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Impuise Mitigation Systems for Media Tmpacts and Related Methods thereof

CROSS-REFERENCE TO RELATED APPLICATIONS

5 The present application claims benefit of priority under 35 US.C. §11%e)
from U.S. Provisional Application Serial No. 52/045,736, filed September 4, 2014,
entited “Shiding Impudse Mitigation Systems for Gramuidar Media Impacis and Related
Methods thereof” the disclosure of which is hereby incorporated by reference herein
in it entirety,

1G

FIELD OF THE INVENTION
The present mvention relates generally to the feld of blast nutigation. More
specifically, the invention relates to the subfields of cellular materials implemented as
15 bilast mitigation systens for vehicles, crafls or other transportation stractures, as well

as nop-transportation siructurss.

STATEMENT OF GOVERNMENT INTEREST
20 This invention was made with government support under Grant No.
WOICREB-11-1-0005 awarded by the DARPA. The government has cerfain rights in

the inveniion.

25 BACKGROUND
The detonation of a buried explosive craates g high velocity plume of sotl that
mioves perpendicular to the soil surface. The phume can consist of sand or other
granydar aoil media and may be dry or wet, The explosively accelerated st has a
high momenturn. The soil phime can transfer a substantial fraction of its momendam
30 to a structure placed near the explosion {such as a vehicle underbelly) in a divection
that intercepts the soif plume. The topact of the sand against the structure (e.g.,

vehicles wderbeliy) may deform and sometimes fractures the siructre,
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OVERVIEW

The detonation of a buried explosive creates a high velocity plume of soil that
moves parpendicular 1o the soif surface. The plame can consist of sand or other
granular soil media and may be dry or wet. The explosively accelerated soit has a

#

high momertum determined by its velocity and mass product. The momerntom is 4

(%3}

vector guantity with directionality identical to that of the soil veloeity., The soil phime
can transfer a substantial fraction of i3 momentom o a structure placed near the
explosion (such as a vehicle or craft underbelly, which may include for example the
chagsis, body, vehicle componeris or any combination) in a divection that inleroepts
10 the sod plume. This will cause the structure to suffer a sometimes very large
acceleration. The impact of the sand against the structure also ereates a local
stagnation pressure which deforms and sometimes fractures the structure. The present
inverdors recognize that the momentum transfer and stagnation pressure can be
decroased by wnereasing the distance of soil plume propagation due 1o spreading of the
15 soil and a reduction in #s velocity due to air drag. The present inventors point out that
the momentum transferred and pressure applied to the structure can also be reduced
by inclining the impacted surface of the structure as shown o the screenshot of

3
1

Figure 1. The present inventors point out that in this case the soif shides along the
inclined surface and i3 never Ry arvested. The momentom retamed by the soil is

therefore never transferred to the V-hull and it suffers a simaller acceleration and

b}

stagnation pressure,

An aspect of an embodiment of the present invention provides, but not Houted
thareto, an impuise mitigation system configured to mitigate blast impulse divected to
a surface {or structure or target). The systen may comprise: a substrate in
25 communication with the surface {or structiwe or target), wherein the substrate
configured to reccive an inpulse directed to the surface {or straciure or target) and to
relocate from the surface {or structure or target) in rosponse 1o recetved mpulse. B
should be appreciated that a plurality of substrates may be tmplemented or uitlized.

An aspect of an embodiment of the present invention provides, but not hinuted

&

therete, & method of making an bmpulse mitigation system configured to mitigate blast
impulse directed 1o a surface {or structure or target). The method may comprise:
providing 3 substrate in convnonication with the surface {or structure or target);

configuring said substrate for receiving an impulse directed to the surface {or structure

(]
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or target); and configiring said sabstrate to relocate Fom the surface (or structure or
target) upon receipt of the directed wapuise.
it should be appreciated that the bull {or the like) and its associated

components may be any structure, shape, size, material, or contour as deswed or

(%3}

required.

it shouid be appreciated that a mobile robot niay be a transportation vehicie,
transportation deviee, or ransportation crafl, for exarple.

It shoold be appreciated that a stationary mobile vobot may be 3 type of now-
ransportation stracture, system, or device, for example.
10 it should be approciated that a chassis may of course be base frame of a motor
vehicle or other transportation device or craft, for example. Also, a chassis may be s
frame or a structural network of equipment, architecture, or housing, etc.

These and other objects, along with advantages and features of various aspects
of embodiments of the invention disclosed heremn, will be made more apparent from

15 the description, drawings and claims that follow.

BRIEY DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated into and form a part of
20 the instant specification, Hiustrate several aspects and embediments of the present
invention and, together with the description herein, serve 1o explain the principles of
the invention. The drawings are provided only for the purpose of Hlastrating select
embodimenis of the invention and are not o be construed as Hmiting the nvention,
Figure 1 is a screenshot of a time lapse photographs of the soil ejected by ¢
25 landmive tweracting with a V-hull strocture. The soit plume propagates nosmal to the
soi surface and slides along the inclined surface of the V-hull
Figure 2 15 a screen shot of an examyrle of a mine blast unpulss mitigation

concept. A V-hull sandwich panel is used to deflect the soil ejectad upwards by the

detonation of a large landmine. The rigid sandwich panel redaces the deflection of
30 the mterior surface of the hull

Figure 3 is 3 screen shot of the ncident moraentum, §; of a column of soil that
imipacts a vigid surface inclined at 45° to the direction of motion of the soil can be

resofved into components Ty and L travelling along the sorface of the rigid body. A

(]
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reaction {iransmitted) momentum i created in the rigid body with components &7 and
I

Figure 4 i3 a screenshot perfaining to the experimentally measured transmitted
mpudse o a rigid plate inclined at 45° to g sand shig as a function of the sand shug
velocity for slugs of fixed mass: whereby the Figure tHustrates the results for both y
and z- components of the momentum resolting from impacts by dry and water
saturated sand.

Figure 5 i3 3 screen shot graphically lustrating that fmpacting the surface of
an tnclined plate made from hard materials (from PTFE, ahuninum o alomina) it s
possible {o reduce the friction between sand particles and the plate and thereby reduce
the transferred impulse; and fnereasing the friction paper by covering the impact face
with coarse sandpaper fncreases the impulse that is transferred.

Figure 6 15 a screenshot showing the iropulse transferred to a V-hull can be
reduced by weoakly attaching a plate of mass mop to the inchined surface of the hull, A
shear thirming fhud can be used to reduce the dynmmic friction between the hull and
the sliding plate. Impact of the plate by soil impact aceelerates the plate to a veloeity
Vi and it acquires a momentum which reduces that ransferred to the vebicle hull

Figure 7 1s a screenshot graphically lustrating a comparison of the wmpulse
components transferred to an inclined rigid surface for surfaces with various friction
coefiicients and a surface with a sliding layer of sandpaper attached to the rigid
surface by a shear thinwing fluid; whereby ¥ roay be noted the reduced z-component
of the transferred momentum when the sandpaper was allowed {o slide.

Figure 8 is 3 screen shot that graphically lhustrates the resultant momentum
e +’i,y“}""‘ normalized by the incident momentum 1, is plotted agaiost soil stug spesd
for the low friction coefficient surface (aluming), the hugh friction coefficient murface
and a slipping surface showing that the resultand unpulse appreaches the frictioniess
Himit,

Figure ¥ 15 a screen shot showing a novel system for reducing topulse toa V-
froft whereby ipudse is transferred to sliding plates.

Figure 18 is a screenshot of a vehicle with V-shaped underbody designed to
protect against the soil ejecta generated by the detonation of a shallow-buried

explosive.
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Figuve 11 is a soreenshot portaining to a Cambridge Mine Blast (phystcal
Srmudator.
Figure 12 1s a scroenshot of a set up pertaining 1o molined, non-deformable

targets for experiments involving polished alamina sinke face.

(%3}

Figure 13 is a screenshet of a graph pertaming to inchined, non-deformable
targets for oxperiments regarding reomentum transfer whereby the effect of water
saturation 18 neghgible.

Figure 14 is a screenshot of a graph pertaining to inclined, non deformable
targets for experiments regarding rmomentum transfor whereby the roughness and
10 softoess of the wrapact surface increases the upward momentam,

Figare 18 is a screenshot of micrographic type depictions of various surfaces
and a graph pertaining to inchined, non-deformable targets for experiends regarding
momentum transfer whereby the effect of roughness and hardness of the impact
surface 18 grapbically demonstrated.

35 Figure 16 15 a sorcenshot of a graph pertaining to inclined, non-deformable
targets for the simulation of momentum transfer pertatning o the effect of friction
between particles and target/surface.

Figure 17 is a screenshot of a graph pertatning to the simualation of
momentum transfer showing the effect of inder-particle friction while keeping friction

20 with the wall friction at 8.3,

Figure 18 is a screenshot of a graph pertaining 1o the simulation of

3,
1

momentan transfer showing the effect of stand-off.
Figure 19 ix a screenshot of an experimental set up for blast simulation
gystent.
25 Figurs 28 is a screenshot of blast simolations showing effectiveness of shiding
plates taking imitial sopuise of a sand blast.
Figure 21 is a soreenshot of & graph perfaining to simulations of impuise
wansferred by sand tupact whereby the impulse reductions using sliding plate are

{predicted to be) as big again as that obtained with the V {compared to flat bottomed).

(o]
&

Figure 22 is a screenshot of a graph Hlustrating the measured pressure for 19
o standotf.
Figure 23 15 a screenshot of a graph illustrating the topulse plots for 19 em

standoff
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Figuve 34 is a screenshot of a graph tHustrating the measured pressure for 24
cm standoft.

Figure 25 is a scrocnshot of a graph illustrating the impulse plots for 24 em
standoft,

Figure 26 is a screenshot of a graph ilhestrating the measure pressure for 29
cin standoff,

Figure 17 s a screenshot of a graph tllastrating the wpulse plots for 28 em

standoff

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE
PRESENT INVENTION

Referring o an example, a mine protected vebicles may use its hull 84, such as
a V-shaped to provide a V-hull to reduce thetr vulnerability to land mines (See Figure
2). The favorable V-angle results from a trade-oft between reducing the momentiom
transferred (favored by acute included angles such as 90%), the reduced space inside
the vehicle (favored by an included angle approaching 180°) and the need to Hmit the
total height of the vehicle {to reduce the risk of roll-over). The high pressure applied
by the soil impact with the underside of even an inclined plate surface causes the
impacted plate to underge sever dynamie deflection into the intertor of the vehicle.
The present inventors submit that this can be substantially reduced by using a of such
a sandwich underbelly concept as shown in the soreenshot of figure 3. The present
inventors note that while the sandwich structure 116 is substantially thicker than the
solid material plate of idongical mass per unit ares, the concept shown in Figure 2
uses umised space within the intevior of the general stracture 112 10 accommodate the
extra volome and does not requnre the impact surface {o be moved closer (o the smi
surface 82 {(which would tnerease the transferved impulse by decreasing the standoff
distance}.

The ympact of a soil plume with an inclined rigid surface 86 can be analyzed
with the help of the figure shown n the screenshot of Figure 3. Inthiscase a
coiliynated plume of soil {or other grapular or even fluid medivm) wopacts the surface
of a rigid structure inclined at 0=45° to the plume propagation divection {as ocours for

a V-hull with interior angle of 90°). The incident soif or faid plawne has 3 mass, m

fe g
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and velocity, vy and their product, mevs defines an mcident momentur Gmpulse)
denoted by k. Upon impact with the surface, most of the soil is partially redirected
and flows down the inclimed surface with a momenturn |, However, the momentarily
stagnated soil at the mpact site can also cause some soil 1o the deflected up the rigid
surface and this carries a momentum L. I a simple Caresian coordinate system is
used to analvze the components of momentum, it can be shown that the soil fmpact

induces g reaction momentum 1 Hie inclined surface which transfers momentum {0

faN

ji~

(7]

s

tructure. The components of this {vertor) momentum are denoted 17 and | in
Figure 3. Note that as the angle o is increased to 90°, T approached 1.

The present inventors submit that it is possible to arrange an experiment 0
firther explore the momenturs fransfer process as a granular medinm impacts an
wnclined surface. Using a gas gun, it 18 possible to launch a eyvlindrical cobumn of
granular particles towards an inclined rigid surface with an inclination angle 1=43°,
The momentum transferred to the stnicture can then be measured with accelerometers.
Figure 4 is a screenshod that graphically shows the rosults of such an experiment
where dry and water saturated sand cylinders impacted the inclined plate at various
velocities. In this case the s-component of the wamaferred momentum was larger than
the y-component and was unaifected by the moisture content of the granular mediwm.
The splitting of the momentum info these two components was also independent of
the sand mmpact veloeity.

The present inventors have discovered that the momentunt transfor process is
highly sensttive to the friction coefficient of the impacted surface. FigureSisa
screenshot that graphically shows the results of an experioent where the tmpacted
surface Fichion cosflicient was changed. Sorfaces that are casity evoded by the soil
particle timpact such as soft Polvietraflvorcethviene (PTEFE) and aluminum bave very
high fricton cosfficients. Surfaces such as coarse sandpaper severely impede the
flow of sand particles across the surface and alse have very high friction coefficients.
O the other hand, very hard (nondeformable) surfaces such as that of alumina have
low friction coefficients for sand particle tmpacts with velocities in the 1680-200 m/s
range. It can be seen in the graph of the sereenshat of Figure § that abuming has a

nuuch lower z~component of transferved momentam than the other surfaces and it can
be concluded that increasing the friction coeffictent mcreases the z~component of

fransforred momentunt. Essentially, 3 low friction coeflicient surface allows the soil
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particles to slide over the inclined surface with very Hule resistance. As a vesuly, th
sand retains more of its oviginal momentam and so less is transforred o a simchure,
However, the practical implementation of this concept could be problematic because
the soil particles from a real landmine can travel at very velocity exceeding 2000m/s
in some cases. The impact of such a particle can create surface pressures of order
¥y, * which for particles with a density p=3,000 kg/m’ and v =2, 000 =
3x107.(2x10°Y=12 (GPa which approaches the hardness of eeranics, It might
therefore require the use of very hard, very smooth and therefore expensive surfaces.
Sinee these surfaces are likely (0 be impacted {requently during normal use, they
would need to also be very durable and therefore need a bigh fracture toughness. One
candidate would be a cermet or metal bonded ceramic material with an appropriate
surface treatment.

The present mventors subpmit that in order to reduce impolse ransfer to the
inclined surface i is necessary to maxinyze the fraction of impulse carried away from
the surface. As the intenaity of the soil impact mereases it will be difficult to maintain
the low friction coetticient needed for this. In this case the present mventors claim
that 1t is possible to reduce the impulse transfer by weakly attaching a plate {or other
structure type as destred or required) to the inclined surface using casily sheared pins
or other similar approach. The exterior surface of the attached plate {or other
structure type) has a fiiction coefficient which causes it to acquire momentum in the
diraction of sand flow on the inclined surface, If it bas a weak shear strength interface
with the rigid inclined surface (such as achicved with a shear thivning fluid) then the
attached plate would acquive a momentum characteristic of a surface with a very low
friction coefficient. Figare 6, for examyple, 18 3 screcnshot that shows an embodiment
of the shiding plate nutigation concept, which represents an approach for an impilse

niitigation system 118, The impulse transferred to a V-hall 38 of the stroctare 112
from a blast 88 origimating the sand 52 can be reduced by weakly atiaching a substyate
114 {such as plate as shown, or other struchure or collolar material as desired o
requited) of mass m, 1o the inclined surface of the bull. A shear thinning fhuid can be
used to reduce the dynaric friction between the hull 3% and the sliding plate (J.e,,
sabstrate 114}, Impact of the plate by soif impact accelerates the plale to a velowity

Vp and it acquires a momentumn which reduces that transterred to the vehicle holl,

PCT/US2015/048684
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To test this concept, the present inventors have attached a sheet of sand paper
psing a shear thivadng gel to the rigid inclined surface studied above and impacted #

with sand shugs of various velocities. Figure 7 18 a screenshot that graphically shows

the results for this case { vmdpape* si}ppmg WNEW} and conpares them to those

effective coeflicient of friction is controlled by that of the shear thinning fluid and not
the wpacted surface which has a very high cocfficient of friction. Figure8isa
screenshot that graphically shows that the resultant mormentom transferred to the
structore is the same as that transferred by a surface with very low friction coefficient
{aluntina},

The present invendors note that the momenton carvied by the shpping plate as
it escapes the Vesurface is unavailable to be transferred to the structure, and thereby
providas a potent means of reduction of impuise transforred to the siructure,  The
present wventors also note that the plate could be made of a frangible material which
breaks apart shortly after initiad aceeleration thereby reducing the risk of collateral
damage from the plate. The present inventors also note that g propetiant could be

~

used to resist the motion of the shipping plate or to even pre-accelerate it towards
mcoming soi {o achieve inpualse cancellation. For example, this would reguire the

use of & sensor to detect clectromagnetic sovssions from the detonation at the instant
ot explosive detonation or t detect sudden ground motion (e.g. using & ground
surface ponetrating radar sensor) as the explosion generated shock wave reaches the
soi] surface.

Figure 8 iz 3 screcnshot that shows an embodiment of the sliding plate
mitigation concept as stmilarly shown in Figure 6 (which represents an approach for
an npulse mitigation system 1183 The topulse ransferred 1o a V-hull 85 from a
biast S8 can be reduced by weakly attaching a substrate 1314 (soch as plate as shown)
of prass mp to the inclined surface of the boll, A shear thinning fluid can be used to
reduce the dynantic friction between the hull 55 and the sliding plate. Impact of the
plate by soil impact accelerates the plate to a velocity Vp and it acquires a momentum
which reduces that transferred to the vehicle hull. For this sercenshot, a novel system
for reducing opulse transfer to a V-huoll is shown, For example, but not lnited
thereto, provided is a potential reduction 7 0.30/0.8 =37.5%, L. = 0.15/0.7 = 21.5%

and whereby impudse is transterred to sliding plates

g
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Figuve 18 is a screenshot of a vehicle with Veshaped underbody designed to
protect against the sol ejecta generaied by the detonation of a shallow-buried
explosive.

Figure 11 15 a screenshot pertaining to a Cambridge Mine Blast (physical)

(%3}

Strnulatos.
Figure 12 15 a screenshat of a set up pertaining to wlined, non-deformable

5 o
H K
H

targets for experiments volving polished alununa strike face.

Figure 13 is a screenshot of a graph pertaining to inclined, non-deformable

targets for experiments regarding rmomentum transfor whereby the effect of water
10 saturation is negligible.

Figure 14 15 a screenshot of a graph pertaining to inclined, novn deformable
fargets for experiments regarding momentom transter whereby the roughness and
softness of the impact surface increases the upward monentun.

Figure 15 15 a sereenshot of micrographic type depictions of varous surfaces

15 and a graph pertaining to inclined, non-deformable fargets for experiments regarding
momentunt transfer whereby the effect of roughness and hardness of the impast
surface is graphically demonstrated.

Figure 16 s a screonshot of a graph pertaining to shined, non-deformable
targets for the simulation of momentum transfer pertaining to the effect of friction

20 between particles and target/surface.

Figure 17 is a screenshot of a graph pertaining 1o the sinudation of
momentarn transfer showing the effect of wter-particle fuiction winle keeping friction
with the wall friction at 0.3,

Figure 18 is a screenshot of a graph pertaining o the simaulation of

25 momentum transfer showing the effect of stand-offl

Figure 19 is a screonshot of an experimental st up for blast simelation
systen,

Figure 28 is a screenshot of blast simulations showing effectiveness of sliding

plates taking nitial bypulse of a sand blast.

(o]
&

Figure 21 is a screenshot of a graph pertaining {o simulations of fmpuise
transferred by sand impact whereby the impulse reductions using shiding plate are

{predicted to be) as big again as that obtained with the ¥V {compared to flat bottomed).

10
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Figuve 22 is a screenshot of a graph tHostrating the measured pressure for 19
om standoft pertaining to the experimental setup shown in the sereenshots of Figurss
1% and 28

Figure 23 is a screenshot of a graph illustrating the ympulse plots for 9 em
standoff pertaining to the experimental setup shown in the soreenshots of Figures 19
and 26.

Figure 34 is a screenshot of a graph illustrating the measured pressure for 24
cny standoft pertaining to the experimental setup shown in the screenshots of Figures
1% and 28.

Figure 25 is a scrocnshot of a graph illusteating the impulse plots for 24 cm
standoft peraining to the experimental setup shown in the soreenshots of Figures 19
and 28.

Figurs X6 ig a screenshot of & graph illustrating the measure pressure for 29
oo standoft perfatung to the expertoental setup shown in the sercenshots of Figures
1% and 6.

Figure 27 is a screenshot of a graph illusteating the impulse plots for 29 em
standofl pertaining to the experimental setup shown in the screenshots of Figures 19
and 28.

3

§t should be appreciated that various sizes, dimensions, contours, rigidity,
shapes, flexibility and materials of any of the components or portions of counponents
i the various embodimenis discussed throughout meay be varied and otilized as
desired or requared.

it should be appreciated that while some dimensions may or nmay not be
provided on the aforementioned figures, the device ay constitute various sizes,
dimensions, contours, rigidity, shapes, flexibility and materials as it pertaing to the
components or portions of components of the device, and therefore may be varied and
utilized as desived o required.

it shouid be appreciated that any of the conponenis or modules referred to
with regards 1o any of the present invention erabodiments discussed herein, may be
integrally or separately formed with one another. Fuorther, redundant functions or
structures of the components or modules may be implomented.

{t showuld be appreciated that the device and related compponents discussed

herein may take on all shapes along the entive contingal geometric spectrum of

11
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manipudation of X, v and 7 planes to provide and meet the stuctural demands and
operational requurernends. Moreover, locations and alignments of the various
components may vary as desired or requirad.

The various embodiments of the structares, compositions, systems, devices,

(%3}

and materials discossed in the present disclosure be wtilized and implemented fora
murnber of products and services, For instance, it should be appreciated the following
provides a non-limiting Hst of exaraples that represent ernbodiments that are
considered part of the present invention and may, of course, be employed within the
context of the invention other than with a V-hull {or in addition to 2 V-huil).

10 {. Heat Pipe System, structures, or dovices,

b

Heat Sink system, structures, or devices,

Thermal Management Systems (TMS),

B

Rallistic resistant and mitigation devices, structures, and systoms,

(%41

Projsctile resistant and mitigation dovices, structures, and sysioms,

15 Migsile revistant and mitigation devices, structures, and systems,

has BN

Blast resistant and mitigation deviees, structures, and systems,

>

Heat resistant devices, structores, and systems,

=

Electrical maulatimg devices, structares, and systems,

10, Armor plating system, device, or structure,

b}

11, Tank plating system, device, or structure,

12, Armor system, device, or sfructure,

13, Lattice sfructure {for example, but not lonited thereto, tetrahedral, pyramidal,
three-dimension kagome, kagome, or aryy combination thereof},

14, Cellular structure,

25 13, Corrugation structhure (for exampile, but not hvuted thereto, triangular,
diamond, multi-layered, flat-top, Naviross, or any cornbination thereof),

16, Honeycomb structure {fir exanple, but not finited thereto, hexagonal cell,
sguare cell, eylindrical, rectanguiar cell, triangular cell or any combination

thereot),

[

. Panel strocture,

)
et [y [y
o R 3
M
eg
[
L¢]
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e

. Randwich structure,

28. Modular layer structure or multifayer component,

12
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36,

Mudtifunctional structure oy component,
Srart memory alloy (SMAY system, device, or siraciure,
Textile weave siructure, woven structure, mesh structure, bratd structure,

mudtifayer textile strocture, or any combination thereof]

. Architectaral strocture (for example: pitlars, walls, shiclding, foundations or

floors for tall buildings or pillars, wall shielding flowrs, for reguiar buildings

and houses),

. Civil engineering field structure {for example: road facilities such 45 noise

resistant walls and crash barriers, road paving maierials, permanent and
portable aircraR landing renways, permanent or portable landing pads, pipes,
segment materials for tunnels, segment materials for underwater tunnels, tubs
structural materials, main beams of bridges, bridge floors, girders, cross beams
of bridges, girder walls, piers, bridge substructures, towers, dikes and dams,
guide ways, ratlroads, ocean structures such as breakwaters and wharf
protection for harbor facilities, floating piers/oil excavation or production
platforms, atrport structures such as runways}, military

security/protection/defense structures;

3, Machine stracture (Tor example: frame stroctores for carrying system,

carrying pallets, frame structure for robots, ete.),

. Antomobile structure (for example: body, frame, doors, chassis, roof and

floor, side beams, bumpers, cte.),

. Ship stractove (for exarple: main fame of the ship, body, deck, partition wall,

wall, efc.},

. Freight car structure {for example: body, frame, floor, wall, ete.),

. Adreraft stracture (for example: wing, main frame, body, floor, sic),

. Spacecraft structare (for example: body, frame, floor, wall, ete ),

. Space station structure {for example: the nain bady, floor, wall, ete.}, and
. Submuarine, ship or water crafl structure (for example: body, frame, efc}.

. Military vehicle (tank, mutomobile, robaot, etc.),

. Parts for marine vessel bulls or decks or parts for hovercraft, and other

amphibious vehicles,

Frames to any aiv, space, oy water eraft, vehicle or robot,
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. Quter skin or inner skin, as well as other components, of any air, space, or

water orafl, vehicle or robot,

. Any building struetures or eomponents of building structures,
. Any mutomotive component, bodies, frames, chassis and components,
. Tranaportation land, air, or sea vehicle, craft or robot,

. Electronics systems or components of such electromic systeras, as wel as other

compponents and housings,

. Mudtifunctional system, device, or structore,
3. Struts or the like,
4. Jet Blast Deflector (JBD) system,

5. Armor suit {or portions thereof) for military personnel or other human or

animal sobjects,
Armer shicld for military personnel or other human or animal subjects,
Armor helmet or mask {or portions thereof) for military personnel or other

hurman or animad subjects,

o

. Armor gear (or portions thereof} and accessories for military personnel or

other human or animal subjects,

. Asmor suit for mulitary robot or other types of robots,

. Reds, bars or other elongated members,

. I-bheam, H-beam, or other beam like structures,

. bpact resistant and mitigation devices, structures, and systems,
. Force resistant and mifigation devices, struchures, and systems,

. Shock absorption deviees, structures, and systems,

. Crash deflection and mitigation devices, structures, and systems.

The method of providing, making or using any of the devices, systemas, or

structures provided in the above Hist (nos. 1-55} may be employed within the context

of the invention.

EXAMPLES

be still

N

Practice of an aspect of an emmbodiment {or embodiments) of the nvention will

more fully understood from the following examples and experimental resulis,

14
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which are presented herein for illustration only and should not be constried as

linniting the invention in any way.

Example and Experimental Besulls Set Neo. 1

An aspect of an embodiment of the present invention provides a sliding plate
system. Accordingly, an aspect of an embodiment of the present invention may
provide s mors significant condribution than the miroduction of the V-bull 1o mine

resistant vehicles, The V holl introduced by Vernon Joyat fom S, Africa via FPI
reduced momentum by 15%. In contrast, an aspect of an erbodinent of the present
mvention slider system may achisve 25-30+%, e, a 200% improvement in
mitigation. Also, there are consequences not just for vehicle jump height (25%

o3
i

mpulse reduction reduces jump height by 50%), but the dynamic deflection of the
interior will be greatly reduced {on top of the factor of 2-3 reduction from use of

sandwich times ZX if the present inventors switch from steel to titanium, for
example). Forther, an aspect of an embodiment of the present mvention allows the ¥V
angle to be reduced so there is more space mside the vehiele, and the vehicle height
ahove ground could be reduced (whereby vehicle stability and stealth would be
mproved). Further yet, an aspect of an embodiment of the present invention provides
a means to actively stabilize vehicle voll it the sliding plates were launched by a

propeliant when an accelerometer detected a critical roll rate.

Additions! Examples

Example 1. Animpulse mitigation system configured o mifigate blast
impulse directed 1o a surface (or structure or target). The system may comprise: a
subatrate in commnumication with the surface {or stractare or target), wherein the
subatrate configured to receive an impulse directed to the sarface(or structure oy
targety and to relocate from the surface {or stroctare or target) in response 1o received
wnpulse. [ should be appreciated that a phurality of substrates may be implemented or
utilized.

Example 2. The sysiem of example 1, wherein the commumication includes
the substrate being slidably detachable with the surface.

Example 3. The system of example | {as well as subject matter of examples

1, wherein the surface is configured as at least two surfaces aligned to intersect one

i3



WO 2016/081048 PCT/US2015/048684

another at an angle equal to or less than 186 degress. 1t should be appreciated that the
angle may be any sub range less than 180 degrees. I should be appreciated that the
angle may be any indeger or fraction less than 180 degrees. 1 showuld be appreciated

that the angle may be greater than 180 degrees (as well as any integer or fraction

(%3}

thereof].
Example 4. The system of example 3 {as well as subject matter of one or
more of any combination of examples 2-3), wherein the substrate 18 in conmunication
with a first of the at least two surfaces.
Example 5. The system of example 4 {as well a5 subject matier of one or
18 more of any combination of examples 2-4), wherein the substrate is in compunication
with a second of the at feast two surface

Example 6. The system of example 1 {as well as subject matter of one or
more of any combination of examypies 2-5), wherein the surface is configured as at
icast two surfaces aligned o infersect one another at an angle equal to or less than 90

15 degrees. [t should be appreciated that the angle may be any sub range less than 90
degrees. It should be appreciated that the angle may be any integer or fraction less
than 90 degrees.

Example 7. The system of example 6 {as well as subject matter of one or
more of any combination of examples 2-6), wherein the xabstrate is in communication

20 with a first of the at least two surfaces.

Example 8. The system of example 7 {as well as subject ruatter of one or
more of any combination of examples 2-7), wherein the substrate is in communication
with a second of the at least two surfaces,

Example 9. The systern of exarnple 1 {as well as subject matter of one or

25 more of any combination of exayples 2-8), wherein the relocation of the substrate
inciudes sliding along the sarface

Example 18, The system of exanple 1 {as well as subject raatter of one or
more of any combination of examples 2-9), wherein the substrate comprises a

material including one or more of any corsbination of the following matenals: cermet,

(o]
&

ceramic, or metal bonded ceramic.
Exarople 11, The system of example 1 {as well as subject matter of one or
more of any combination of examples 2-18), wherein the relocation of the substrate

includes breaking apart from the surface.

16
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Example 12, The system of example 1 {as well as subject matter of one or
more of any combination of examples 2-11), wherein the surface comprises a
sandwich panel.

Example 13, The system of example 1 (as well as subject matter of one or

(%3}

more of any combination of examples 2-12), whergin the substrate comprises a
sandwich panel.

Example 14, The system of example | (as well as subject roatter of one or
more of any combination of examples 2-13}, wherein the surface is configured as part
of a chassis to be used for a travsportation vebicle, ransportation container oy
10 wansportation craft,

Example 15, The system of example 1 {as well as subject matter of one or
more of any combination of examples 2-14), whergin the surface 1s configured as part
of a body to be used for 3 transportation vebicle, transportation container or
transportation craft.

35 Example 16, The system of example 1 {85 well as subject matter of one or
muore of any combination of examples 2-15}, wherein the surface is configurad as part
of a chassis and body to be used for a transportation vehicle, transportation container
or transportation craft,

Example 17, The system of example 1 {as well as subject matter of one or

20 mote of any combination of examples 2-16), wherein the surface is configured as part
of a non-transportation struchure, system, or device.

Example 18, The system of example 1 {as well as subject matter of one or
more of any combination of examples 2-17}, wherein the system further comprises: a
chassis to o transpostation vebicle, ransportation container of fransportation crafl; and

25 wherein the surface is configured as part of the chassis,

Example 1%, The system of example 1 {as well ag subject matter of one or
more of any combination of examyples 2-18), wherein the systen further comprises: a
body to a fransportation vehicle, transporiation comtainer or ransporiation eraft; and

wherein the surface is configured as part of the body.

(o]
&

Example 28.  The system of example 1 {as well a5 subject matier of one or
more of any combination of exaoples 2-19), wherein the systern further comprises: a
chassis and body 1o a ransporiation vehicle, transportation container or transportation

craft; and wherein the surface s configared as part of the chassis and the body.
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Example 21, The system of example 1 {as well as subject matter of one or
more of any combination of examplies 2-20), wherein the sysieom further comprises: a
transportation vehicle, transportation container or transportation craft. The
transportation vehicle, transportation container or transportation orafl comprises: a
chassis; and wherein the sarface is configured as part of the chassis.

Example 22, The system of example 1 {as well as subject matter of one or

more of any combination of examples 2-21), wherein the system forther comprises: a
transportation vehicle, transportation container or transportation craft. The
fransportation vehicle, transportation container or transportation craft comprises: a
body; and wherein the surface is configured as part of the body.

Example 23, The system of example 1 {as well as subject matter of one or

more of any combination of examples 2-22), wherein the system further comprises: a
transportation vehicle, transportation container or fransportation craft, The
transportation vehicle, transportation countainer or fransportation crall comprises: a
chassis and body; and wherein the surface is contiguwed as part of the chassis and the
body.

Example 24, A method of making an impulse mitigation system configored
to mutigate blast impulse divected to a surface {or structare or target). The method
may comprise: providing a substrate in communication with the surface {(or stractars
or targety: configuring the substrate for receiving an impulse directed to the surface
{or structure or target); and configuring the substrate to relocate from the surface (or
stractave o target) upon receipt of the divected wrpudse.

Example 25, The method of manufacturing any of the systems {or
components o portions of the systenms) provided in any one oy more of examples 1-
23, The method of manufacturing may utilize any of the technigues, materials,
compostions, components, stractares, approaches, devices, or systems disciosed in
references cited herem (Lo the reforences being the various patents, applications and
publications as listed borein).

Example 26, The method of using any of the systems (or components or
portions of the systems) provided in any one or more of examples 1-23. The method
of ustng may utilize any of the techotgues, materials, compositions, copponents,

structures, approaches, deviees, or sysierns disclosed 1o references cited herein (.

1R
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the references being the vartous patents, applications and publications as listed

herein).

REFERENCES

The following patents, applications and publications as Hsted below and
throughout this document are hereby incorporated by reference in their entirety
hervein. t should be appreciated that various aspects of embodiments of the present
method, system, devices, article of manufactors, and compositions may be
implemented wiih the following methods, systems, devices, article of manufacture,
and compasitions disclosed 1 the following U.S. Patent Applications, U8, Patents,
Publications, and PCT Intemational Patent Applications and ave hereby incorporated
by reference herein and co-owned with the assignes (and which are not admtted to be
prior art with respect v the present invention by inclusiva in this section):

Intemational Patent Application Serial No, PCT/UR2015/025774, Wadley, ot
al., “Graphene or Carbon Nanotube Matertals and Method of Making and Using the
Same”, filed April 14, 2018,

International Patent Application Serial No. PCTAIS2015/025736, Wadley, et
al,, “Hierarchical Cellulay Materials and Method of Making and Using the Same”,
filed April 14, 2415,

Intemational Patent Apphication Serial No, PCT/USZ014/052899, Wadley, et
al, "Lattice Materials and Structures and Related Methods Thereof”, filed Aagust 27,
2014,

International Patent Application Serial Mo, PCT/US2014/052936, Wadley, ¢t
al, “Three-Dimensional Space Frames Assembled from Component Pieces and
Methods for Making the Same”, filed Aggust 27, 2014,

International Patent Apphcation No. PCT/USZHI14/033821 entitied “Corrosion
Registant Metal and Metal Alloy Coatings Containing Supersaturated Conecentrations
of Corrosion fobibiting Blements and Methods and Systeras for Making the Same,”
filed April 11, 2014,

LS, Patent Application No. 13/640,239 entitled "Multi-Foactional Hybnd
Panel for Blast and lmpact Mitigation and Method of Manufacture,” filed Cetober 9,

2012; U8, Patent Application Pablication No. 2013/0263727, October 16, 2013,

18
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Intemnational Patent Application No. PCT/US201 1/031582 entitled “Multi-
Functional Hybrid Panel for Blast and bopact Mitigation and Method of
Manufacire,” filod April 7, 2011

.8, Patent Apphication No. 13/522,264 enttled “Multfunctional Thermal
Management Sysiem and Related Method,” filed Joly 13, 2012; U5, Patent
Application Publication No. 20130014916, January 17, 2013,

Intemational Patent Applcation No, PCTAUS201 /021121 enutled
“Multifunctional Thermal Management Systern and Related Method,” fled January
13,2011

U.S, Patent Application No. 13/448,074 entited “Manutacture of Lattice
Truss Structures from Monolithic Materials,” filed April 16, 2012,

U.S. Patent Apphication No. 12/447, 166 entitled “Manufacture of Lattice
Truss Structures from Monolithic Materials,” filed Aprl 24, 2009 1.8, Patent Na.
8,176,635, 1ssued May 15, 2012,

International Patent AppHceation No. PCT/US20087/022733 entitled
“Manufacture of Lattice Truss Structures from Monolithic Materials,” filed October
26,2007,

.S, Patent Application No. 13/371,044 entitled “Method and Apparatus
Application of Metallic Alloy Coatings,” fited February 10, 2612,

.8, Patent Apphication No. 10/489 094 entitled “Method and Apparatus
Application of Metallic Alloy Coatings,™ filed March ¢, 2004; U.S. Patent No.
8,124,178, 1ssued Febroary 28, 2012,

International Patent Application No. US02/28654 entitled “Methad and
Apparatus for Application of Metallic Alloy Coatings,” fited September 10, 2002,

(1.5, Patent Apphication No. 13/337,133 entitfed “Reliant Thermal Barrier
Coating System and Related Methods and Apparatus of Making the Same,” filed
December 25, 2011; ULS. Patent Application Publication No, 2012/0166166, Jone 28,
2012,

VLS. Patent Application No. 11/917,385 entitled "“Reliant Thernal Barder
Coating System and Related Methods and Apparates of Making the Same,” fled

Decentber 14, 2007; U.S, Patent No. 8,084,086, issued December 27, 2011
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Intemnational Patent Application No. US2006/025978 entitled “Reliamt
Thermal Barrier Coating Systern and Related Methods and Apparatus of Making the
Same,” filed June 30, 2006,

.8, Patent Apphication No. 13/202,528 entitled “Coaxial Hollow Cathode
Plasma Assisted Directed Vapor Deposition and Related Method Thereofl” filed
Avgust 23, 20115 ULS. Patent Application Publication Mo, 201 1/0318498, December
29, 2011,

International Patent Application No. PCT/US2010/025259 entitled “Coaxial
Hollow Cathode Plasma Assisted Divected Vapor Deposition and Related Method
Thereod,” filed February 24, 2010,

U8, Patent Apphication No. 13/164,189 enutled “Multifinctional Periodic
Cellular Solids and the Method of Making the Same,” filed he 20, 201 1.

.8, Patent Apphication No. 10/473833 ¢
Celhigdar Solids and the Method of Making the Same,” filed December 5, 2003; UK.

Patent No. 7,963,088, ssued June 21, 201 L

ntitled “Multifunctional Periodic

International Patent Application No. FCOT/US2002/317942 entitled
“Multifunctional Pedodic Celludar Solids and the Method of Making the Same,” filed
June 6, 2002

Intermational Patent Application No, PCT/USZG /035581 entitled “Spotless
Arc Brirected Vapor Deposition {SA-DVID and Related Mathod Thereof,” filed May
6, 2011,

LIS, Patent Application Mo, 12/733,160 entitled “Thin Fibw Battery Synthesis
by Directed Vapor Deposition,” filed Febroary 16, 2016; ULS. Patent No., 8,784,512,
issued July 22, 2014,

International Patent Application No. PCT/AUSZO0E/G73071 entttled “Thin Film
Hattery Synthesis by Dhrected Vapor Deposition,” filed August 13, 2008,

U8, Patent Application No. 12/673,647 entitled “Synergistically-Layered
Armor Systems and Methaods for Froducing Lavers Thereof)” filed Febroary 16, 2010

Intemnational Patent Applcation No. POT/US2008/073377 entitled
“Synergisticaliy-Layered Armor Systems and Methods for Producing Layers

Thereof,” filed August 15, 2008,
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LLR. Patent Application No. 12/673,418 entitfed “Hybrid Periodic Celtular
Material Struchures, Sysiems, and Methods for Blast and Bathistic Protection,” filed
February 12, 2014

{ntermnational Patent Apphication No. PCT/AUSZH08/07 1848 entitled “Hybnid
Periodic Celhilar Material Structures, Systems, and Methods for Blagt and Ballistic
Protection,” filed July 31, 2008,

International Patent Application No. POT/US2009/061 888 entitled “Reactive
Topologically Controlled Armors for Protection and Related Methed,” filed Oetober
23, 2409

U.S. Patent Application No. 12/604,654 entitfed “Interwoven Sandwich Panel
Structures and Related Method Thereof)” Gled Gotober 23, 2609,

U.S. Patent Apphication No. 12/596,54% entitfed “Heat-Managing Composite
Structures,” filed October 19, 2009; UK, Patent Application Publication Ne.
2010/0236759, September 23, 2010,

International Patent AppHeation No. PCT/US2008/060637 entitled “Heat-
Managing Composite Structures,” filed April 17, 2008,

.S, Patent Application No. 12/301,916 entitfed “Method and Apparatus for
Jet Blast Deflection,” filed October 7, 2(009; U.S. Patent No. 8,360,361, issaed
Janpary 29, 2013,

Intemational Patent Apphication No, PCT/USZIGH7/012268 entitied “Method
and Apparatus for Jet Blast Deflection,” filed May 23, 2007,

LIS, Patent Application Mo, 12/479,408 entitled “Manufacture of Lattice
Truss Structures from Monolithic Materials,” filed dune §, 2009; 115, Patent Nao.
8,650,756, 1ssued February 18, 2014,

U.S. Patent Application No. 12/408,250 entitled “Cellular Lattice Structures
With Muttiplieity of Cell Sizes and Related Method of Use,” filed March 206, 2009,

International Patent AppHeation No, PCT/USZ009/034690 eatitied “Method
for Mamifacture of Cellular Structure and Resulting Celhular Structure,™ filed
February 20, 2009,

LS, Patent Application No. 11/928,161 entitled “Method and Apparatus for
Heat Exchange Using Hollow Foams and Interconnected Metworks and Method of

Making the Same,” filed October 30, 2007,

o
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LLR. Patent Application No. 10/333,004 entitfed “Heat Fxchange Foam,”™ filed
January 14, 2003; US. Patent No., 7401,643, issued July 22, 2008,

international Patent Application No. BCT/USZ001/022266 entitled “Method
and Apparatus for Heat Bxchange Using Hollow Foams and Interconnected Networks
and Method of Making the Same,” filed July 16, 2041

U8, Patent Application No. 11/857,856 entitled “Active Energy Absorbing
Cethudar Metals and Method of Manufactoning and Using the Same,” filed September
19, 2007,

LS, Patent Application No. 10/516,057 entitled “Active Energy Absorbing
{elular Metals and Method of Manufacturing and Using the Same,” filed November
29, 2004; U.S. Patent No. 7,288,326, issued Qotober 38, 2007,

Intermational Patent Apphication No. US20(3/01 7049 entitled “Active Energy
Absorbing Celiular Metals and Method of Manufacturing and Using the Same,” filed
May 30, 2003,

LS. Patent Application No. 11/788,958 entitfed “Multifonctional Battery and
Method of Making the Same,” filed April 23, 2007; U.S. Patent Application
Fublication No. 2007/0269716, November 22, 20607,

1.8, Patent Application No. 18/1 1,368 entitfed “Multifunctional Batlery and
Method of Making the Same,” filed Apnil 8, 2002; UK. Patent No., 7,211,348, issued
May {, 2007,

Intemnational Patent Application No, PCT/US2001/02515¥ eatitled
MULTIFUNCTIONAL BATTERY AND METHOD OF MAKING THE SAME,”
filed August 10, 2001.

U.S. Patemt Application No. 10/584,682 entitfed “Apparatus and Method for
Applying Coatings onto the fnterior Sorfaces of Components and Related Stractures
Produced Therefrom,” filed Jupe 28, 2006; U.S. Patent No. 8,118,143, issued
February 7, 2012,

International Patent Application No. USZ0US/000600 enttled “Apparatus and
Method for &pplying Coatings onto the Interior Sorfaces of Components and Related
Siraciures Produced Therefrom,” filed Janeary 10, 2005,

U.S, Patent Application No. 10/566,316 entitled “Method for Application of a

Thermal Bamier Coating and Resualtant Structure Thereof]” filed Jamiary 27, 2006,
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Intemnational Patent Application No. US2004/024232 entitled “Method for
Apphcation of a Thermal Barner Coating and Resultant Stractore Thereof)” filed July
28, 2004,

.8, Patent Apphication No. 10/545,042 entitled “Methods for Mamifactore of
Multitayered Multifunctional Truss Suuctures and Related Stractures Therefrom,”
filed August 11, 2005,

International Patent Applcation No. PCT/US2004/004608 entitled “Methods
for Manufactore of Multilayered Moltifimetional Truss Stroctures and Related
Siraciures Therefrom,” filed Febrouary 17, 2004

U.S, Patent Application No. 10/535,364 entitled “Boad Coat for 2 Thermal
Barrier Coating Systenm and Related Method Thereof)” filed May 18, 2005,

Intermational Patent Apphication No. US20(3/037483 entitled “Bond Coat fiw
a Thermal Barrier Coating System and Related Methad Thereof)” filed November 21,
2403,

LS. Patent Application No. 10/533,993 entitled “Extremely Strain Tolerant
Thermal Protection Coating and Related Method and Apparatus Thereof,” filed May
3, 2005,

International Patent Application No. USZ0(3/3360335 entitled “Fxtremely
Strain Tolerant Thermal Protection Coating and Related Method and Apparatus
Thereof,” filed November 12, 2003,

LA, Patent Application No. 10/526,416 entitled “Blast and Ballistie
Protection Systems and Methods of Making Same,” filed March 2, 2005; U.S. Patent
No. 7,913,611, issued March 29, 2011

International Patent Application No. US2003/027605 entitied “Blast and
Ballistic Protection Systems and Methods of Making Same,” filed September 3, 2003

{15, Patent Appheation No. 10/526,296 entitled “Method for Mamsfacture of
Truss Core Sandwich Structures and Related Structuves Thereot,” filed March 1,
2005, ULS. Patent No. 7,424,967, tssued Septermber 16, 2008,

International Patent Applcation No. US2003/027606 entitled “Method for
Mamutactore of Truss Core Sandwich Structures and Related Struciures Thereofl”

filed Septeniber 3, 2003,
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Celhular Matenals and Structures for Blast and Impact Mitigation and Resulting
Structure,” filed Janwary 21, 2008,

{ntermational Patent Apphication No. PCT/AUSZH03/023043 entitled “Method
for Manufacture of Celivlar Materials and Strocoares for Blast and bopact Mitigation
and Resulting Structure,”™ filed July 23, 2003,

LS. Patent Application No. 14/522,076 entitled “Method and Apparatus for
Dispersion Strengthened Bond Coats for Thermal Barrier Coatings,” filed Janoary 21,
200S.

international Patent Application No. US2003/0231 11 entitled “Method and
Apparatos for Dispersion Strengthened Bond Coats for Thermal Barrier Coatings,”
filed Jaly 24, 2003,

.8, Patent Application No. 10/515,572 entitled “Method for Manufacture of
Periodic Cellular Structure and Resuiting Perwodic Cellular Structure,™ filed
November 23, 20604,

International Patent Application No. FOT/US2003/0316844 entitied “Method
for Manufachure of Peviodic Celludar Structure and Resulting Periodic Cellular
Structure,” Hled May 29, 2063,

U.S. Patent Apphication No, 16/512,161 entitled “Apparatus and Method for
Uniform Line of Sight and Non-Line of Sight Coating at High Rate,” filed October
15, 2004; U8, Patent No. 7,718,222, issued May 18, 2010,

Intemnational Patent Application No. US2003/012928 entitled “Apparatus and
Method for Uniform Line of Sight and Non-Line of Sight Coating at High Rate,” {iled
Aprid 25, 2003

U.S. Patent Application No. 18/487,291 entitled “Reversible Shape Memory
Multifunctional Structural Designs and Method of Using and Making the Same,” filed
February 20, 2004; LS, Patent No. 7,668,799, issued March 2, 2010,

International Patent Application No. USQ2/271 16 enditled “Reversible Shape
Memory Muoltifunctional Stroctural Designs and Method of Using and Making the
Same,” filed Augusi 26, 2002

U.S, Patent Application No. 10/476,309 entitled “Method and Apparatus for
Efficient Application of Substrate Coating,” filed October 29, 2003; ULS. Patent No.
7,879,411, issued February 1, 201 1.
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Intemational Patent Application No. PCT/US2002/013639 entitled “Method
and Apparatus for Efficient Application of Substrate Coating,” filed April 30, 2002,

U8, Patent Application No. 10/296,728 entitied “Multfunctional Periodic
Cellolar Solids and the Method of Making Thereof,” filed Novernber 25, 2002; U.S.
Paterd No. §,247,333, issued August 21, 2012,

Intemational Patent Application No. PCT/USZG/ 017363 eatitled
“Multifunctional Periodic Cellular Solids and the Method of Making Thereof)” filed

May 28, 2001

Plasma Activated Deposition in a Vacuum,” filed November 21, 2002; US. Patent
No. 7,014,888, issued March 21, 2006,

Intermational Patent Apphication No. US01/16693 entitled “A Process and
Apparatus for Plasmea Activated Deposition In Vacuum,” filed May 23, 2001,

LR, Patent Application No, 10/246,018 entitled “Apparatus and Method for
Intra-layer Modulation of the Material Deposition and Assist Beam and the Multilayver
Structure Produced Therefrom,” filed September 18, 2002,

.S, Patent Application No. 09/634,437 entitled “Apparatus and Method for
fntra-Layver Moduolation of the Material Dieposition and Assist Beam and the
Multitaver Stroctore Produced Therefrom,” filed August 7, 2600,

Intemational Patent Apphication No. US9%/13458 entitled “Apparatus and
Method for Producing Thermal Barrier Coatings,™ filed June 15, 1999,

Intermnational Patent Application No. USS7/1 1185 entitled “Production of
Nanometer Particles By Dirceted Vapor Depasition of Electron Bearn Evaporant,”
filed July &, 1597,

.S, Patent Application No. 08/679,435 entitled “Production of Nanometer
Particies by Directed Vapor Depostiion of Flectron Beam Evaporant,”™ fited July 8,
1995; 1.8, Patent No. 5,736,073, issued Apnl 7, 1998,

LR, Patent Application No. 38/298,614 entitled “Directed Vapor Deposition
of Blectron Beam Evaporant,” filed Angust 31, 1994; U.S. Patent Mo, 5,334,314,
issued July 9, 1996,

U.S, Patent No. 7,357,062 B2, Joynt, V., “Mine Resistant Armored Vehicle™,

April 15, 2008,
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LLR. Patent No. 8,146,478 82, Jovnt, V,, et al, “Mine Resistant Armored
Yehicle”, April 3, 2012,
Entitled, “Vehicle with struetiral vent channels for blast energy and debris

dissipation,” Pablication No. US 2012/0193940 A |; Publication date Aug 2, 2012;

(%3}

Application No. US 13/066,243, filing date Apr 8, 201 1.

In summary, whule the present invention has been described with respect 1o
specific embodiments, many modifications, varigtions, alterations, substitutions, and
equivalents will be apparent to those skilled in the art. The present invention {5 not to

10 be limited i scope by the speeific embodiment described beretn. Indeed, various
modifications of the present nvention, in addition to those deseribed herein, will be
apparent to those of skill in the art from the toregeing deseription and accompanymg
drawings. Accordingly, the invention s to be considered as limited ondy by the spirit
and scope of the following clatms, including all modifications and equivalents.

15 Sl other embodiments will become readily apparent to those skilled in this
art fromm reading the above-rectied detailed description and drawings of certain
exemplary embodiments. H should be undersiood that numerous variations,
modifications, and additional embodiments are posaible, and accordingly, all such
variations, modiScations, and embodiments are 1o be regarded as being within the

20 spirit and scope of tins application. For example, regardless of the content of any
poriion (2.2, title, fleld, background, summary, absiract, drawing figure, ote.) of this
apphcation, uniess clearly specified to the contrary, there is no requirernent for the
nclusion in any claim bergin or of any apphication claimmng priority hereto of any
particular described or iflustrated activity or clement, any particular sequence of such

25 activities, or any particular interrelationship of such elements. Morsover, any activity
can be repeated, any activity can be performed by moltiple entities, and/or any
clement can be duplicated. Further, any activity or element can be excluded, the
sequence of activities can vary, and/or the mterrelationship of elements can vary.

Liniess clearly specified to the contrary, there 15 no regquirerment for any particular

(o]
&

described or Hustrated activity or element, any particular sequence or such activities,
any particular size, speed, material, dimension or frequeney, o any patticularly
interrelationship of such clements. Accordingly, the descuptions and drawings are to

be regarded as ilastrative in natore, and not ag restrictive. Moreover, when any
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anumber or range s described herein, anless clearly stated otherwise, that mumber or
vange is approximate. When any range is descenibed herein, unless clearly stated
otherwise, that range includes all values therein and all sub ranges therein. Any

mformation in any material {e.g., a United States/foreign patent, United States/foreign

(%3}

patent application, book, article, ete.} that has been incorporated by reference heretn,
15 only corporated by reference to the extent that no conflict exists between such
wformation and the other statements and drawings set forth herein. o the event of
such condlict, including a conflict that would render invalid any claim herein or
secking priority hereto, then any soch conflicting information in such incorporated by

10 reference nwterial is spectfically not incorporated by reference herenn,
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CLAIMS
We claim
L An tapuise mitigation system configured to mitigate blast impulse

directed to a surface, wherein said system comprises:

(%3}

a substrate in comununication with the surface, wherein said substrate
configured to teeeive an impulse directed to the surface and to refocate from the
surface Wi response o received impuolse.

2. The system of elaim |, wherein said conmunication includes the
10 substrate being slidably detachable with the surface.
3. The systern of clatm 1, wherein said surface i3 eonfigured as at least
two surfaces aligned to intersect one another at an angle equal to or less than 180
degrees.
15
4. The system of elaim 3, wherein said substrate is in conununication

with a first of said at least two surfaces.

S, The system of claum 4, wherein said subsirate is in communioation

20 with a second of said at least two surfaces.

6. The system of claim |, wherein said surface s configured as at least

two surfaces aligned to intersect one another at an angle equal to or less than 90

degrees.
25
7. The systern of clam 6, wherein said subsirate is it commuonication
with a first of said at least two surfaces.
§. The system of claim 7, wherein said subsirate 18 1n commnmication
30 with a second of said at least two surfaces.

Q. The systemn of claam 1, wherein said relocation of said substrate

o

includes sliding along the surface.

28
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10, The system of claim |, wherein said substrate comprises a material
mcluding one or more of any combination of the following materials: cormet,

ceranyie, or metal bonded ceramic.

11, The systemn of ¢laim 1, wherein said relocation of said substrate

inciudes breaking apart from the surface.

12, The system of claim 1, wherein said surface comprises a sandwich

panel.
13, The systew of claim 1, wherein said substrate conmprises a sandwich
panel.

14, The system of claim |, wherein the surface is configured as part of a
chassis to be used for a transportation vehicle, transportation container or

fransportation erafl.

15, The system of clatm 1, wherein the serface 1 configured as part of a
body to be used for a transportation velucle, transportation contatner or fransportation

craft.

16, The system of claim |, wheren the surface 3 configured as part of g
chassis and body to be vsed for a transportation vehicle, transporiation container or

transportation crafl

17, The systemn of ¢l |, wherein the surface is configured as part of a

nof-transportation struchure, system, or devics,

18 The systen of claim |, wherein the systern further comprises:
a chassis to a transportation vehicle, fransportaiion contatner of fransportation
oraft; and

wherein the surface iz configured as part of said chassia,
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19, The system of claim §, wherein the systemn further comprises:

a body 0 a transportation velucle, transporiation containegt or transportation

crvaft; and

wherein the surface is configured as part of said body.

28 The system of claim 1, wherein the systers further comprises:

a chassis and body to 8 {ransportation vehicle, fransportation container or

ransportation craft; and

wherein the surface i configured as part of said chassis and said body.

21 The system of claim 1, wherein the system further comprises:

# tranaportation vehicle, transportation contaiver or transportation oraft,

wherein said transportation vehicle, transportation confainer v transportation craft

COMPIISeS:

a chasais; and

o~

wherein the surface is configured as part of said chassis.

230 The system of clatm 1, wherein the system furthey comprises:

a tranaportation vehicle, transportation container or transportation orafy,

wherein said transportation vehicle, transportation container o transportation craft

COMPIises:

3 body; and
wherein the surface is configured as part of said body.
230 The system of clatm 1, wherein the system further comprises:

& transportation vehicle, transportation container o transporiation crafy,

wherein said transportation vehicle, transportation container of transportation craft

COMPIISes:

a chassis and body; and

wherein the surface s configured as part of said chassis and said body.

24, A method of maling an impulse mutigation system configured to

mitigate blast impuolse directed to a surface, wherein said method comprises:

31
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providing a substrate in compmunication with the surface;
configuning said subsirate for recetving an tvpulse directed to the surface; and
configuring said subsivate to relocate from the surface upon receipt of the

directed impulse.

(%3}

i
3
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FIG 1.
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