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deformable backing medium apart from the front sur 
face of said deformable backing medium; 

0020 said spacer comprising an element having a bor 
der and an interior cavity defined by said border, wherein 
said deformable backing medium is exposed through 
said cavity; and 

0021 c) optionally, at least one Support for Supporting a 
fibrous material in a positionadjacent to the front Surface 
of said deformable backing medium; 

0022 II) positioning a fibrous material adjacent to said 
deformable backing medium, wherein said spacer is posi 
tioned between the fibrous material and said deformable 
backing medium, the fibrous material being spaced apart 
from the front surface of said deformable backing medium by 
said spacer, 
0023 III) firing at least one projectile at the fibrous mate 

rial at a target location that corresponds to the interior cavity 
of said spacer, and Such that the projectile impacts the fibrous 
material at a location that corresponds to the interior cavity of 
said spacer, and wherein the impact of the projectile on the 
fibrous material causes a depression in the deformable back 
ing medium; 
0024 and 
0025 IV) measuring the depth of the depression in the 
deformable backing medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 illustrates a front-view schematic represen 
tation of a flat panel spacer having an interior cavity and two 
bracket Supports. 
0027 FIG. 2 illustrates a side-view schematic representa 
tion of an apparatus incorporating a flat panel spacer with an 
interior cavity, with a deformable backing medium-contain 
ing open face fixture on one side of the spacer and a fibrous 
material attached to another side of the spacer. 
0028 FIG. 3 illustrates a cross-sectional view schematic 
representation of the apparatus of FIG. 2, illustrating the 
deformable backing medium within the open face fixture. 
0029 FIG. 4 illustrates a front-view schematic represen 
tation of a flat panel spacer having an interior cavity and two 
bracket Supports, and further having air vent channels at each 
corner of the spacer. 
0030 FIG. 5 illustrates a schematic representation of a 
backface signature testing set-up of the prior art as per NIJ 
Standard 01 01.06 where an armor panel is positioned directly 
on a deformable backing material. 

DETAILED DESCRIPTION OF THE INVENTION 

0031. In accordance with the invention, the penetration 
resistance of a ballistic resistant composite is evaluated by 
firing projectiles (e.g. bullets) against a ballistic resistant 
composite according to the conditions of Department of 
Defense Test Method Standard MIL-STD-662F. The projec 
tiles impact the composite and the backface signature is mea 
Sured according to the techniques described herein. 
0032 Backface signature is the measure of the depth of 
deflection of body armor due to a bullet impact once the armor 
stops the projectile from penetrating, indicating the potential 
blunt trauma experienced by the body underneath the armor. 
The method for measuring BFS as described herein is a modi 
fication of and replacement for the standard method described 
in NIJ Standard 0101.06. NIJ Standard 0101.06, incorporated 
by reference herein to the extent consistent herewith, identi 
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fies a method of transferring the physical deformation of a 
composite resulting from a non-penetrating projectile impact 
into a deformable clay backing where the clay is in direct 
contact with the back of the armor. The depth of deflection of 
the clay is then measured to determine BFS. The present 
method separates the composite from the clay with a suitable 
spacer so that the bulk of the backface deformation is prefer 
ably inside the air gap space. In a real-life helmet or body 
armor impact situation, backface deformation should result in 
minimum or no contact with the head or body of the user. In 
a laboratory testing environment, it is most desired that some 
minimal amount of depression touch the clay to realize the 
most accurate measurement of BFS. This is because follow 
ing a ballistic impact, some degree of retraction of the com 
posite is typical, and thus measuring the fabric deformation 
only will incorporate some error. The present system elimi 
nates such error. The present system also accomplishes BFS 
evaluation with minimal clay contact. Minimal clay contact is 
desired because clay disturbance may affect the accuracy of 
Subsequent BFS measurements as testing is repeated. For 
example, in current BFS testing which employs flat armor 
panels in direct contact with the clay backing material Sur 
face, the kinetic energy of a high speed projectile is trans 
ferred to the armor panel, and that energy is then transmitted 
as a shockwave throughout the clay block. This shockwave 
disturbs the clay, typically causing it to partially bulge out of 
its retaining fixture. This impacts the accuracy of measure 
ments and also requires extra handling of the clay as the 
bulging clay surface must be scraped off to set the front 
surface of the clay flush with the open face of the fixture. The 
present method allows BFS measurement with only minimal 
clay disturbance. This facilitates accurate repetition of the 
BFS testing reducing or entirely eliminating measurement 
error, and achieving improved BFS measurement consistency 
from shot to shot. 

0033 FIG. 2 illustrates a side-view schematic representa 
tion of an apparatus of the invention. FIG. 3 illustrates a 
cross-sectional view of the same apparatus, showing the 
deformable backing medium within an open face fixture. As 
shown, the apparatus of FIGS. 2 and 3 includes a fixture 30 
which contains the deformable backing medium 34. Fixture 
30 preferably has a hollow, box-like shape fabricated from a 
rigid metal, such as steel. Fixture 30 is optional herein, but is 
preferred as a retaining means for the medium 34. When a 
fixture 30 is not present, the deformable backing medium 34 
may be utilized as a free-standing block. When a free-stand 
ing block is used, some form of rear Support is preferred. For 
example, a free-standing block of a deformable backing 
medium 34 may be positioned against a wall or other flat 
supporting structure. As shown, fixture 30 has a front face 36 
and a rear face 42. In accordance with the method of the 
invention, front face 36 is necessarily open to allow for the 
exposure of deformable backing medium34 to permit contact 
with a fibrous composite sample selected for ballistic testing. 
It is conventional in the art forbackface signature testing to be 
conducted with a fixture also having a closed rear face, but 
having an open rear face during ballistic penetration resis 
tance testing, such as Vso testing. Accordingly, in the pre 
ferred embodiment of the invention, rear face 42 is preferably 
closed for BFS testing by a removable cover 44 as shown in 
FIGS. 2 and 3. Removable cover 44 may be fabricated from 
any Suitable material, including, but not limited to, plywood 
or a Suitable metal sheet, such as an aluminum sheet. Thick 
wood or plywood is conventional as per the specifications of 
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NIJ Standard 01 01.06, and is preferred herein. The material 
used to fabricate cover 44 is not intended to be limiting. 
Removable cover 44 may optionally be secured to said rear 
face 42 by one or more reinforcing elements (not shown) Such 
as one or more belts or straps. The use of Such reinforcing 
elements are conventionally known in the art and may like 
wise be used to secure or assist in securing the fibrous mate 
rial 32 to spacer 10 as well as secure or assist in securing the 
spacer 10 to the backing medium34. Use of such a reinforcing 
element is preferred to ensure that the distance of the space 
between the rear surface of the fibrous material 32 and the 
front surface of the deformable backing medium34 is equiva 
lent to or approximately equivalent to the depth 22 of the 
spacer 10. An example of a prior art set-up using reinforcing 
straps to secure a fibrous material in direct contact with the 
surface of a deformable backing medium is illustrated in FIG. 
5. A similar use of straps is preferred herein as just described. 
0034. The deformable backing medium 34 most prefer 
ably comprises or consists of a homogenous block of non 
hardening, oil-based modeling clay as specified by the BFS 
testing conditions of NIJ Standard 0101.06. NIJ Standard 
0101.06 identifies this clay as Roma Plastilina No. 1 oil-based 
modeling clay, but any suitable alternative may be used as a 
substitute. Roma Plastilina No. 1, commercially available 
from Sculpture House, Inc. of Skillman, N.J., is preferred 
because it contains wax instead of water and accordingly 
remains pliable after use and can be reused repeatedly. 
Equivalent clays commercially available from other manu 
facturers are also acceptable. According to the NIJ Standard 
0101.06 specification, the Roma Plastilina No. 1 clay has a 
thickness of approximately 5.5 inches (13.97 cm), and this 
same thickness is preferred for deformable backing medium 
34 during BFS testing. 
0035. Backing medium 34 has a front surface 38, which is 
preferably Smooth and flat to ensure accurate and consistent 
measurement of depression depths. Backing medium 34 
should also be free of voids. Backing medium 34 is preferably 
fully contained within fixture 30 such that front surface 38 is 
planar and fully flush with the front face 36 offixture 30, i.e. 
should be even with the reference surface plane defined by the 
fixtures edges, as similarly required by NIJ 01 01.06. Backing 
medium 34 should also be conditioned and validated as 
required by NIJ 01.01.06. 
0036) Positioned adjacent to the front surface 38 of 
deformable backing medium 34 is a spacer 10. Spacer 10 is 
most preferably in direct contact with the planar front surface 
38 of the medium 34. Spacer 10, by virtue of its thickness, 
defines a space adjacent to said deformable backing medium 
34, spacing the front surface 38 of the deformable backing 
medium34 apart from a fibrous material 32 such that medium 
34 is positioned directly adjacent to spacer 10. As seen in FIG. 
1, fibrous material 32 is preferably positioned in direct con 
tact with spacer 10 in order to perform backface signature 
testing of the fibrous material 32 with the greatest accuracy 
and repeatability. Fibrous material 32 may be any material or 
composite for which ballistic penetration or backface signa 
ture testing is desired. Neither the composition nor the struc 
ture of fibrous material 32 is intended to be limiting herein. 
0037. As illustrated in FIG. 1, the spacer 10 preferably 
comprises an element having an interior cavity 12 through 
which deformable backing medium 34 is exposed. As 
described herein, exposure of the deformable backing 
medium 34 through cavity 12 means that no physical portion 
of the spacer is 10 is located between fibrous material 32 and 
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backing medium 34 in the area of the cavity 12. This permits 
the backface deformation of a fibrous material 32 due to a 
projectile impact to cause an indentation in the backing 
medium 34 under the proper conditions, i.e. when the back 
face deformation of the fibrous material 32 is extensive 
enough to pass through the entire depth of cavity 12, pressing 
into backing medium 34. 
0038. As shown in FIGS. 1-4, a preferred spacer 10 is a 

flat, preferably rectangular or square panel structure having a 
flat rear surface that is suitable for being placed flat against the 
front surface 38 of backing medium 34. Preferred spacer 10 
has outer edges 18 and 20 which define a length and width of 
the spacer 10, respectively. The interior cavity 12 of preferred 
spacer 10 is defined by interior edges 14 and 16. The dimen 
sions of interior edges 14 and 16 and outer edges 18 and 20 
may vary but must permit the apparatus to function as 
intended, i.e. the spacer 10 must block a fibrous material 32 
from directly contacting backing medium 34 prior to a pro 
jectile impact, while permitting the deformation of a fibrous 
material 32 within the area of cavity 12 sufficient to pass 
through said cavity 12, causing the front surface 38 of the 
backing medium34 to be contacted by the fibrous medium 32 
only after a projectile impact, and thereby causing a measur 
able indentation in or measurable deformation of the backing 
medium 34 as a result of said contact. 
0039. Of significant importance is the depth 22 of the 
spacer 10, which is equivalent to the depth the cavity 12. As 
with edges 14, 16, 18 and 20, the depth 22 of spacer 10 may 
vary, but in the most preferred embodiments of the invention, 
the depth of spacer 10 is preferably equal to or less than /2" 
(12.7 mm) in order to provide an appropriate approximation 
of the typical spacing between a helmet shell and a human 
head in an actual helmet article which includes conventional 
padding or a conventional Suspension/restraint system. Pref 
erably, the depth 22 of spacer 10 is from about /12" (-2.127 
mm) to about 1" (25.4mm), more preferably from about /s" 
(3.175 mm) to about /2" (12.7 mm), even more preferably 
from about 4" to about 1/2" (12.7 mm). Most preferably, the 
depth of spacer 10 is /2" (12.7 mm). As stated above, the 
spacer 10 defines the space adjacent to the deformable back 
ing medium 34, spacing the fibrous material 32 apart from 
front Surface of the backing medium34. Accordingly, when a 
fibrous material 32 is positioned adjacent to and in direct 
contact with the spacer 10 as shown in FIGS. 2 and 3, the 
distance of the space between the rear surface of the fibrous 
material 32 and the front surface of the deformable backing 
medium 34 is equivalent to or approximately equivalent to the 
depth 22 of spacer 10. 
0040 Spacer 10 may be fabricated from any suitable mate 

rial. Preferably, spacer 10 is fabricated from wood, plastic, or 
a rigid metallic material. Such as multipurpose aluminum 
stock. Rigid multipurpose aluminum is preferred because it is 
relatively inexpensive, relatively lightweight, and relatively 
simple to cut and form into any desirable shape. Spacer 10 
may be fabricated into any useful regular or irregular shape, 
but a rectangular or square shape with a similarly shaped 
cavity is preferred, as illustrated in FIGS. 1 and 4. 
0041. In order to support a fibrous material 32 in a position 
adjacent to the front surface of the deformable backing 
medium 34 and in direct contact with the spacer 10 as shown 
in FIGS. 2 and 3, it is preferred that the fibrous material 32 be 
Supported and/or held in place by at least one Support 24. Such 
as one or more brackets. FIGS. 1 and 4 illustrate a preferred 
embodiment including two bracket Supports 24, one being 
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positioned to support the bottom of a fibrous material 32 and 
another being positioned to Support a side of fibrous material 
32, which is most useful when the fibrous material 32 is 
fabricated in a conventional square or rectangular shape. As 
seen in FIGS. 1 and 4, reference numeral 26 represents the 
distance from a bottom Supporting bracket to an edge 14 of 
cavity 12. Reference numeral 28 represents the distance from 
a side Supporting bracket to an edge 16 of cavity 12. These 
distances are not intended to be limiting. When incorporated, 
the one or more Supports 24 may be fabricated as integral 
elements of the spacer 10 or may be elements that are sepa 
rately attached to the spacer 10. Most preferably they are 
attached to the spacer rather than integral elements. 
0042. As previously stated, spacer 10 may be secured to 
the front surface 38 of backing medium 34 using a reinforcing 
element, such as a belt or a strap. In an alternate preferred 
embodiment, spacer 10 may be held or hung in Such a position 
adjacent to backing medium 34 via a hanging device (not 
shown). Such as a wire, a string or a rope, preferably a wire. In 
this embodiment, a hanging device may be attached to the 
spacer 10 via mounting elements 40. Mounting elements 40 
may be screws or any suitable substitute. The type of mount 
ing element is not intended to be limiting. The hanging device 
is preferably connected to or hooked onto the fixture 30 via a 
hook 48, thereby mounting the spacer 10 on the fixture 30. In 
a preferred embodiment of the invention, the spacer 10 is both 
hung on the fixture 30 and secured to the backing medium 34 
with a reinforcing element like a belt or strap. 
0043. In addition, while it is desired to hold the fibrous 
material 32 tightly against the spacer 10, it has been found that 
Such may potentially cause air to be entrapped between the 
panel offibrous material 32 and the surface of spacer 10. This 
is problematic because it is preferred for a single fibrous 
material 32 to be used multiple times to accumulate multiple 
data points, but entrapped air having no appropriate venting 
route may damage the fibrous material 32 when a projectile 
impacts the material 32, or may affect the shape/depth of the 
backface deformation of the fibrous material 32. This may 
affect the reliability of results and/or prevent reuse of the 
fibrous material 32. As shown in FIG. 4, this problem may be 
addressed by fabricating spacer 10 to include one or more air 
venting channels 46 recessed within the border of the spacer 
10. The one or more air venting channels 46 are located at an 
interface of the spacer 10 with an adjacent fibrous material 32 
and preferably extend from an edge or corner of the interior 
cavity 12 through at least one of the corners or outer edges 18 
and/or 20 of the spacer 10 border. Most preferably, the spacer 
10 comprises a plurality of air venting channels 46, each 
channel 46 extending both through an exterior edge or corner 
of said spacer 10 border and through an interior edge or corner 
of said spacer 10 border, wherein said interior edge of said 
spacer 10 defines the cavity 12 of the spacer 10. 
0044. A conventional set-up of the prior art for backface 
signature testing is illustrated in FIG. 5. A projectile is fired 
from a testing weapon which is positioned at a distance A 
from a backing material fixture. Located in between the test 
ing weapon and the backing material fixture are Start and Stop 
TriggerS1 and 2, which are employed to measure the Velocity 
of the projectile fired at an armor test panel. As shown by the 
Line of Flight in FIG. 5, a fired projectile will first pass 
through Start Triggers 1 & 2, which transmits a signal to 
Chronograph 1, and then through Stop Triggers 1 & 2, which 
transmits a signal to Chronograph 2. Data from these signals 
are used to calculate projectilevelocity. Distances A, B and C 
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as shown in FIG.5 are regulated by NIJ Standard 01.01.06 for 
various types of armor. For Type I, II, II-A and III-A armors, 
A is 5 m, and for Type III and IV armors, A is 1.5 m. For Type 
I, II, II-A and III-A armors, B must be a minimum of 2 m, and 
for Type III and IV armors, B must be a minimum of 1.2 m. 
For all armor types, C is approximately 1.5 m. These identi 
fied distances are standardized NIJ requirements and are pre 
sented herein only for purposes of illustration. The backface 
signature testing set-up for the present invention is preferably 
the same as this conventional prior art set-up except for the 
presence of spacer 10 between fibrous material 32 and back 
ing material 34. The prior art set-up of FIG. 5 requires the 
placement of the armor test panel in direct contact with the 
backing material. 
0045. According to the preferred testing protocol of the 
present invention, the backing medium 34 is retained in a 
fixture 30 rather than utilizing the backing medium 34 as a 
free-standing block of clay without a fixture. The fixture 30 
may be Supported by and secured to a stand that elevates the 
assembly to a desired height, as would be understood by one 
skilled in the art. The spacer 10 is mounted on the fixture 30 
via a wire which is attached to the spacer 10 via mounting 
screws 40. A fibrous material 32 may be positioned on the 
spacer 10 either prior to or after mounting the spacer 10 on the 
fixture 30, where fibrous material 32 is positioned adjacent to 
the deformable backing medium 34 such that the spacer 10 is 
positioned between the fibrous material 32 and the deform 
able backing medium 34 as described herein. The fibrous 
material 32 and spacer 10 are then most preferably secured to 
the fixture 30 using two adjustable straps analogous to the 
reinforcing straps shown in FIG. 5. The adjustable straps may 
be positioned in contact with the front of the fibrous material 
32 in any position that is not within the area of the fibrous 
material 32 which is located in front of cavity 12. 
0046. Once all elements of the system are in place, the 
tester may proceed with firing at least one projectile at the 
fibrous material 12 at a target location that corresponds to the 
interior cavity 12 of said spacer 10 such that the projectile 
impacts the fibrous material 32 at a location that corresponds 
to the interior cavity 12 of said spacer 10. Any impact of the 
projectile that causes a deformation of the fibrous material 32 
which is sufficient to extend through the depth 22 of the cavity 
12 and into contact with the front surface 38 of the deformable 
medium 34 will cause a measurable depression or indentation 
in the deformable backing medium 34. The depth of this 
depression in the backing medium 34 is then measured using 
well known techniques, and the depression depth represents 
the backface signature of the material. These steps of firing a 
projectile and measuring the BFS may be repeated at least 
once using a similar projectile and at an equal or similar firing 
Velocity, and an average depth of depression may be calcu 
lated if there are any differences in measured BFS depth from 
shot to shot. 

0047 Depending on conditions such as the type of fibrous 
material 32 being tested, the projectile type and the projectile 
velocity, it is possible that the deformation of the fibrous 
material 32 may not be extensive enough to extend through 
the entire depth 22 of the spacer 10, thereby failing to indent 
the deformable backing material 34. In Such circumstances, 
testing should be repeated utilizing a spacer 10 having a 
reduced depth 22, because in general. Some clay contact is 
necessary to accurately measure BFS. 
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0048. Accordingly, lower energy threats and/or fibrous 
composites of greater areal density will necessitate the use of 
spacers 10 having Smaller depths 22 to ensure the minimal 
clay contact. 
0049. It should be understood that there are various fore 
seeable alternatives to the preferred apparatus assembly as 
described herein. For example, rather than utilizing a frame 
like flat panel spacer 10 having an interior cavity 12, the 
desired spacing between a fibrous material 32 and backing 
material 34 may beachieved, for example, by recessing back 
ing material 34 within fixture 30 by the desired distance, such 
that the front surface 38 of backing material 34 is not fully 
flush with the front face 36 offixture 30. In this embodiment, 
the portion of fixture 30 between fibrous material 32 and 
backing material 34 would then constitute the spacer 10. 
Front surface 38 of backing material 34 should remain flat and 
planar. In this embodiment, fibrous material 32 may be posi 
tioned in contact with the front face of fixture 36, but would 
not be in contact with front surface 38 of backing material 34. 
In another foreseeable embodiment, the assembly may be set 
up, for example, wherein the backing material 34, either 
retained within a fixture 30 or not, is laid on the ground or on 
some other flat surface, with a spacer 10 then being laid on top 
of the backing material 34 or fixture 30, and the fibrous 
material 32 then being laid on top of the spacer 10, utilizing 
gravity to maintain each element in its proper position, with or 
without reinforcing elements/straps. For example, a free 
standing block of medium 34 may be laid on the ground Such 
that the front surface 38 is facing upward, and with a firing 
assembly set up to fire from above the deformable medium 
34. In yet another foreseeable embodiment, fibrous material 
32 may be secured in a position adjacent to yet spaced from a 
deformable backing medium 32 using tubes (inflatable or not 
inflatable), rods, strips fabricated from metal, wood, plastic or 
any other Suitable material, or any other spacing means Suit 
able to achieve the purposes described herein, wherein said 
tubes, rods, Strips or other spacing means may include a 
plurality of spacing means that are either connected to each 
other or disconnected from each other. Accordingly, the appa 
ratus of the invention is intended to encompass any assembly 
which includes at minimum a) a deformable backing medium 
having a front Surface; and b) at least one spacer defining a 
space adjacent to said deformable backing medium, the at 
least one spacer spacing a fibrous material that is positioned 
adjacent to said deformable backing medium apart from the 
front surface of said deformable backing medium. 
0050. The following examples serve to illustrate the inven 

tion. 

EXAMPLES 

0051. The standard method for measuring BFS of soft 
armor is outlined by NIJ Standard 01 01.04, Type IIIA, where 
an armor sample is place in contact with the Surface of a 
deformable clay backing material. The backface signature of 
four different materials was tested for molded panels having 
three different composite areal densities. Each panel was 
tested both according to the standardized method of NIJ Stan 
dard 01 01.06 where the panels to be tested were placed in 
direct contact with the front surface of a deformable clay 
(identified as “Panel Directly on Clay No Air Gap'), as well 
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as according to the method of the invention utilizing a custom 
machined, frame-type flat panel spacer between the compos 
ite article and the clay block as illustrated in FIGS. 1-4 having 
an interior cavity with a /2 inch (12.7 mm) cavity depth 
(identified as “Panel Spaced From Clay—/2" Air Gap'). 
0.052 The spacer used was fabricated from /2" multipur 
pose aluminum stock having dimensions of 18"x18"x72" 
(LxWxD). The interior cavity had dimensions of 10'x10'x 
/2" (LxWxD). One inch wide aluminum brackets were 
attached to the spacer as shown in FIG. 1, the brackets being 
positioned perpendicular to each other. Each bracket was 
positioned approximately 1" from the interior cavity. The 
spacer was mounted on a fixture using a wire, which wire was 
attached to the spacer with two /2" mounting screws. Each 
molded panel that was tested measured approximately 12"x 
12" (LXW) with the depth varying as determined by the 
selected composite areal densities shown in Tables 1 and 2. 
The fixture was filled with a 5.5" thick square block of Roma 
Plastilina No. 1 oil-based modeling clay having dimensions 
of approximately 24"x24"x5" (LxWXD), and the block was 
flush with the front face of the fixture. The fixture was a rigid, 
hollow box-shaped structure fabricated from steel, having an 
open front face and open rear face, and having dimensions of 
approximately 24"x24"x5" (LxWxD). No rear cover was 
used, but a 3/4" thick sheet of plywood (approximate dimen 
sions: 24"x24"x3/4" (LxWxD)) as a rear cover was available. 
A separate spacer having air venting channels in each corner 
(approximate dimensions: 3/16"x4" (DxW)) as shown in FIG. 
4 was also available but not used. All testing was conducted at 
a room temperature of approximately 72 F. Projectiles were 
fired at the composite articles at target locations correspond 
ing to the interior cavity of the spacer. The projectiles 
impacted the composite article at locations corresponding to 
the interior cavity of the spacer, and except for Example 12, 
each projectile impact caused a measurable depression in the 
clay. In Example 12, the full depth of panel deformation failed 
to extend beyond the depth of the spacer and thus is less than 
!/2". All of the BFS measurements in Table 1 refer only to the 
depth of the depression in the clay as per the inventive method 
and do not take into account the depth of the spacer element, 
i.e. the BFS measurements in Table 1 do not include the actual 
distance between the composite and the clay. 

Examples 1-12 

0053 

TABLE 1 

Panel spaced from Clay - /2"Air Gap 

1.26 1.58 2.21 

psf psf psf 
EXAMPLE PRODUCT A.D. A.D. A.D. 

1-3 A. 18.75 14.125 8.25 

4-6 B 24.75 2O.S 14.125 

7-9 C 15.75 9.875 3.12S 

10-12 D 3.75 1.75 O 
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Examples 13-24 (Comparative) 

0054 

TABLE 2 

Panel Directly on Clay - No Air Gap 

1.26 1.58 2.21 
psf psf psf 

EXAMPLE PRODUCT A.D. A.D. A.D. 

13-15 A. 23.375 22 23 
16-18 B 24.5 24.625 24.125 
19-21 C 20.875 21.625 22.375 
22-24 D 21.25 21.5 19.25 

0055. Each of the four products tested were different and 
are identified generically as products A, B, C and D. The 
specific composition and structure of each tested product was 
kept constant for all testing except for changes in composite 
areal density (A.D., measured in lb/ft (psf)) as designated 
in Tables 1 and 2. Other than changes in the A.D., the specific 
composition and structure of each tested product as kept 
constant is irrelevant. The data in Table 1 does not include the 
depth of the space between the composites and the clay, but 
should be added to identify the full extent of the composite 
deformation. As shown by a comparison of the data in Table 
1 and Table 2, data acquired using the testing protocol of the 
present invention helps to clearly identify differences in the 
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ent products were subjected to various fiber treatments, or 
were left untreated. Each was tested for backface signature 
using the /2"air gap method of the invention. For comparison, 
backface deformation was also measured by disregarding the 
depression in the clay and measuring the deformation of the 
composite itself. Such is referred to as “delamination' 
because it is not the clay depression which is being measured. 
Accordingly, delamination in Table 3 refers to the measure 
ment of the depth of rear deformation of the actual tested 
panels, rather than the depth of depression in the backing 
material. This measurement of delamination will be less than 
the BFS measurement plus the /2" (12.7 mm) air gap depth 
because after a projectile impact, the fabric at the area of 
impact partially retracts. The delamination measurement is 
taken after said retraction, while the BFS measurement with 
the air gap method described herein records the full extent of 
rear deformation of the fabric. Deformation after said retrac 
tion is typically measured by cutting a cross-section of the 
panel and measuring the depth from the plane of the undam 
aged rear Surface of the panel to the deepest outer portion of 
the deformed area. 

0057 For each example, BFS was measured for 12"x12" 
square samples having an areal density of 2.0 lb/ft (psf) and 
a fiber areal density (areal density of a single ply of parallel 
fibers, i.e. one unitape) of 53 grams/m (gsm). For each 
example, BFS was measured against a 9 mm, 124-grain FMJ 
RN projectile fired at a velocity of about 1430 feet/second 
(fps)+30 fps. 

TABLE 3 

BFS (a) Delamination (a) BFS plus BFS plus 
2.0 pSf 2.0 psf. /2" gap /2" gap 

60°F. 160°F. minus Delam minus Delam 
RT (71.11° C.) RT (71.11° C.) (a) RT (a) 160°F. 

Example Product (mm) (mm) (mm) (mm) (mm) (mm) 

25 I 9.4 3.1 7.3 4.7 4.8 11.1 
26 I 6.5 9.8 3.1 2.3 6.1 10.2 
27 I 3.38 6.25 1 1.5 5.08 7.45 
28 II 8.3 1.3 6.3 7.0 4.7 7 
29 II 1O.S 1.5 4.5 8.4 8.7 5.8 
30 II 5.3 7.5 3.3 4.1 4.7 6.1 
31 II 1.88 4.69 2.25 1.94 2.33 5.45 
32 II 2.25 4.13 2.13 5.5 2.82 1.33 
33 III 12.4 4.85 S.6 4.85 9.5 12.7 
34 III 11.5 O.3 1.8 4.3 12.4 8.7 
35 III 6.9 1.7 9.8 O.1 9.8 14.3 
36 III S.13 6.13 2.75 2.13 5.08 6.7 
37 IV 5.3 4.3 2.5 4.8 5.5 12.2 
38 IV 6.25 9.625 4.25 3.75 4.7 8.575 
39 V 3.75 6.06 4.88 3.7 1.57 S.O6 
40 VI 3.13 6.38 2.75 3.56 3.08 5.52 

backface signature for composites of varying areal densities, 0058. The last two columns in Table 3 identifying BFS 
while data obtained using the conventional method of the 
prior art is unreliable and inconclusive. This difference is 
significant when it is desired to evaluate backface signature 
with accuracy, repeatability and improved correlation to the 
expected backface signature of shaped ballistic resistant com 
posites in actual field use. 

Examples 25-40 

Delamination Measurement 

0056. The backface signature of four additional products, 
identified generically as products I, II, III and IV. The differ 

plus /2" (12.7 mm) gap minus delamination identify the 
amount of fabric retraction and illustrate the greater accuracy 
of the air gap spacer BFS measurement method for measuring 
the full expected extent of BFS of hard armor in actual field 
SC. 

0059 While the present invention has been particularly 
shown and described with reference to preferred embodi 
ments, it will be readily appreciated by those of ordinary skill 
in the art that various changes and modifications may be made 
without departing from the spirit and scope of the invention. 
It is intended that the claims be interpreted to cover the 
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disclosed embodiment, those alternatives which have been 
discussed above and all equivalents thereto. 

1.-20. (canceled) 
21. An apparatus for evaluating the backface signature of a 

fibrous material, the apparatus comprising: 
a) a deformable backing medium having a front Surface; 
b) a spacer defining a space adjacent to said deformable 

backing medium, the spacer spacing a fibrous material 
that is positioned adjacent to said deformable backing 
medium apart from the front surface of said deformable 
backing medium; and 

c) optionally, at least one Support for Supporting a fibrous 
material in a position adjacent to the front Surface of said 
deformable backing medium. 

22. The apparatus of claim 21 wherein said deformable 
backing medium is contained in an open face fixture. 

23. The apparatus of claim 21 wherein said spacer com 
prises an element having a border and an interior cavity 
defined by said border, wherein said deformable backing 
medium is exposed through said cavity. 

24. The apparatus of claim 23 wherein said spacer com 
prises a flat, rigid panel. 

25. The apparatus of claim 23 wherein said spacer com 
prises an element having a thickness of at least about /s inch 
(0.3175 cm) and said interior cavity has a depth that is equal 
to the thickness of said flat panel. 

26. The apparatus of claim 21 wherein said spacer defines 
a space adjacent to said deformable backing medium of at 
least about /2 inch (1.27 cm). 

27. The apparatus of claim 21 wherein said deformable 
backing medium is contained in an open face box-shape 
fixture, wherein said spacer comprises a flat panel having an 
interior cavity having a depth of at least about /2 inch (1.27 
cm), wherein said deformable backing medium is exposed 
through said cavity, and wherein said spacer is positioned in 
direct contact with front surface of the deformable backing 
medium. 

28. The apparatus of claim 21 wherein said deformable 
backing medium is contained in a fixture having both an open 
front face and an open rear face, wherein said open rear face 
of the fixture is at least partially covered by a removable 
cover, wherein said removable cover is optionally secured to 
said rear face by a reinforcing element. 

29. The apparatus of claim 21 wherein said optional at least 
one Support is provided and comprises at least one Supporting 
bracket that is attached to or integral with said spacer. 

30. The apparatus of claim 21 which further comprises a 
fibrous material positioned adjacent to said deformable back 
ing medium, wherein said spacer is positioned between the 
fibrous material and said deformable backing medium, and 
which fibrous material is spaced apart from the front surface 
of said deformable backing medium by said spacer. 

31. The apparatus of claim 30 wherein said fibrous material 
is secured to said spacer by at least one reinforcing element, 
said at least one reinforcing element also optionally securing 
said spacer to said deformable backing medium. 

32. The apparatus of claim 21 wherein said at least one 
Support and said spacer comprise a single element that both 
Supports a fibrous material in a position adjacent to the front 
Surface of said deformable backing medium and also spaces a 
fibrous material that is positioned adjacent to said deformable 
backing medium apart from the front Surface of said deform 
able backing medium. 
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33. The apparatus of claim 21 wherein said spacer com 
prises an element having a border and an interior cavity 
defined by said border, and wherein said spacer further com 
prises at least one air venting channel recessed within said 
border, said at least one channel extending through at least 
one edge of said border and being provided at an interface of 
said spacer with an adjacent fibrous material. 

34. The apparatus of claim 33 wherein said spacer com 
prises a plurality of air venting channels, each channel 
extending through both an exterior edge of said border and 
through an interior edge of said border, wherein said interior 
edge of said border defines said cavity of said spacer. 

35. An apparatus for evaluating the backface signature of a 
fibrous material, the apparatus comprising: 

a) a deformable backing medium compliant with NIJ Stan 
dard 01 01.06, the deformable backing medium having a 
front Surface; said deformable backing medium being 
contained in an open face fixture; 

b) a spacer defining a space adjacent to said deformable 
backing medium, the spacer spacing a fibrous material 
that is positioned adjacent to said deformable backing 
medium apart from the front surface of said deformable 
backing medium by at least about /s inch (0.3175 cm), 
said spacer comprising an element having a border and 
an interior cavity defined by said border, wherein said 
deformable backing medium is exposed through said 
cavity, and wherein said spacer is positioned in direct 
contact with front surface of the deformable backing 
medium; and 

c) at least one Support for Supporting a fibrous material in a 
position adjacent to the front surface of said deformable 
backing medium. 

36. The apparatus of claim 35 which further comprises a 
fibrous material positioned adjacent to said deformable back 
ing medium, which fibrous material is Supported in a position 
adjacent to the front surface of said deformable backing 
medium by at least one Support, which fibrous material is 
spaced apart from the front surface of said deformable back 
ing medium by said spacer. 

37. The apparatus of claim 35 wherein said spacer com 
prises an element having a border and an interior cavity 
defined by said border, and wherein said spacer further com 
prises at least one air venting channel recessed within said 
border, said at least one channel extending through at least 
one edge of said border and being provided at an interface of 
said spacer with an adjacent fibrous material. 

38. A method for evaluating the backface signature of a 
fibrous material, the method comprising: 

I) providing an apparatus for evaluating the backface sig 
nature of a fibrous material, the apparatus comprising: 
a) a deformable backing medium having a front Surface; 
b) a spacer defining a space adjacent to said deformable 

backing medium, the spacer spacing a fibrous mate 
rial that is positioned adjacent to said deformable 
backing medium apart from the front Surface of said 
deformable backing medium; 

said spacer comprising an element having a border and 
an interior cavity defined by said border, wherein said 
deformable backing medium is exposed through said 
cavity; and 

c) optionally, at least one Support for Supporting a 
fibrous material in a position adjacent to the front 
Surface of said deformable backing medium; 
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II) positioning a fibrous material adjacent to said deform 
able backing medium, wherein said spacer is positioned 
between the fibrous material and said deformable back 
ing medium, the fibrous material being spaced apart 
from the front surface of said deformable backing 
medium by said spacer, 

III) firing at least one projectile at the fibrous material at a 
target location that corresponds to the interior cavity of 
said spacer, and Such that the projectile impacts the 
fibrous material at a location that corresponds to the 
interior cavity of said spacer, and wherein the impact of 
the projectile on the fibrous material causes a depression 
in the deformable backing medium; 

and 
IV) measuring the depth of the depression in the deform 

able backing medium. 
39. The method of claim 38 wherein steps III) and IV) are 

repeated at least once using a similar projectile and at an equal 
or similar firing velocity, and calculating an average depth of 
depression in the deformable backing medium. 

40. The method of claim38 wherein the projectiles are fired 
at the fibrous material according to the conditions of Depart 
ment of Defense Test Method Standard MIL-STD-662F. 

k k k k k 

Apr. 21, 2016 


