
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2008/0011153 A1 

US 20080011153A1 

MacDonald (43) Pub. Date: Jan. 17, 2008 

(54) MULTI-LAYER ARMOR HAVING LATERAL Publication Classification 
SHOCK TRANSFER (51) Int. Cl. 

F4H 5/02 (2006.01) 75) I tOr: Stuart G. MacDonald 
(75) Inventor Ei types s (52) U.S. Cl. ...................... 89/36.02; 89/36.01: 89/36.05 

(57) ABSTRACT 
Correspondence Address: - 0 
BASCH & NICKERSON LLP Armor includes a projectile impermeable material layer and 
1777 PENFELD ROAD a shock stiffening layer. The shock stiffening layer has 
PENFELD, NY 14526 opposing shock stiffening Sublayers wherein each shock 

9 stiffening Sublayer has a plurality of shock stiffening Sub 
(73) Assignee: Biomed Solutions, LLC. West layer elements. The plurality of shock stiffening sublayer 

gnee. Henrietta, NY S. s elements of opposed shock stiffening Sublayers are inter 
enr1ella, (US) digitated. The armor includes a foam layer wherein the 

shock stiffening layer is positioned between the foam layer 
(21) Appl. No.: 11/255,809 and the projectile impermeable material layer. The plurality 

1-1. of shock stiffening Sublayer elements of opposed shock 
(22) Filed: Oct. 21, 2005 stiffening Sublayers may momentarily or permanently fuse 

O O in response to a projectile’s impact. The shock stiffening 
Related U.S. Application Data layer spreads the energy laterally, thereby effectively miti 

(60) Provisional application No. 60/621,950, filed on Oct. gating the transfer of kinetic energy from a ballistic projec 
25, 2004. tile directly to a region to be protected. 

300 

300 

  



Patent Application Publication Jan. 17, 2008 Sheet 1 of 7 US 2008/0011153 A1 

20 

30 

u 

PS 
30 

FIG. I. 
PRIOR ART 

300 
  





Patent Application Publication Jan. 17, 2008 Sheet 3 of 7 US 2008/0011153 A1 

153 

53 

15 

  











US 2008/001 1153 A1 

MULTI-LAYER ARMOR HAVING LATERAL 
SHOCK TRANSFER 

PRIORITY INFORMATION 

0001. This application claims priority under 35 U.S.C. 
S119(e) from U.S. Provisional Patent Application, Ser. No. 
60/621,950, filed on Oct. 25, 2004. The entire content of 
U.S. Provisional Patent Application, Ser. No. 60/621,950 is 
hereby incorporated by reference. 

FIELD OF THE PRESENT INVENTION 

0002 The present invention is directed to armor designed 
to protect a living being, vehicle, or equipment from injury 
or damage from impact of a ballistic projectile. More 
particularly, the present invention is directed to armor 
designed to protect a living being, vehicle, or equipment 
from injury or damage from impact of a ballistic projectile 
by reducing the speed and energy of the shock wave that 
results from projectile impact and/or spreading the area of 
kinetic energy received from the projectile to a much larger 
body area. 

BACKGROUND OF THE PRESENT 
INVENTION 

0003 Modern body armor uses KevlarTM and other 
advanced fiber materials to provide light weight and rela 
tively effective capability to stop ballistic projectiles, such as 
slower large-mass projectiles, shrapnel from explosive 
devices, and/or lower-mass high-velocity projectiles. How 
ever, conventional body armor, while capable of stopping a 
ballistic projectile, does little or nothing to stop, reduce, 
and/or mitigate the transfer of kinetic energy from the 
ballistic projectile to the tissue which it is intended to 
protect. In other words, a ballistic projectile can cause blunt 
trauma to underlying tissues, resulting in injury or death. 
0004 As noted above, the ballistic projectile may be a 
slower large-mass projectile, shrapnel from an explosive 
device, and/or a lower-mass high-velocity projectile. As 
Such, a ballistic projectile may have differing momentum 
and energy that the body armor needs to stop, reduce, and/or 
mitigate from transferring to the tissue which it is intended 
to protect. 
0005 Moreover, the extent of the injury from blunt 
trauma has an impact upon the recovery time therefrom. 
More specifically, the time needed for the individual to 
recover from the impact so that the individual can effectively 
respond defensively or offensively may contribute to the 
survival and success of the individual or other individuals 
belonging to the individual’s team. 
0006. Therefore, it is desirable to provide a body armor 
design that can effectively stop, reduce, and/or mitigate the 
transfer of kinetic energy from a ballistic projectile to the 
tissue which it is intended to protect. Moreover, it is desir 
able to provide a body armor design that can effectively stop, 
reduce, and/or mitigate differing amounts of kinetic energy 
being transferred from a ballistic projectile to the tissue 
which it is intended to protect. Furthermore, it is desirable to 
provide a body armor design that can effectively reduce the 
time needed for an individual to recover from the impact so 
that the individual can effectively respond defensively or 
offensively. 
0007 Also, it is desirable to provide a body armor design 
that can reduce the speed and energy of the shock wave that 
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results from projectile impact. Lastly, it is desirable to 
provide a body armor design that can spread the area of 
kinetic energy received from the projectile to a much larger 
body area. 

SUMMARY OF THE PRESENT INVENTION 

0008 A first aspect of the present invention is a vesture. 
The vesture includes a projectile impermeable material layer 
and an energy transfer layer positioned between the projec 
tile impermeable material layer and a region of tissue to be 
protected. The energy transfer layer spreads kinetic energy 
from a projectile impacting the projectile impermeable 
material layer Substantially parallel to the region of tissue to 
be protected. 
0009. A second aspect of the present invention is a 
vesture. The vesture includes a projectile impermeable 
material layer; a shock stiffening layer having opposed 
shock Stiffening Sublayers, each shock stiffening Sublayer 
having a plurality of shock stiffening Sublayer elements, the 
plurality of shock stiffening Sublayer elements of opposed 
shock stiffening Sublayers being interdigitated; and a foam 
layer. The shock stiffening layer is positioned between the 
foam layer and the projectile impermeable material layer. 
0010. Another aspect of the present invention is armor. 
The armor includes a projectile impermeable material layer; 
a shock stiffening layer having opposed shock stiffening 
Sublayers, each shock stiffening Sublayer having a plurality 
of shock stiffening sublayer elements, the plurality of shock 
stiffening Sublayer elements of opposed shock stiffening 
Sublayers being interdigitated; and a foam layer. The shock 
stiffening layer is positioned between the foam layer and the 
projectile impermeable material layer. 
0011. Another aspect of the present invention is armor. 
The armor includes a projectile impermeable material layer 
and an energy transfer layer positioned between the projec 
tile impermeable material layer and a region to be protected. 
The energy transfer layer spreads kinetic energy from a 
projectile impacting the projectile impermeable material 
layer substantially parallel to the region to be protected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The present invention may take form in various 
components and arrangements of components, and in vari 
ous steps and arrangements of steps. The drawings are only 
for purposes of illustrating a preferred embodiment and are 
not to be construed as limiting the present invention, 
wherein: 

0013 FIG. 1 illustrates an embodiment of conventional 
body armor; 
0014 FIG. 2 illustrates an embodiment of body armor 
according to the concepts of the present invention; 
(0015 FIG. 3 illustrates an embodiment of body armor 
according to the concepts of the present invention; 
0016 FIG. 4 illustrates an embodiment of a shock stiff 
ening layer for body armor according to the concepts of the 
present invention; 
0017 FIG. 5 illustrates another embodiment of a shock 
stiffening layer for body armor according to the concepts of 
the present invention; 
0018 FIG. 6 illustrates another embodiment of a shock 
stiffening layer for body armor according to the concepts of 
the present invention; 
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0019 FIG. 7 illustrates a pre-impact shock stiffening 
layer for body armor according to the concepts of the present 
invention; 
0020 FIG. 8 illustrates a momentarily fused shock stiff 
ening layer for body armor according to the concepts of the 
present invention; and 
0021 FIG. 9 illustrates a fused shock stiffening layer for 
body armor according to the concepts of the present inven 
tion. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0022. The present invention will be described in connec 
tion with preferred embodiments; however, it will be under 
stood that there is no intent to limit the present invention to 
the embodiments described herein. On the contrary, the 
intent is to cover all alternatives, modifications, and equiva 
lents as may be included within the spirit and scope of the 
present invention as defined by the appended claims. 
0023 For a general understanding of the present inven 

tion, reference is made to the drawings. In the drawings, like 
reference have been used throughout to designate identical 
or equivalent elements. It is also noted that the various 
drawings illustrating the present invention are not drawn to 
scale and that certain regions have been purposely drawn 
disproportionately so that the features and concepts of the 
present invention could be properly illustrated. 
0024 FIG. 1 illustrates an embodiment of conventional 
body armor. The conventional body armor includes a layer 
20 of a projectile impermeable material, such as KelvarTM. 
When a projectile 10 encounters the projectile impermeable 
material layer 20, the projectile 10 transfers its kinetic 
energy to the projectile impermeable material layer 20. This 
transfer of kinetic energy is further transferred to the under 
lying tissue in the form of shock waves 30. 
0025. As noted above, the transfer of kinetic energy to the 
underlying tissue can cause damage to the tissue, resulting 
in injury or death. More specifically, if a projectile hits near 
the heart, the impact may cause death because relatively 
minor blunt trauma in that area of the chest, even at levels 
that do not result in visibly damaged Surface tissue, can 
result in a spontaneous cardiac death. Moreover, as noted 
above, the transfer of kinetic energy to the underlying tissue 
can effect the time needed for an individual to recover from 
the impact so that the individual can effectively respond 
defensively or offensively. 
0026 FIG. 2 illustrates an embodiment of body armor 
which effectively spread the kinetic energy laterally so that 
the underlying tissues Sustain far lower damage. As illus 
trated in FIG. 2, the body armor includes a layer 20 of a 
projectile impermeable material, such as KelvarTM. and an 
energy transfer layer 100, positioned between the projectile 
impermeable material layer 20 and the underlying tissue. 
When a projectile 10 encounters the projectile impermeable 
material layer 20, the projectile 10 transfers its kinetic 
energy to the projectile impermeable material layer 20. 
0027. Thereafter, the projectile impermeable material 
layer 20 transfers its kinetic energy to the energy transfer 
layer 100. The energy transfer layer 100, as will be 
explained in more detail below, spreads the energy laterally, 
the transfer of kinetic energy is transferred to the underlying 
tissue in the form of shock waves 300. These shock waves 
300 contain less energy because the initial amount of kinetic 
energy has been spread, by the energy transfer layer 100, 
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over a greater area than the area of initial impact. In other 
words, the energy transfer layer 100 effectively stops, 
reduces, and/or mitigates the transfer of kinetic energy from 
a ballistic projectile directly to the tissue so as to prevent, 
reduce, and/or mitigate damage to the underlying tissue and 
to enable the individual to recover more quickly. 
0028 FIG. 3 illustrates an embodiment of body armor 
which effectively spread the kinetic energy laterally so that 
the underlying tissues Sustain far lower damage. As illus 
trated in FIG. 3, the body armor includes a layer 20 of a 
projectile impermeable material, such as KelvarTM. and an 
energy transfer layer 100, positioned between the projectile 
impermeable material layer 20 and the underlying tissue. 
The energy transfer layer 100 includes a shock stiffening 
layer 150 and a first high density foam layer 175, the first 
high density foam layer 175 being positioned between the 
shock stiffening layer 150 and the tissue. Optionally, a 
second high density foam layer 125 can be positioned 
between the projectile impermeable material layer 20 and 
the shock stiffening layer 150. 
0029 When a projectile 10 encounters the projectile 
impermeable material layer 20, the projectile 10 transfers its 
kinetic energy to the projectile impermeable material layer 
20. Thereafter, the projectile impermeable material layer 20 
transfers its kinetic energy to the energy transfer layer 100. 
The energy transfer layer 100 spreads the energy laterally 
3000, the transfer of kinetic energy is transferred to the 
underlying tissue in the form of shock waves 4000. These 
shock waves 4000 contain less energy because the initial 
amount of kinetic energy has been spread (3000), by the 
energy transfer layer 100, over a greater area than the area 
of initial impact. In other words, the energy transfer layer 
100 effectively stops, reduces, and/or mitigates the transfer 
of kinetic energy from a ballistic projectile directly to the 
tissue so as to prevent, reduce, and/or mitigate damage to the 
underlying tissue and to enable the individual to recover 
more quickly. 
0030 Referring again to FIG. 2, when the projectile 10 
impacts the projectile impermeable material layer 20, pro 
jectile impermeable material layer 20 prevents projectile 
penetration, as in conventional body armor designs. How 
ever, as the projectile impermeable material layer 20 dis 
torts, the resulting shock wave that would otherwise create 
tissue damage hits the pre-impact state flexible energy 
transfer layer 100. 
0031. In one embodiment, the resulting shock wave hits 
the pre-impact state flexible shock stiffening layer 150. 
0032. Optionally, if the embodiment includes second 
high density foam layer 125, the second high density foam 
layer 125 between the projectile impermeable material layer 
20 and the shock stiffening layer 150 provides additional 
distance and time for projectile capture. Moreover, the 
second high density foam layer 125 can prevent penetration 
through the shock stiffening layer 150 because a projectile 
impermeable material layer backed up by a rigid layer could 
itself be penetrated in much the same way a punch press 
creates a hole in a metal plate. 
0033. The shock stiffening layer 150 is designed to 
become momentarily highly rigid, thereby spreading the 
area of effective tissue contact by as much as 100 times or 
more and effectively dissipating the energy in a non-lethal 
a. 

0034. The shock stiffening layer 150 may have a con 
struction as illustrated in FIGS. 4-6. More specifically, as 
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illustrated in FIG. 4, the shock stiffening layer 150 includes 
two opposed shock stiffening sublayers 151 and 153. Each 
shock stiffening Sublayer includes a plurality of shock 
stiffening sublayer elements 155. The shock stiffening sub 
layer elements 155 of shock stiffening sublayer 151 are 
interdigitated with the shock stiffening sublayer elements 
155 of shock stiffening sublayer 153. 
0035. As illustrated in FIG. 5, the plurality of shock 
stiffening sublayer elements 155 may be straight-sided 
tapered interdigitated elements 157. On the other hand, as 
illustrated in FIG. 6, the plurality of shock stiffening sub 
layer elements 155 may be slightly convex interdigitated 
elements 159. 
0036. As noted above, the stiffness state of shock stiff 
ening layer 150 is partial flexibility or conformability during 
manufacture, assembly, and/or general use. More specifi 
cally, as illustrated in FIG. 7, the plurality of shock stiffening 
sublayer elements 155 of the shock stiffening sublayer 153 
and the plurality of shock stiffening sublayer elements 155 
of the shock stiffening sublayer 151 are spaced with a gap S. 
The plurality of shock stiffening sublayer elements 155 of 
the shock stiffening sublayer 153 and the plurality of shock 
stiffening sublayer elements 155 of the shock stiffening 
sublayer 151 have a width dimension of D. Thus, in a state 
of pre-impact, the total width of the shock stiffening layer 
150, illustrated in FIG. 7, is 4(D)+3(S). 
0037. However, under the instantaneous influence of a 
shock wave, transfer of kinetic energy, created by projectile 
impact, the plurality of shock stiffening Sublayer elements 
155 of the shock stiffening sublayer 153 may become a 
momentarily fused with the plurality of shock stiffening 
sublayer elements 155 of the shock stiffening sublayer 151, 
as illustrated in FIG. 8. Assuming that the plurality of shock 
stiffening sublayer elements 155 of the shock stiffening 
sublayer 153 and the plurality of shock stiffening sublayer 
elements 155 of the shock stiffening sublayer 151 have a 
width dimension of D, the total width of the shock stiffening 
layer 150 at the time of impact, as illustrated in FIG. 8, is 
4(D). 
0038 Moreover, under the instantaneous influence of a 
shock wave, transfer of kinetic energy, created by projectile 
impact, the plurality of shock stiffening Sublayer elements 
1530 of the shock stiffening sublayer 153 may become a 
permanently fused with the plurality of shock stiffening 
sublayer elements 1510 of the shock stiffening sublayer 151, 
as illustrated in FIG. 9. Assuming that the plurality of shock 
stiffening sublayer elements 155 of the shock stiffening 
sublayer 153 and the plurality of shock stiffening sublayer 
elements 155 of the shock stiffening sublayer 151 have a 
width dimension of D, the total width of the shock stiffening 
layer 150 at the time of impact, as illustrated in FIG. 9, is 
less than 4(D). 
0039. In the case of momentary fusing, as illustrated in 
FIG. 8, the shock stiffening sublayer elements 155 of the 
shock stiffening layer 150 become fused because the time 
involved in kinetic wave propagation is short. Moreover, the 
shock stiffening sublayer interdigitated elements 155 are 
compressed laterally before the shock stiffening sublayer 
elements’ elastic response dictated by bulk elastic modulus 
permits the shock stiffening Sublayer elements to react 
physically. The momentary (and highly increased) rigidity 
and inertia of the shock stiffening layer 150 serve to both 
reduce the speed and amplitude of the shock wave and 
spread the shock wave over a much larger body area. 
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0040. For relatively lower projectile energy levels, the 
shock stiffening sublayer interdigitated elements 155 of the 
shock stiffening layer 150 may return to a pre-impact state 
or shape of flexibility. However, for higher kinetic energy 
levels, the surface interaction between the shock stiffening 
sublayer elements 155 of the shock stiffening layer 150 may 
cause the shock stiffening Sublayer interdigitated elements 
155 of the shock stiffening layer 150 to thermally bond or 
“weld together, as illustrated in FIG. 9. 
0041. Notwithstanding the state of fusion, the shock 
stiffening sublayer interdigitated elements 155 of the shock 
stiffening layer 150 effectively stop, reduce, and/or mitigate 
the transfer of kinetic energy from a ballistic projectile 
directly to the tissue. 
0042. As noted above, FIG. 4 illustrates two opposed 
shock stiffening sublayers 151 and 153 of the shock stiff 
ening layer 150 spread apart prior to assembly. FIG. 5 
illustrates the two opposed shock stiffening sublayers 151 
and 153 assembled as a complete shock stiffening layer 150, 
wherein the plurality of shock stiffening sublayer interdigi 
tated elements 155 are straight-sided tapered interdigitated 
elements 157. FIG. 6 illustrates the two opposed shock 
stiffening sublayers 151 and 153 assembled as a complete 
shock stiffening layer 150, wherein the plurality of shock 
stiffening sublayer interdigitated elements 155 are slightly 
convex interdigitated elements 159. 
0043. In FIGS. 4 and 5, the thickness of the planar 
backing portion of the shock stiffening sublayer 151 is 
depicted by t and the total thickness of the two interleaved 
shock stiffening sublayers 151 and 153, in combination, is 
depicted by T. In one embodiment, the thickness conversion 
factor, TCF-T/t, proportional to the cube root of the ratio of 
the moduli of the shock stiffening layer in the two states 
(pre-impact FIG. 4 & impact FIGS. 5 and 6), may be as 
small as 5 or less. In another embodiment, the thickness 
conversion factor, TCF-T/t, may be as large as 20 or more. 
The thickness conversion factor, TCF-T/t, should be opti 
mized as a function of the tensile strength, bulk modulus, 
and other characteristics of the material chosen to create the 
shock stiffening sublayers 151 and 153. 
0044 As noted above, the bending resistance of a beam 
or plate is a cubic function of the beams or plates thickness. 
With respect to the shock stiffening layer, propagation of a 
kinetic shockwave depends on the shock stiffening layer 
either flexing inward, or displacing inward, or both. 
0045. It is further noted that instant conversion from 
partially flexible to highly rigid will cause a displacement 
rather than flexing on the part of the shock stiffening layer. 
0046. It is well known that under the application of shear 
forces at high speed, metals and other materials undergo 
brittle failure. Specifically, in a manufacturing environment, 
the forces resulting from a punch and die applying shear 
force rapidly and transversely to the surface of a metal sheet 
cause partial deformation of the metal through a small 
fraction of its thickness, followed by brittle failure through 
the remaining majority of its thickness. This is often referred 
to as the “punch press' effect and is exhibited by a wide 
range of materials. The punch press effect may also result 
from application of forces by a projectile against a metal 
plate, even with no corresponding die, because the 
extremely high speed and focused forces result in the parent 
material of the plate acting as its own die. High Velocity 
ballistic impact of military ammunition can create a “punch 
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press' hole in a metal sheet having a thickness correspond 
ing to the diameter of the projectile, or even thicker. 
0047. The combination of a projectile impermeable mate 

rial layer, high density foam layers, and transitionally flex 
ible shock stiffening layer serves to prevent such a brittle 
failure mechanism. The shock stiffening layer resists 
penetration in a manner that is Superior to a solid layer of 
identical material and thickness because as the shock stiff 
ening layer interacts with the impact energy of the projectile, 
the stiffness of the shock stiffening layer increases, thus 
allowing the energy to be spread laterally. 
0048 For example, when the thickness conversion factor, 
TCF-T/t, is 5.0, the ratio of shock stiffening layer's stiffness 
(during shock wave propagation through the shock stiffening 
layer) to the shock stiffening layer's stiffness immediately 
beforehand is T/2(t), which in this case is (5t)/2t, or -62. 
For a thickness conversion factor, TCF=T/t, of 20, the ratio 
of shock stiffening layer's stiffness (during shock wave 
propagation through the shock stiffening layer) to the shock 
stiffening layer's stiffness immediately beforehand is (20t) 
/2t, or 4000. 
0049. Thus, the shock stiffening layer can transition from 
a relatively flexible backing plate to a totally rigid plate at an 
extremely high speed. The speed of transition is fast enough 
to cause reduction and spreading of the shock wave, but 
slow enough to prevent the “punch press’ effect. 
0050. As part of the transition from a relatively flexible 
backing plate to a totally rigid plate, the shock stiffening 
sublayer interdigitated elements 155 of interior shock stiff 
ening sublayer 151 and exterior shock stiffening sublayer 
153 generate significant heat as the shock stiffening sublayer 
interdigitated elements 155 slide together. Thus, upon suf 
ficient impact, the shock stiffening Sublayer interdigitated 
elements 155 will weld together in the area immediately 
around the projectile’s impact. 
0051. The heat for the fusing of the shock stiffening 
sublayer interdigitated elements 155 dissipates a substantial 
portion of the energy associated with the projectile impact. 
0052. The first high density foam layer 175 beneath the 
shock stiffening layer 150 serves to provide room for a 
modest degree of deformation (flexing and displacement) of 
the shock stiffening layer 150 prior to tissue contact. In other 
words, the first high density foam layer 175 provides enough 
time for the shock stiffening layer 150 to (a) absorb a 
significant portion of the kinetic energy and convert it to 
heat, (b) slow the speed of the pressure wave impinging on 
underlying tissue, and (c) spread the effective area of tissue 
impact to an area as much as 100 times larger that for body 
armor constructed of a projectile impermeable material layer 
alone. 
0053. Materials such as titanium and other high strength 
metals are appropriate for use as the shock stiffening layer, 
but other materials including ceramics or composites are 
also appropriate; specific dimensions of the shock stiffening 
layer should be optimized to match the materials properties. 
0054. It is noted that the shock stiffening layer and foam 
layers may be utilized over the entire area of the body armor 
or may be restricted to critical areas (e.g. over the heart) that 
are especially sensitive to blunt trauma. 
0055. It is further noted that the shock stiffening layer 
concept may be applied to different forms of armor, such as 
vehicle armor. 
0056 While various examples and embodiments of the 
present invention have been shown and described, it will be 
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appreciated by those skilled in the art that the spirit and 
Scope of the present invention are not limited to the specific 
description and drawings herein, but extend to various 
modifications and changes. 
What is claimed is: 
1. A vesture comprising: 
a projectile impermeable material layer; and 
an energy transfer layer positioned between said projectile 

impermeable material layer and a region of tissue to be 
protected; 

said energy transfer layer spreading kinetic energy from a 
projectile impacting said projectile impermeable mate 
rial layer substantially parallel to the region of tissue to 
be protected. 

2. The Vesture as claimed in claim 1, wherein said energy 
transfer layer is comprised of titanium. 

3. The Vesture as claimed in claim 1, wherein said energy 
transfer layer has a thickness conversion factor of about 5. 

4. The Vesture as claimed in claim 1, wherein said energy 
transfer layer has a thickness conversion factor of about 20. 

5. A vesture comprising: 
a projectile impermeable material layer; 
a shock stiffening layer having opposed shock stiffening 

Sublayers, each shock stiffening Sublayer having a 
plurality of shock stiffening Sublayer elements, said 
plurality of shock stiffening sublayer elements of 
opposed shock stiffening Sublayers being interdigi 
tated; and 

a foam layer; 
said shock stiffening layer being positioned between said 
foam layer and said projectile impermeable material 
layer. 

6. The vesture as claimed in claim 5, wherein said 
plurality of shock stiffening Sublayer elements are tapered 
with straight sides. 

7. The vesture as claimed in claim 5, wherein said 
plurality of shock stiffening Sublayer elements are substan 
tially convex shaped. 

8. The vesture as claimed in claim 5, wherein said shock 
stiffening layer is comprised of titanium. 

9. The vesture as claimed in claim 5, wherein said 
plurality of shock stiffening Sublayer elements of opposed 
shock stiffening Sublayers momentarily fuse in response to 
a projectile impact with said projectile impermeable material 
layer. 

10. The vesture as claimed in claim 5, wherein said 
plurality of shock stiffening Sublayer elements of opposed 
shock stiffening Sublayers permanently fuse in response to a 
projectile impacting said projectile impermeable material 
layer. 

11. The vesture as claimed in claim 5, further comprising 
a projectile impermeable material foam layer located 
between said projectile impermeable material layer and said 
shock stiffening layer. 

12. The vesture as claimed in claim 5, wherein said shock 
stiffening layer is relatively flexible before a projectile 
impacts said projectile impermeable material layer and 
becomes relatively rigid in response to a projectile impact 
ing said projectile impermeable material layer. 

13. The vesture as claimed in claim 5, wherein said shock 
stiffening layer absorbs a portion of the kinetic energy from 
a projectile impacting said projectile impermeable material 
layer. 
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14. The vesture as claimed in claim 5, wherein said shock 
stiffening layer converts a portion of the kinetic energy from 
a projectile impacting said projectile impermeable material 
layer to heat. 

15. The vesture as claimed in claim 13, wherein said 
shock stiffening layer converts a portion of the kinetic 
energy from a projectile impacting said projectile imperme 
able material layer to heat. 

16. The vesture as claimed in claim 5, wherein said shock 
stiffening layer slows a speed of a pressure wave, created by 
a projectile impacting said projectile impermeable material 
layer, impinging on underlying tissue. 

17. Armor comprising: 
a projectile impermeable material layer, and 
an energy transfer layer positioned between said projectile 

impermeable material layer and a region to be pro 
tected; 

said energy transfer layer spreading kinetic energy from a 
projectile impacting said projectile impermeable mate 
rial layer substantially parallel to the region to be 
protected. 

18. The armor as claimed in claim 17, wherein said energy 
transfer layer is comprised of titanium. 

19. The armor as claimed in claim 17, wherein said energy 
transfer layer has a thickness conversion factor of about 5. 

20. The armor as claimed in claim 17, wherein said energy 
transfer layer has a thickness conversion factor of about 20. 

21. The armor as claimed in claim 17, wherein said region 
to be protected is a region of a vehicle. 

22. The armor as claimed in claim 17, wherein said region 
to be protected is equipment. 

23. Armor comprising: 
a projectile impermeable material layer, 
a shock stiffening layer having opposed shock stiffening 

Sublayers, each shock stiffening Sublayer having a 
plurality of shock stiffening Sublayer elements, said 
plurality of shock stiffening sublayer elements of 
opposed shock stiffening Sublayers being interdigi 
tated; and 

a foam layer; 
said shock stiffening layer being positioned between said 
foam layer and said projectile impermeable material 
layer. 

24. The armor as claimed in claim 23, wherein said 
plurality of shock stiffening Sublayer elements are tapered 
with straight sides. 
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25. The armor as claimed in claim 23, wherein said 
plurality of shock stiffening Sublayer elements are substan 
tially convex shaped. 

26. The armor as claimed in claim 23, wherein said shock 
stiffening layer is comprised of titanium. 

27. The armor as claimed in claim 23, wherein said 
plurality of shock stiffening Sublayer elements of opposed 
shock stiffening Sublayers momentarily fuse in response to 
a projectile impact with said projectile impermeable material 
layer. 

28. The armor as claimed in claim 23, wherein said 
plurality of shock stiffening Sublayer elements of opposed 
shock stiffening Sublayers permanently fuse in response to a 
projectile impacting said projectile impermeable material 
layer. 

29. The armor as claimed in claim 23, further comprising 
a projectile impermeable material foam layer located 
between said projectile impermeable material layer and said 
shock stiffening layer. 

30. The armor as claimed in claim 23, wherein said shock 
stiffening layer is relatively flexible before a projectile 
impacts said projectile impermeable material layer and 
becomes relatively rigid in response to a projectile impact 
ing said projectile impermeable material layer. 

31. The armor as claimed in claim 23, wherein said shock 
stiffening layer absorbs a portion of the kinetic energy from 
a projectile impacting said projectile impermeable material 
layer. 

32. The armor as claimed in claim 23, wherein said shock 
stiffening layer converts a portion of the kinetic energy from 
a projectile impacting said projectile impermeable material 
layer to heat. 

33. The armor as claimed in claim 31, wherein said shock 
stiffening layer converts a portion of the kinetic energy from 
a projectile impacting said projectile impermeable material 
layer to heat. 

34. The armor as claimed in claim 23, wherein said shock 
stiffening layer slows a speed of a pressure wave, created by 
a projectile impacting said projectile impermeable material 
layer, impinging on an underlying region to be protected. 

35. The armor as claimed in claim 34, wherein said 
underlying region to be protected is a region of a vehicle. 

36. The armor as claimed in claim 34, wherein said 
underlying region to be protected is equipment. 
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