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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.
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A NOVEL EXPLOSIVELY DRIVEN FLYING PLATE SYSTEM
C. A. Forest, R. L. Rabie, L. Bennett, J. Vorthman

Los Alamos National Laboratory
Los Alamos, NM 87545

We describe a new technique for driving thick flying plates to high velocities
without span and with excellent flatness over a uniformly large area.

DESCRIPTION

The Forest Flyer Assembly is as shown
below. The device is axially symmetric and is
constructed of 6 mm wall thickness aluminum (or
ceramic) with a plexiglass target holder assembly. The
predominant features are a tapered section in the
confining assembly and the standoff of the flyer from
the main explosive charge. The dimensions are
approximately as follows. The outside diameter of the
HE charge is about 87 mm. The large diameter straight
section is about 25 mm long and the tapered section is
about 12.5 mm long. The nose of the charge tapers to a

VISAR records indicate that we have achieved a peak
velocity of 4. I mti~sec with this system. Multi-slit
streak camera records show that the flyer is tlat over the
central 80 to 85% of its area to better than 40
nanoseconds. A typical shot record is shown below, In
the photo below both a static (right side) and the
dynamic record are shown. A set of velocny pins M
also visible in the static record. In the static record the
separation of the slits is 1.8 mm and the diameter of the
flyer is about 62 mm. The magnification is about 0.26 I
and [he camera writing speed was 10 mrmpsec. The
record clearly shows the superior planarity of the tl: er >
at impact with the target assembly ( in this case an
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Confining Assembly

Atuminum Flyer (&

FMMA structure

diameter of about 62 mm. The flyer stands off from the
nose of the main charge about 7 mm and is 6 to 7 mm
thick. The flyer is accelerated over a distance of
between 18 and 20 mm to impact the target assembly.
The PMMA structure isolates the target assembly from
shocks that would travel ahead of the flyer and perturb
the target if the target were mounted directly onto the
end of the confining assembly.

In operation, the HE charge is initiated by
either a planewave lens or a multipoint system (with or
without a booster pad). The HE charge is typically
PBX-950 I (95wt% HMX, 2.5 wt% Estane. 2.5wt?Abis-
dinitropropyl acetal / formal). The detonation products
are allowed to expand slightly into the standoff region
between the nose of the HE charge and the flyer.

argon filled gap to provide a bright flash as the
bounding surfaces close.)

In the dynamic. the writing speed IS 10
mrdpsec and the dynamic is at exactly the same scale
as the static. In the dynamic the displacements
vertically convert to time as 100 nanoseconds per
millimeter on a given streak image.

Analysis and Design

The conical taper at the end of the explost~e
charge was designed to remove the lateral rarefactlon.
The angle is chosen so that the taper itself does not
introduce distrubances. The critical angle at which a
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Forest flyer

Slits are 1.8 mm apart
(on the film),
writing speed = 10 mm/us

rarefaction matches the ongoing shock wave but cart
not intrude behind theshock wave can recalculated as
follows.

Consider a shock moving vertically in the
(x.y) space. Let Us = shock velocity. u = particle
velocity, and c = sound speed behind the shock.
Suppose the shock meets the surface at an angle
8. Then the phase velocity of the shock-surface
intersection point is Cs (cor((?), f). The rruefaction
spreads circularly at speed c riding upon the moving
material and has velocity components c(cos(a), sin(a))

+ (O,u) for angles O < a <z. The critical angle 6
occurs when for some a the two velocities are equal.
Thus we want

(c cosa, c sina + u) = (U$ cot~, U,)

Equating components and using the Pythagorean
identity gives us

I 62 mm . I

.

Note that if the Chapman-Jouguet condition. L\=u - ‘“
c. holds at the shock front the critical angle IS 9(J

degrees.

Calculations

Calculations of this system were run using the
~.D Hydroco& hfesa-2D. The calculation was done m
cylindrical geometry using AR = AZ = 0.25 mm. rhe
detonation wave in PBX-9501 was modeled as a
constant velocity detonation with D = 8.8 mm.usec
The Equation Of State (EOS) used was Jones-Wdkens-
Lee (JWL). The figures of the particle veloci~ \ ectors
show the side rarefaction and the flow before and after
the wave passes the tapered section of the Forest Fl>er
Assembly.
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MESA2D calculation, particle veIociV vectors at 2 I.E..The rarefaction has entered the detonated products.
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MESA2D calculation. particle velocity vectors at 5 ps. The detonation wave is in the tapered cone.
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MESA2D calculation, particle velocity at 6 us. The explosive products are filling the gap between the explosive and the
flyer.
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