’ﬂumm?ﬂqLLuuﬁmmmﬂ?ﬁﬂﬂu
9 2 WAY 3 HR IWAARNWILAAF IUNITANa097uUuAQIN

mumummmwmmmmu LL@‘“’&TT’NLL‘].I‘].I’Q’W@@\?W‘E]G]T]??N?J@\?
ZNG]’N"] Tmﬂ@vwmimmmmmmeﬂu@mm LL’:]‘QJ’]’]EIGL‘H‘V]
ﬂﬁ‘Sﬁ‘V]’]ﬂ‘LIQ[F]QV]N’Wﬂ?&'ﬁV]‘]_I Sﬁwzﬂ%m@miumqmmm 6I]\‘H,LfN

I QQIJQI 1 QI Yo o I v AaAa d9|/ ==I==I v
mmuumm‘mLL@ﬂﬁmf]mnmqmﬂ@uummLu@wmmsmmzmu

LANLUATHAZYNATUIULAZLITENIRHARBNNIATNANNNT

AUTODYN computer code
(Computer Hydrocode analyses)




Define the problem: Calculate the forces due to:
Equation of state External forces
Constitutive model — | Pressure forces

Boundary conditions Constitutive model

Mesh geometry Boundary Conditions
Eulerian or Lagrangian? Artificial stability forces

Choose material properties /
No

Update the mesh by moving

T vertices of fluxing material
between cells

Yes .| Is solution reached?
‘1’ Advance time

AFLTUARUNNSENUaRs AUTODYN computer
code (Computer Hydrocode analyses)




Ruger M70
bolt action
Rifle




4 Bonded Core

@ A-Frame




Mild Steel plate thickness 14.275 mm




Kevlar® panel thickness 20 mm




Digital Vernier
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Meterial propoties for Impact Simulations

Lead

» Equation of State : Shock

» Reference Density (g/cm3) 11.35
» Gruneisen Coefficient : 2.77

» Parameter C; (m/s) 2.051E03

» Parameter S; : 1.46

» Strength Model : Von Mises

» Shear Modulus (KPa) 5.6E6

» Yield Strength (KPa) 5.0E3




Meterial propoties for Impact Simulations

Copper

» Equation of State : Shock

» Reference Density (g/cm3) 8.93
» Gruneisen Coefficient : 1.99

» Parameter C, (m/s) 3.94EQ3

» Parameter S, : 1.489

» Strength Model : Von Mises

» Shear Modulus (KPa) 4.5E7

» Yield Strength (KPa) 7.0E4




Kevlar
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Equation of State : Puff
Reference Density (g/cm3) 1.29
Parameter A,(kPa) 8.21E06
Parameter A,(kPa) 7.036EQ7
Parameter A;(kPa) 0.0
Gruneisen Coefficient : 0.35
Expansion Coefficient : 0.25
Sublimation Energy (J/Kg) : 8.23E06
Parameter T,(kPa) 0.0
Parameter T,(kPa) 0.0
Reference Temp (K) 0.0
Specific Heat (C.V.) (J/kgK) 0.0
Strength Model Von Mises
Shear Modulus 3.0E7

Yield Strength 3.0E5

Tensile Strength -2.6E5
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teel

Equation of State : Shock

Strength Model Johnson-Cook
Reference Density (g/cm3) 7.896
Gruneisen Coefficient 2.17
Parameter C, (m/s) 4.569E03
Parameter S, : 1.49

Reference Temperature (K) : 300
Shear Modulus (kPa) : 8.18E07
Yield Stress (kPa) : 5.17106EQ05
Hardeni ng Constant (kPa) : 2.75EQ05
Hardeni ng Exponent : 0.36

Strain Rate Constant : 0.022
Thermal Softening Exponent : 1.0
Melting Temperature (K) 1.811E03
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Computer Hydrocode Ballistic testing
Analyses in Laboratory

ganaEnssqy 338
winchester bullet

Bare mild steel plate Kevlar panel
thickness 14.275 mm thickness 20 mm NINVENAARS
and then steel
plate 14.275 mm
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14.275 mm
(0.562 in)

AUTODYN model of a .338 Winchester magnum
A-Frame hunting bullet impacting the steel.




AUTODYN
simulation of
the bullet
impacting the
steel plate.

a. 21 us

Abs . VEL
] __JERTERS

G, 40E+02

5. 60E+02
4. 80E402
4, Q0E+02
A 20402
2. 40E402
1.S0E+02
a.00E+01

0. 00E+LD

c. 61 us

b. 41 us

d. 78 ps






Steel
Void j
| _ﬁ._}
V = 854.35 mi/s
14.275
Copper (0.562 inm)m

AUTODYN model of a .338 Winchester magnum
A-Frame hunting bullet

impacting the Kevlar steel plate.
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Impact crater dimensions,
Measurements made to
steel surfaces.







Bullet impact crater on steel plate along
with a cross-section cut.







a. AUTODYN Simulation b. Shot 9 Cross-Section

Comparison of AUTODYN predicted crater

with experimental crater.




Bullet impact on steel plate when protect by one
sheet of 20 mm Kevlar®.




Back view of bullet impact on steel plate when
protect by one sheet of 20 mm Kevlar®.




b. Shot 12 Cross-Section
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Back side of Kevlar® panel where bullet exited.
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» Century Dynamics, AUTODYN User and
Theory Manual, 2001.

» Nosler, Inc, Nosler Reloading Guide, 2002.

» Gareth S. Collins, An Introduction to
Hydrocode Modeling, 2002.

» Frank C. Barnes, Cartridges of the world,
2006.

» Cartwin Pro, 2008.
» www. Google.com

» WWW.sciencedirect.com
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