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Established Techniques
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Shock Loading Techniques

Explosive Loading
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Objective
w Effects of the End-Projector on Terminal Velocity

Evaluate loading conditions and its effects (pressure, velocity, strain) through the
bonded plates using the End-Projector, and its effects on terminal velocity

Impactor :
b Parametric Study
A Target

Driving
Pressure
Profile

8 Different Impacting
Configurations Surface

/

(Taylor Wave)

Result of
End-Projector
Explosive 1
Detonation Y Y

High Density (Tantalum)

.. Low Density (Aluminum or Zirconium
Driving  Impact [] y ( )

Plate  Surface

Approved for public release:; Distribution Unlimited. Approval Confirmation 96 ABW/PA No. 07-03-08-312



Equation of State & Constitutive Parameters
Used to Simulate Material Response - EPIC Hydrocode

Materials:
o Aluminum — Al Strength Properties: Johnson-Cook Model
e Tantalum — Ta EOS: Mie-Gruneisen Model 2

e Zirconium - Zr

Property Al Ta Zr 200
Density, p, (g/cm?) 2.78 | 166 | 6.65 160 j
Yield Stress (GPa) 0.310 | 0.170 | 0.230 < &

& 120 & N
Poisson Ratio 0.33 0.34 0.34 = n A

Qo & —-—Ta

A

Bulk Sound Velocity, 5328 | 3.414 | 3.757 ? 80 A ——Zr

3 A
C, (km/s) & g

a
Us / up Slope (S) 1.338 | 1.201 | 1.271 40 e

B Fy
Spall Strength (GPa) 1.7 6.5 2.16 s
Om

Impedance , Z = p,Us 14.8 56.7 | 25.0 0 1 2 3 4

Particle Velocity, u,, (km/s)

Approved for public release: Distribution Unlimited. Approval Confirmation 96 ABW/PA No. 07-03-08-312



Numerical Configuration

n
c
e
n
c
)
£
)]
'©
-
)
)
@©
—
©
C
©
)]
7p]
)
C
4
Q
£
T
e
(@)
-]
o
| -
e
T
| -
O
.
c
o
=

=

=

N =
=

000 0 0 0 ) P 0 R A Y T

Y 3 170 B 80 A9 9 A3 B TN £ N N i
e e S N I S R I e A o]
Y AP A 0 A Y G YA YA A 8 9 0 Y 30 9 NN NN RN RS
0 A T 0 0 A0 09 A 5 0 AT A N0 0 0 0 0 5 S
mmwmﬂﬂﬂﬁ%&ﬂ&ﬁu&n&%u&ﬁﬁ&&ﬂhuﬁauiﬁmﬁuﬁik
e o A B 4 AV 20 Y9 ¥ W a9 0 0 0 M SNAT RN YAV * o 0 0 N 0N N N,
rrrrrrr!&r&ﬁﬁﬁhﬁhﬁEhﬁﬁ&&%&ﬁﬂﬁ&ﬁhﬁ%nLE%&&&E%&&

18mm =

Adjacentto DP

Center of
Explosive

Driving Pressure Profile

+—
=

|t

Velocity: 8.4 km/s

25

o Ly
(| -

(ed9) ainssoaid

o
—

Ly

o

35

20

15

Time (us)

Code: EPIC; 1.1 Million Constant-strain Tetrahedral Elements
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Bimetallic Plate Configuration

Thickness (mm)

Configuration 1 2 3 4 5 6 7 8
Driver Plate Material Al Al Zr Zr | Ta | Ta | Ta | Ta
(Explosive Surface)

Driver Plate Material 431|216 |4.31|2.16|2.88|1.44|2.88| 1.44
Thickness (mm)

Impactor Surface Material | Ta | Ta Ta | Ta | Al Al Zr Zr
Impactor Surface Material | 2.88 | 5.03 | 2.88 | 5.03|4.31 | 5.75 | 4.31 | 5.75

Type

Shock / Release

Shock / Reshock

High Density (Tantalum)

- Low Density (Aluminum or
Zirconium)
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Through Thickness Pressure
(Configuration 1)
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Through Thickness Pressure
(Configuration 1)
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Through Thickness Tension
(Configuration 1)
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Through Thickness Velocity
(Configuration 1)
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Through Thickness Velocity
(Configuration 1)
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Through Thickness Pressure
(Configuration 3)
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Through Thickness Pressure
(Configuration 3)
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Through Thickness Pressure
(Configuration 3)
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Through Thickness Velocity
(Configuration 3)
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Through Thickness Velocity
(Configuration 3)
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Through Thickness Pressure
(Configuration 8)
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Through Thickness Pressure
(Configuration 8)
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Through Thickness Pressure
(Configuration 8)

\/

%>

0.0 . ’
12 13 \’ 1
\ H/ ,,
-0.5 \
-1.0 h
E —Zrd
< Zr3
Y 15 —Zr2
2 e 7 111
w
$ =t
E —Ta2
2.0 —Ta1
~Spall Strength
of Zirconium * “
25 — 20%Ta 80%Zr -
(1.44) (5.75) Zirconium
-3.0
Time (ps)

Approved for public release:; Distribution Unlimited. Approval Confirmation 96 ABW/PA No. 07-03-08-312



Through Thickness Velocity
(Configuration 8)
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Through Thickness Velocity
(Configuration 8)
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A4

Summary
Configuration 1 2 3 4 5 6 7 8
Driver Plate Material Al Al Zr Zr Ta Ta Ta Ta
(Explosive Surface)
Max Compression (GPa) 325 | 355 | 32.2 34.1 41.9 41.9 419 | 419
Max Tension (GPa) 1.88 | 0.76 | 1.93 0.83 5.90 4.56 4.26 | 2.38
Impactor Surface Material | Ta Ta Ta Ta Al Al Zr Zr
Max Compression (GPa) 35.7 | 38.8 | 34.7 37.9 13.3 14.8 18.5 | 20.2
Max Tension (GPa) 5.7 7.15 | 3.82 6.86 3.74 4.22 1.51 2.23
Interface
Max Compression (GPa) 389 | 41.2 | 364 39.8 14.5 15.7 204 | 22.0
Max Tension (GPa) 0.76 | 1.21 | 2.05 0.21 5.13 4.08 219 | 2.19
Velocity
Terminal Velocity (m/s) 1500 | 1150 | 1300 | 1050 | 1575 | 2150 | 1300 | 1575

Anticipated Spall
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Conclusions

g’ \
A

« Good potential for explosively launched bimetallic plates regarding shock loading
experiments

» As expected, material choice and dimensions play a key role in the survivability of
launching the bonded plates. Lower impedance mismatches reduce spall
susceptibility but at expense of reshock

 Shock / Re-shock experiments are more susceptible to spall and thus more
challenging to design

» Additional system features may be introduced such as an air gap between the
explosive and driver plate which would result in a lower driving pressure and
therefore reduced susceptibility to spall.

* Itis encouraging that these initial studies are quite promising. Further studies should
include using an optimization routine which would include controlling the dimensions
of the air gap, and the relative thicknesses of the driver plate and impactor plate.
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