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(57) ABSTRACT 

A composite ballistic material has one or more layers of 
?exible ballistic fabric and a plurality of scales disposed in 
an overlapping con?guration. Scale con?gurations may vary 
depending on an intended use. However, the scales may 
have a substantially uniform thickness and may also have a 
mounting portion and an overlapping portion. The mounting 
portions may be aligned in a single layer. The overlapping 
portions may extend Wider than the mounting portions. The 
overlapping portions may also be substantially non-planar. 
The overlapping portions may be arranged so that the 
overlapping portion of individual scales lies under or over 
the overlapping portion of adjacent scales. Scales may be 
initially joined With a binder in roWs and subsequently 
joined to a ?exible fabric to create the overlap in a direction 
substantially perpendicular to the roWs. 
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COMPOSITE SEGMENTED FLEXIBLE ARMOR 

BACKGROUND 

[0001] Personal body armor is Worn by individuals to 
protect themselves from high velocity projectiles such as 
bullets and shrapnel. Clearly, the ultimate objective for 
armor and the materials from Which the armor is comprised 
is to limit bodily harm that can be caused by such ballistic 
threats. An unfortunate reality of military arenas is that 
threatening conditions are pervasive. For that matter, threat 
scenarios are even omnipresent in civilian contexts. As a 
consequence, personal body armor may be Worn for 
extended periods of time. Therefore, a subsidiary objective 
for personal body armor is that the armor be as light and 
comfortable as possible. 

[0002] Another consideration pertains to ?exibility of the 
armor. Certain conventional solutions use substantial metal 
and ceramic plates to provide ballistic protection. The hard 
ness of these materials o?fers adequate protection but their 
hardness also contributes to a large and heavy solution. Even 
Where smaller plates are used, the rigidity of the plates 
hinders overall ?exibility. Other conventional solutions use 
a plurality of layers of high performance ?ber material such 
as Kevlar® from DuPont and K-Flex®/T-FlexTM. Unfortu 
nately, protection from high-speed projectiles requires a 
commensurate increase in the number of layers of the 
ballistic fabric needed to provide protection. Additional 
layers, ?exible though they may be, increase Weight and 
decrease ?exibility. 

[0003] To increase ?exibility, other conventional solutions 
use tiled con?gurations that permit relative motion betWeen 
tiles. Some of these solutions have gaps betWeen tiles that 
are vulnerable to ballistic penetration. Other solutions use an 
overlapping tile con?guration but do not provide su?icient 
overlap to account for body ?exure and inter-tile exposure 
that may occur if the Wearer is in a reaching or bent position. 
Vulnerability betWeen tiles may also be a legitimate problem 
Where protection in close range or hand-to-hand combat is a 
concern. 

[0004] The National Institute of Justice (NIJ) has devel 
oped a set of performance requirements in NI] Standard 
0101.04 establishing a minimum level of ballistic protection 
against different types of bullets. This standard recogniZes 
the contradicting objectives discussed above. “Body armor 
selection is to some extent a tradeolf betWeen ballistic 
protection and Wearability. The Weight and bulk of body 
armor are inversely proportional to the level of ballistic 
protection it provides; therefore, comfort decreases as the 
protection level increases.” Ballistic Resistance of Personal 
Body Armor, Revision A, NIJ Standard 0101.04, June 2001 
at page 44. This statement re?ects a necessary and com 
monly recogniZed compromise associated With conventional 
body armor. Accordingly, existing solutions may not provide 
an optimal solution that balances protection, comfort, and 
?exibility. 

SUMMARY 

[0005] Embodiments of the present invention are directed 
to a composite ballistic material that uses one or more layers 
of ?exible ballistic fabric in conjunction With a plurality of 
scales disposed in an overlapping con?guration. Scale con 
?gurations may vary depending on an intended use. In 
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general, the scales may have a substantially uniform thick 
ness. Furthermore, the scales may also have a mounting 
portion and an overlapping portion. The mounting portions 
may be aligned in a single layer. For example, the scales may 
be initially joined to a binder in roWs and subsequently 
joined to a ?exible fabric to create overlap in a direction 
substantially perpendicular to the roWs. 

[0006] The overlapping portions of the scales may have 
different con?gurations. For example, in some embodi 
ments, the overlapping portions may extend Wider than the 
mounting portions. In certain embodiments, the overlapping 
portions may also be substantially non-planar. The overlap 
ping portions may be arranged so that the overlapping 
portion of individual scales lies under or over the overlap 
ping portion of adjacent scales. Some scales have curved 
con?gurations that may be particularly suitable to curved 
portions of a body armor device. Some scales may have 
overlapping portions disposed on one side of a mounting 
portion While others have overlapping portions disposed on 
opposing sides of a mounting portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a body armor vest incorporating overlap 
ping scales according to one embodiment of the present 
invention; 
[0008] FIGS. 2A and 2B are partial section vieWs shoWing 
a layer of overlapping scales disposed over layers of ballistic 
fabric according to one embodiment of the present inven 
tion; 
[0009] FIG. 3 is a schematic diagram illustrating an exem 
plary scale according to one embodiment of the present 
invention; 
[0010] FIGS. 4A and 4B are cross section vieWs of the 
overlapping portion of the scale of FIG. 3 according to 
different embodiments of the present invention; 

[0011] FIG. 5 is a schematic diagram shoWing an exem 
plary scale overlap con?guration according to one embodi 
ment of the present invention; 

[0012] FIG. 6 is a schematic diagram illustrating one 
technique for joining roWs of scales according to one 
embodiment of the present invention; 

[0013] FIG. 7 is a body armor vest incorporating overlap 
ping scales according to one embodiment of the present 
invention; 
[0014] FIGS. 8A and 8B are perspective vieWs illustrating 
exemplary scales according to different embodiments of the 
present invention; 

[0015] FIGS. 9A and 9B are frontal vieWs illustrating 
exemplary scales according to different embodiments of the 
present invention; 

[0016] FIG. 10 is a side vieW illustrating an exemplary 
scale according to one embodiment of the present invention; 

[0017] FIGS. 11A and 11B are side vieWs illustrating 
overlapping scales according to one embodiment of the 
present invention; 

[0018] FIGS. 12A, 12B, and 12C are frontal vieWs illus 
trating exemplary scales according to different embodiments 
of the present invention; 
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[0019] FIG. 13 is a frontal vieW illustrating overlapping 
scales according to one embodiment of the present inven 
tion; 
[0020] FIG. 14 is a perspective vieW illustrating an exem 
plary scale according to one embodiment of the present 
invention; and 

[0021] FIGS. 15A and 15B are side vieWs illustrating 
overlapping scales according to different embodiments of 
the present invention. 

DETAILED DESCRIPTION 

[0022] The various embodiments disclosed herein are 
directed to a material composition for use in body armor. 
Di?ferent con?gurations implement scales that are joined to 
a ?exible fabric to create a composite structure. The com 
posite structure may be used in protective body armor such 
as that generally shoWn in FIG. 1. FIG. 1 shoWs an exem 
plary vest 10 that uses one embodiment of a composite, 
?exible structure 100 contained therein. The vest 10 shoWn 
in FIG. 1 may have an outer, Wear-resistant layer (not 
speci?cally shoWn) encapsulating the composite structure 
100. The vest 10 represents one exemplary application of the 
embodiments disclosed herein. The composite structure 100 
and the additional embodiments disclosed beloW may be 
used in other types of body armor, including those o?fering 
limb protection, neck protection, and groin protection. 
Accordingly, FIG. 1 is not intended to be limiting. 

[0023] The illustrated vest 10 includes a neck aperture 12 
and a pair of arm apertures 14 and generally provides 
coverage for a human torso. The composite structure 100 
may cover some (as shoWn) or the entire vest 10. In one 
embodiment, the composite structure 100 comprises a plu 
rality of individual scales 16 that are disposed in an over 
lapping arrangement. That is, a majority of scales 16 have 
other scales 16 that cover some portion of those scales 16 
While simultaneously covering other scales 16. Further, 
overlapping exists in both the vertical and horizontal direc 
tions as shoWn. 

[0024] In one embodiment, the scales 16 are constructed 
from a thermoplastic polymer, though other materials may 
be implemented. Suitable examples may include, polyeth 
ylene, polypropylene, PMMA. In one embodiment, the 
scales 16 are constructed of 0.125" or 0.063" thick polycar 
bonate. Additional details of the scales 16 and other scale 
con?gurations are provided beloW. 

[0025] As indicated, the scales 16 overlap in multiple 
directions and preferably by an amount that prevents inter 
scale separation that may expose vulnerable gaps in the 
composite structure 100. FIGS. 2A and 2B shoW a partial 
cross section of the composite structure 100 With the scales 
16 oriented to prevent such gaps. The exemplary composite 
structure 100 comprises a layer of overlapping scales 16 that 
is joined to one or more layers 18a, 18b of ballistic fabric. 
Some examples of ballistic fabric that may be used in the 
embodiments disclosed herein include Kevlar® from 
DuPont, TWaron® by Teijin TWaron, Spectra® from Hon 
eyWell, Dyneema® developed by DSM, and K-Flex®/T 
Flex® from PTI Armor Systems, LLC in Tempe, AriZ. 

[0026] In one embodiment, the layer of overlapping scales 
16 is joined to an adjacent layer 1811 of ballistic fabric. This 
?rst layer 1811 may then be joined, at least loosely, to a 
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remaining plurality of layers 18b. The quantity of layers 18b 
used for a particular application may vary depending on the 
performance requirements. In general, the composite struc 
ture 100 should be su?icient to radially redirect the kinetic 
pulse that is caused by projectile impact. In an exemplary 
embodiment, a layer of overlapping scales 16 and less than 
10 layers of ballistic fabric Were su?icient to limit back face 
signature to betWeen 0.8 and 0.9 inches. An acceptable limit 
of 1.73 inches is established by NIJ Standard 0101.04 for 
different ammunition, including Full Metal Jacketed 9 mm 
and Jacketed Soft Point 0.44 Magnum bullets. By compari 
son, body armor such as vest 10 that only incorporates layers 
18b of ballistic fabric may require as much as about tWo 
times the number of layers to simply meet the NI] standard. 
Many more layers may be required to achieve the same 
performance as the composite structure 100. 

[0027] One advantage provided by the composite structure 
100 is that the scales 16 are lighter than metal or ceramic 
equivalents. HoWever, this does not preclude the use of 
metal or ceramic scales 16 as these other materials may 
provide different performance characteristics suitable for a 
particular application. In any event, the scales 16 are joined 
to a layer 1811 of ballistic fabric in such a manner that the 
composite structure 100 may ?ex While it is Worn. This 
?exure is illustrated in FIG. 2B, Which shoWs the same 
partial cross section of the composite structure 100 shoWn in 
FIG. 2A, albeit in a curved or ?exed condition. Notably, the 
amount of overlap D1 shoWn in FIG. 2A is su?icient to 
maintain overlap even in the curved condition shoWn in FIG. 
2B. The overlap D2 in FIG. 2B may be less than overlap D1 
from FIG. 2A as a result of the ?exure. Regardless, the scales 
16 still overlie one another to provide the desired protection. 

[0028] FIG. 3 illustrates one embodiment of a single scale 
16 that may be used in the composite structure 100. Three 
qualitative dimensions, H1, W1, and D3 are shoWn in FIG. 
3. The exemplary scale 16 is approximately 1 to 2 inches in 
height With the Width is determined by diameter D3. Dimen 
sion W1 de?nes the Width of a mounting portion 20 Whereas 
the diameter D3 generally de?nes the siZe of an overlapping 
portion 22. The mounting portion 20 has a generally rect 
angular shape. The height of the mounting portion 20 is 
de?ned by dimension H1. The Width W1 of the mounting 
portion 20 is smaller than the overall Width of the overlap 
ping portion 22 as de?ned by diameter D3. In the embodi 
ment shoWn, the overlapping portion 22 extends beyond 
both sides of the mounting portion 20 (in the side to side 
direction as oriented in FIG. 3). 

[0029] The overlapping portion 22 is generally circular 
and may be dome shaped 22a as illustrated in the cross 
section vieW provided in FIG. 4A. Alternatively, the over 
lapping portion may have a ?at cross section 2211 as illus 
trated in the cross section vieW provided in FIG. 4B. For 
either case, the scale 16 may have a substantially uniform 
cross section thickness T1. Furthermore, in addition to the 
circular con?guration shoWn, the overlapping portion 22 
may have other con?gurations including but not limited to 
elliptical, oblong, conical, oval, rectangular, and teardrop 
shapes. 

[0030] FIG. 5 shoWs one overlap con?guration that may 
be used in constructing the composite structure 100 using a 
plurality of scales 16. Three qualitative dimensions L1, P, 
and L2. Dimension P de?nes a vertical pitch or stagger 
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determining the amount of overlap in the vertical direction 
as illustrated in FIG. 5. In one embodiment, the pitch P is 
about half the siZe of the scale so that the amount of vertical 
overlap L2 is also about equal to half the siZe of the scale. 
Alternatively, the vertical overlap L2 may be equal to about 
half the siZe of the overlapping portion 22. For example, the 
vertical overlap L2 may be about 40 to 60% of the siZe of 
the scale 16. 

[0031] The overlapping portion 22 of the exemplary scales 
16 is substantially circular. Further, the scales 16 are joined 
to an underlying layer 1811 of ballistic fabric at the mounting 
portion 20. As a result, the free end of the scale (bottom end 
in the orientation shoWn in FIGS. 1, 3, and 5), an exposed 
area 24 exists betWeen overlapping portions 22 of adjacent 
scales 16. Therefore, in another embodiment, the pitch P 
may be selected so that the Widest part of an overlapping 
portion 22 is positioned near or slightly beloW this exposed 
area 24. 

[0032] As indicated, the mounting portions 20 of a given 
scale 16 are narroWer than the overlapping portions 22. This 
con?guration alloWs the scales 16 to be positioned so that 
the mounting portions 20 abut one another at a junction 28. 
Absolute contact betWeen adjacent mounting portions 20 is 
not expressly required but may be desirable. At the least, the 
mounting portions 20 of adjacent scales 16 should be placed 
in close proximity to one another to increase the amount of 
overlap L1. Dimension L1 describes the amount of horiZon 
tal overlap betWeen adjacent scales 16. Notably, this dimen 
sion L1 is at least partly determined by the extent to Which 
the Width or diameter of overlapping portion 22 exceeds the 
mounting portion 20 (see also FIG. 3). Accordingly, dimen 
sion L1 may also be adjusted by adjusting dimensions D3 
and W1 in FIG. 3. 

[0033] The amount by Which a single scale 16 lies under 
or over an adjacent scale 16 is shoWn qualitatively as the 
cross hatched area 26 in FIG. 6. In one embodiment, the 
cross hatched area 26 should comprise about 10 to 35% of 
the Width of an overlapping portion 22 of a single scale. The 
precise amount of overlap may depend on the area in Which 
the scales 16 are used. For example, scales 16 that are 
disposed near the upper chest region may require less 
overlap than is required for scales 16 disposed near the 
abdomen, Where greater ?exure is likely. In one embodi 
ment, 20 to 25% of an individual scale 16 may lie under or 
over immediately adjacent scales 16. 

[0034] FIG. 6 also shoWs one embodiment of a technique 
that can be used to string together a roW 36 of scales 16 for 
subsequent attachment to a layer 1811 of ballistic fabric. As 
indicated above, the scales 16 may be positioned so that they 
abut one another at a junction 28. Initially, the scales 16 are 
adhered to a fabric binding 30. A variety of techniques may 
be used to secure the scales to the binding 30, including, for 
example, stapling and stitching. In one embodiment, the 
scales 16 are secured to the binding 30 using a convention 
ally knoWn adhesive such as PMA or PMMA. The adhesive 
is applied generally to the regions indicated by rectangles 
32. Then, the binding 30 is folded over the mounting portion 
20 along a fold line 34 and the adhesive is alloWed to cure. 

[0035] One advantage to this con?guration is that indi 
vidual roWs 36 of scales 16 may be pre-fabricated in 
extended stock lengths. Then, a desired length may be cut 
from the stock lengths and joined to a layer 1811 of ballistic 
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fabric in a vertically overlapping con?guration at the desired 
pitch P. Further, the binding 30 may be made from a fabric 
that permits the roW 36 of scales 16 to be stitched to a layer 
1811 of ballistic fabric in an expeditious manner. Further 
more, the binding 30 may itself be ?exible, thus contributing 
to the overall ?exibility of the composite structure 100. 

[0036] The scales 16 described thus far have a pro?le 
generally illustrated in FIG. 3. Certainly, other scale types 
may be used. The exemplary vest 110 shoWn in FIG. 7 
illustrates one embodiment of a body armor device that 
includes composite structures 100, 200, 300, each having 
different types of scales 16, 116, 216. Scales 116 are 
depicted in greater detail in the perspective vieW in FIG. 8A, 
the frontal vieW in FIG. 9A, and the side vieW in FIG. 10. 
An alternative embodiment of scale 116 is shoWn as a 
similar scale 118 illustrated in FIGS. 8B and 9B. Similar to 
scales 16, the scales 116, 118 are characterized by a mount 
ing portion 12011 or 12019 and an overlapping portion 122. In 
contrast With scales 16, these particular scales 116, 118 have 
a curved or boWed mounting portion 122 that is substantially 
rectangular When vieWed from the frontal direction as shoWn 
in FIGS. 9A and 9B. In one embodiment shoWn in FIG. 9A, 
the mounting portion 12011 has a Width W2 that is smaller 
than the overall Width W3 of the scale 116. In another 
embodiment shoWn in FIG. 9B, the mounting portion 120!) 
has a Width that is substantially the same as the overall Width 
W3 of the scale 118. Furthermore, While a rectangular 
overlapping portion 122 is shoWn, other con?gurations may 
be used including but not limited to elliptical, oblong, 
conical, oval, circular, and teardrop shapes. 

[0037] The curved overlapping portion 122 is more clearly 
shoWn in FIG. 10. The overlapping portion 122 has an 
overall radius of curvature R1 that is centered about axis 
140. The length of the scale 116 may be de?ned by the 
height of the mounting portion 120a, 1201) and an arcuate 
length D4. The length of the scale 116 may be Within a range 
of about 1 to 2 inches, similar to scale 16. In one particular 
embodiment, the arcuate length D4 is about 1.7 inches. 

[0038] FIGS. 11A and 11B illustrate that the arcuate length 
D4 and the radius of curvature R1 of the scale 116 permit use 
With composite structures 200 having a Wide variety of 
overall curvatures R2. For instance, FIG. 11A shoWs that the 
scales 116 may be joined to ballistic fabric layers 1811 that 
are used in a substantially ?at con?guration. Perhaps more 
advantageously, the scales 116 may be joined to ballistic 
fabric layers 1811 that are used in a curved con?guration as 
illustrated in FIG. 11B. Varying arcuate lengths D4 and radii 
R1 may be implemented for use With different radii of 
curvature R2. Thus, scales 116 may be particularly useful in 
curved portions of a body armor device such as vest 110. For 
example, scales 116 and composite structure 200 may be 
used around the shoulder region of a vest 110. Other 
exemplary applications may include limb and throat covers 
characterized by curved surfaces. In one embodiment, radius 
R1 may have a value of about 2.8 inches for application near 
a shoulder region of vest 110. 

[0039] Another type of scale 216 is illustrated in FIGS. 
12A, 13, 14, 15A and 15B. In one embodiment, this type of 
scale 216 may be used around the chest region of a body 
armor device, such as vest 110. As With the other scales 16, 
116,118, scale 216 may bejoined With a layer 1811 ofballistic 
fabric to create a composite structure 300 that is used Within 
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the vest 110. FIG. 12A illustrates a scale 216 that is 
elongated and substantially rectangular When vieWed from 
the front as shown. Scale 216 includes tWo mounting por 
tions 220, one each at bends 240. The mounting portions 220 
have a Width W4 that is generally smaller than the overall 
Width W5 of the scale 216. This exemplary scale 216 is 
characterized by three overlapping portions 222a, 222b, 
2220 that are arranged in a corrugated manner. This corru 
gated geometry is more easily identi?ed in FIG. 14, Which 
shoWs a general perspective vieW identifying geometry 
associated With scale 116. As compared With the previously 
described scales 16, 116, 118, scale 216 may have a similar 
Width W5, but a substantially longer length D5. For 
example, the length D5 of scale 216 may be betWeen 4 and 
5 inches. In one embodiment, the length D5 of scale 216 
may be about 4.5 inches. 

[0040] The length D6 of the individual overlapping por 
tions 222a, 222b, 2220 may vary. Symmetry may be pre 
served by using a length D6 that is approximately one third 
the overall length of the scale 216. Further, the corrugated 
geometry may be obtained by orienting the overlapping 
portions 222a, 222b, 2220 at an angle 0t With respect to one 
another. A range of angles may be used With smaller angles 
resulting in a loWer pro?le. For example, an angle 0t of about 
15-25 degrees may be suitable. In one embodiment, an angle 
0t ofabout 19 degrees is used. FIGS. 14, 15A, and 15B shoW 
a sharp bend 240 at the transition betWeen overlap portions 
222a, 222b, and 2220. It should be understood that more 
gradual, curved transitions may be used as Well. 

[0041] FIGS. 15A and 15B shoW a side vieW of the 
corrugated scales 216. By comparison, FIG. 13 shoWs a 
frontal vieW of a roW 236 of corrugated scales 216. RoWs 
236 of scales 216 may be joined With a binder 30 as shoWn 
in FIG. 6 or directly to a layer 1811 of ballistic material. In 
general, the scales 216 are joined along a seam 230 on the 
outside of a bend 240. Chemical or mechanical fastening 
techniques may be used, including those discussed above. 
Further, the scales 216 are joined along one seam 230 of the 
scale 216. Accordingly, one overlap portion 222a extends in 
a cantilevered manner in a ?rst direction from the seam 230. 
The remaining overlap portions 222b, 2220 extend in a 
cantilevered manner in a second, opposite direction from the 
seam 230. 

[0042] FIG. 13 shoWs that the overlap portions 222a, 
222b, 2220 may lie under or over adjacent scales 216. As 
With the previously described scales 16, 116, and 118, these 
exemplary scales 216 have a narroW mounting portion 220 
disposed along the bend 240. The reduced Width of the 
mounting portion 220 permits a con?guration Where mount 
ing portions 220 of adjacent scales 216 abut one another. 
Thus, the mounting portions 220 form a single attachment 
layer While the overlapping portions 222a, 222b, 2220 of 
adjacent scales 216 can form a multi-layer barrier. The 
amount of overlap is designated by the shaded area 226 in 
FIG. 13. The percentage of overlap (i.e., the amount by 
Which the overlapping portions 222a, 222b, 2220 of a single 
scale lie under or over adjacent scales 216) for scales 216 
may be larger than in the previously described embodiments. 
This may be required, in part, because of a larger length D5. 
For example, an overlap in the range betWeen about 25% 
and 50% may be appropriate. As above, this overlap may 
prevent inter-scale exposure that can occur When the vest 
110 ?exes or tWists. In one embodiment, approximately 33% 
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of the overlapping portions 222a, 222b, 2220 of a single 
scale 216 lie under or over adjacent scales 216 in the 
WidthWise W5 direction. 

[0043] FIG. 15A shoWs that in a direction that is orthogo 
nal to the attachment seam 230 (up and doWn as oriented in 
FIG. 15A), the overlap portion 22211 of one scale 216 lies 
over or under the overlap portion 2220 of an adjacent scale 
216. This con?guration results in approximately tWo-thirds 
or up to about 70% of a single scale 216 lying under or over 
adjacent scales along the lengthWise D5 direction. FIG. 15B 
further illustrates an alternative embodiment having more 
than one layer of scales 216. This latter con?guration may 
provide improved protection from ballistic threats at a 
minimal sacri?ce in comfort, Weight, and ?exibility. Addi 
tional layers may be used as desired. 

[0044] Alternative scales 217, 218 similar to scale 216 are 
presented in FIGS. 12B and 12C. The main difference 
betWeen the scales 216, 217, 218 is the presence or absence 
of a narroWer mounting portion 220 at or near bends 240 
betWeen the segments 222a, 222b, and 2220. Scale 218 has 
a single mounting portion 220 at one of the tWo bends 240 
compared to the tWo mounting portions 220 included in 
scale 216. In contrast, scale 217 has a uniform Width W5 and 
does not have any narroWer mounting portions 220. Accord 
ingly, a composite structure 300 using scales 217 may 
assemble the scales 217 With a uniform overlap along the 
long edge of the scale 217. 

[0045] The elongated scales 216, 217, 218 may provide 
enhanced protection due to the additional overlap in the long 
direction (direction of length D5). These scales 216, 217, 
218 may be particularly suitable for the chest region of a vest 
110, Where less ?exibility and greater protection may be 
required. In contrast, the smaller scales 16, or the curved 
scales 116,118 may be suitable for other regions of a vest 
110. In combination, the use of these scales 16, 116, 118, 
216, 217, 218 in protective armor such as vests 10, 110 may 
provide an effective compromise betWeen protection, 
Weight, and ?exibility. 

[0046] The present invention may be carried out in other 
speci?c Ways than those herein set forth Without departing 
from the scope and essential characteristics of the invention. 
For example, the embodiments described above have con 
templated attaching the scales to a layer of ballistic fabric. 
It may be desirable to attach the scales to a thin non-ballistic 
fabric that is subsequently attached to layers of ballistic 
fabric. This and other manufacturing considerations may 
call for other manufacturing techniques. The present 
embodiments are, therefore, to be considered in all respects 
as illustrative and not restrictive, and all changes coming 
Within the meaning and equivalency range of the appended 
claims are intended to be embraced therein. 

What is claimed is: 
1. A composite ballistic material comprising: 

one or more layers of ?exible ballistic fabric; and 

a plurality of scales arranged in an overlapping con?gu 
ration, the individual scales having a mounting portion 
and an overlapping portion, the mounting portions of 
the plurality of scales being disposed substantially in a 
non-overlapping layer, the overlapping portions of the 
scales having a ?rst surface and a second surface 
spaced apart by a substantially constant thickness, an 
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amount of the overlapping portion of a single scale that 
lies over or under other scales being betWeen about 15 
to 35 percent of a ?rst overall Width of the ?rst surface 
in a ?rst direction. 

2. The material of claim 1 Wherein the mounting portion 
of the individual scales has a second Width betWeen a ?rst 
outermost surface and a second outermost surface in the ?rst 
direction, the second Width being smaller than the ?rst 
Width, the overlapping portion extending Wider than the ?rst 
and the second outermost surfaces of the mounting portion. 

3. The material of claim 1 Wherein an amount of the 
overlapping portion of a single scale that lies over or under 
other scales being betWeen about 40 to 70 percent of a 
second overall Width of the ?rst surface in a second direc 
tion. 

4. The material of claim 1 Wherein the overlapping 
portion is substantially planar. 

5. The material of claim 1 Wherein the overlapping 
portion is substantially dome shaped. 

6. The material of claim 1 Wherein the overlapping 
portion is substantially curved. 

7. The material of claim 1 Wherein each of the plurality of 
scales is corrugated. 

8. The material of claim 1 Wherein the scales are poly 
carbonate scales. 

9. A composite ballistic material comprising: 

one or more layers of ?exible ballistic fabric; and 

a plurality of scales having a substantially uniform thick 
ness and further having a mounting portion and an 
overlapping portion, the mounting portions of the plu 
rality of scales being disposed substantially in a non 
overlapping layer, the overlapping portions of the plu 
rality of scales being substantially non-planar and being 
arranged in an overlapping con?guration so that the 
overlapping portion of individual scales lies under or 
over the overlapping portion of adjacent scales. 

10. The material of claim 9 Wherein the mounting portion 
of the individual scales has a ?rst Width betWeen a ?rst 
outermost surface and a second outermost surface in a ?rst 
direction, the overlapping portion of the individual scales 
extending Wider than the ?rst and the second outermost 
surfaces of the mounting portion. 

11. The material of claim 9 Wherein the overlapping 
portion is substantially dome shaped. 

12. The material of claim 9 Wherein the overlapping 
portion is substantially curved. 

13. The material of claim 9 Wherein each of the plurality 
of scales is corrugated. 
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14. The material of claim 13 further comprising a second 
overlapping portion, the ?rst overlapping portion and the 
second overlapping portion disposed on opposite sides of the 
mounting portion. 

15. The material of claim 9 Wherein the scales are 
polycarbonate scales. 

16. A method of constructing a composite ballistic mate 
rial, the method comprising: 

joining a roW of scales having a substantially uniform 
thickness along a ?rst direction to a plurality of ?exible 
binders, each of the plurality of scales having a mount 
ing portion and an overlapping portion, the mounting 
portions being disposed on the ?exible binder in sub 
stantially in a non-overlapping layer, the overlapping 
portions of the scales being substantially non-planar 
and arranged in an overlapping con?guration so that the 
overlapping portion of individual scales lies under or 
over the overlapping portion of adjacent scales; and 

joining the plurality of ?exible binders to a ?exible fabric 
so that the overlapping portion of scales disposed on a 
?rst binder overlap the overlapping portion of scales 
disposed on a second binder. 

17. The method of claim 16 Wherein joining the plurality 
of ?exible binders to a ?exible fabric further comprises 
disposing a ?rst part of the overlapping portion of scales 
disposed on the ?rst binder under the overlapping portion of 
scales disposed on the second binder and disposing a second 
part of the overlapping portion of scales disposed on the ?rst 
binder over the overlapping portion of scales disposed on a 
third binder. 

18. The method of claim 16 Wherein the scales are 
corrugated. 

19. The method of claim 16 Wherein the ?exible fabric is 
a ballistic fabric. 

20. The method of claim 16 Wherein the overlapping 
portion of individual scales is curved. 

21. The method of claim 16 Where the mounting portions 
of the roW of scales have a Width in the ?rst direction 
measured betWeen a ?rst outermost surface and a second 
outermost surface, the overlapping portion of the individual 
scales extending Wider than the ?rst and second outermost 
surfaces. 

22. The method of claim 16 Wherein the scales are 
polycarbonate scales. 


