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attached to the inside hull of a vehicle such as a
hel i copter, aircraft, watercraft vessel, or ground
vehicle. See U S. Patent Nos. b, 170,690 and 5, 333, 532
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ballistic protective material and may be assenbled in
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di m ni shed. If the les are too tightly sewed
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| rlnz:.])(le irnclude plies of Kevlar® or other similar ballistic protective material and may be
assémbled in panels tailored to match the inside configuration of the vehicle (for
example, wall, door, floor, and ceiling panels).

As our military faces new weapons and threats, there is a need for very thick
spall liners, for example, 37 or more plies of Kevlar® or even as thick as 50 or more
plies of Kevlar®. Contrary to conventional wisdom, it has now been demonstrated
that very thick spall liners are effective as armor for a number of diffe;ent threats.

It is very difficult to secure that many plies of Kevlar® together. Modern
sewing machines, for example, cannot sew more than about 10-12 or perhaps as many
as 19 plies of Kevlar® depending on their thickness. If the numerous plies of Kevlar®
in a thick spall liner are not secured together, its durability in the field is diminished.

If the plies are too tightly sewed together, the ballistic effectiveness of the spall liner

in the field is also diminished.



in the field is al so dimnished. SUWARY OF THE
INVENTION It is therefore an object of this invention
wa ooopioassisgle a spall liner with numerous plies BPET/US2008/003427
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separabl e fastener structure of a first
effected by adding tie layers to each set of plies, by securing the plies to their

respective tie layer, and then securing the tie layers together.

The subject invention, however, in other embodiments, need not achieve all
these objectives and the claims hereof should not be limited to structures or methods
capable of achieving these objectives.

The subject invention features a spall liner comprising a first plurality of
flexible fabric plies of a first dimension secured together and secured to a first tie
layer of a second, larger dimension. At least a second plurality of flexible fabric plies
are secured together and secured to a second tie layer. The first and second tie layers
are secured together. There may be a cover and separable fastener structure of a first
type on the cover for removeably securing the liner to the inside hull of a vehicle
equipped with separable fastener structure of a second type. There may be additional
ply sets each secured to a tie layer. In one example with three ply sets and three tie
layers, all the flexible fabric plies are of the first dimension, each tie layer is larger

than the first dimension. The first tie layer may be the largest and the second tie layer



type on the cover for renoveably securing the liner to
the inside hull of a vehicle equipped with separable
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one exanple with three ply sets and three tie |ayers,
all the flexible fabric plies3are of the first
di mension, each tie layer is larger than the first
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istic protectiv ric or materia
cover is,typically made of Codura or other fabric. The
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structure of the first type on its outside surface and
AheQEpavabId AANRE s@Xdt@RA MR MMEType may include loop fasteners. The

separable fastener structure of the first type can be a layer laminated to a side of the
cover.

The cover can include an inward layer including the separable fastener
structure of the first type on its outside surface and an outward layer extending over
the periphery of the tie layers.

The subject invention also features a method of making a spall liner. A first
plurality of flexible fabric plies of a first dimension are assembled and secured
together and to a first tie layer of a second, larger dimension. A second plurality of
flexible fabric plies are assembled and secured together and to a second tie layer. The
first and second tie layers are secured together. The first and second fabric plies and
the first and second tié layers are then covered and separable fastener structure of a
first type (e.g., loop fasteners) is secured to the cover. There may be additional ply

sets and tie layers.
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The subject invention further features an armor kit comprising a number of
panels each conforming to a different portion of the inside hull of a vehicle. Each panel
comprises a first plurality of flexible fabric plies of a first dimension secured together
and secured to a first tie layer of a second, larger dimension. At least a second plurality
of flexible fabric are secured together and secured to a second tie layer. The first and
second tie layers are secured together. A cover includes separable fastener structure of a
first type for removeably securing the liner to the inside hull of a vehicle equipped with

separable fastener structure of a second type. Separable fastener structure of a second

type is securable to the inside hull of the vehicle.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Other objects, features and advantages will occur to those skilled in the art
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Fig. 4 is a schematic three-dimensional top view of an example of an armor

panel in accordance with the subject invention;

Fig. 5 is a schematic three-dimensional bottom view of the armor panel shown
in Fig. 4;

Fig. 6 is a highly schematic three-dimensional view showing the interior of a
vehicle with a number of different spall liners releasably secured to the inside of the
vehicle; and

Fig. 7 is a highly schematic three-dimensional top view showing a number of

spall liners provided as a kit for a vehicle.

DETAILED DESCRIPTION OF THE INVENTION

Aside from the preferred embodiment or embodiments disclosed below, this
invention is capable of other embodiments and of being practiced or being carried out
in various ways. Thus, it is to be understood that the invention is not limited in its

application to the details of construction and the arrangements of components set forth



spall liner in accordance wth the subject invention;

Fig. 4 is a schematic three-dinensional top view of an
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subj ect invention; Fig. 5is a schematic
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10 in the formof a panel w thout a
desired and secured to each other and also secured to second flexible tie layer 14b of
at least the second, larger dimension. Similarly, an optional third plurality of flexible
plies 12c are secured together and also to third flexible tie layer 14c. The layers 14b
and 14c are disposed adjacent each other. Then, the tie layers 14a, 14b, and 14c are
secured together also typically by sewing. Each ply set 12a-12¢ may include 10-12
individual plies. Tie layer 14a may be larger than tie layer 14b which itself may be
larger than tie layer 14c to allow the tie layer edges to line up when assembled to
account for the drape distance.

In this way, since conventional sewing equipment cannot readily sew through
all the plies of ply sets 12a, 12b, and 12c, all the plies are still secured together via tie
layers 14a-14c. It is also beneficial to locate tie layers adjacent each other to
maximum extent possible as shown for tie layers 14b and 14c.

The individual plies may be sheets of Kevlar® or similar ballistic protective

material approximately 0.009 inches-0.029 inches thick. The thickness may vary

widely. There may be 10 or more plies in each ply set 12a-12c. Typically, a tie layer



cover. Afirst plurality of flexible fabric plies 12a
of a first dinension are cut to the shape desired and
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of flexible plies 12b of the first, smaller dimension
are cut to the shape desired and secured to each ot her
qaldo Kleshr¥afexaivalent thickmess 6il ediffotent thiekneay®y tha éthepindividual
at least the second, larger dinension. Simlarly, an
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as shown for tie layers 14b and 14c. The |nd|V|dua
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protective nmaterial approximtely 0.009 inches-0.029
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t hi ckness or a different thickness as the other

tg q!:é’o'uﬂyﬂ)lr the drape distance. Numerous configurations, however, are possible
and each panel is generally tailored to conform to a particular vehicle portion such as
a wall, door, floor portion, seat, or the like of the inside hull of a ground vehicle, an
aircraft, a watercraft, and the like. The plies and tie layers are thus cut from large
sheets of Kevlar® in the pattern desired.

Fig. 2 shows outward flexible cover layer 20a (typically made of Codura
roughly 0.010 inches thick) extending over the periphery of the tie layers 14a, 14b,
and 14c as shown at 22. Inward cover layer 20b includes a layer of separable fastener
structure of a first type 25 (for example, Velcro® loops) laminated thereto over its
whole outer surface. Binder layer 26 (e.g., nylon webbing 1.5" wide) is placed over
the cover layer 20a, cover layer 20b, and the tie layers 14a-14c as shown around the

periphery of the panel and a sewing operation sews binding layer 26, cover layer 20a,

tie layers 14a-14c, and cover layer 20b all together.



plies is added between ply sets when the nunber of

plies exceeds 10-11 plies, or whatever nunber of plies
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plies are desired, three tie layers are included as

shown in Fig. 1. 60 plies, for exanple, could be

acconpl i shed by including six &ets of 10 plies each

with a tie layer and then securing all six tie layers
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each panel is generally tailored to conformto a

g5 Sidvarinwald cver RYEL 200 wiE Meld@s® topalb oveitie extédtoor
portion, seat, or the like of the inside hull of a

groun Ckll% é]fd lg%h&l?ﬁ ?Eﬁel 68a Weh ﬁft(iﬁ&;ﬁed 1ﬂ¥lge lQ'@hlcle The

I'ike. tre ayers are thus cut fromlarge

B A b 258 iy

of Coduga roughly 0.010 |nches thlck) extendlng over

tth &/ elazp| ppek stnps or panels adhergddp sheripside walls of the veEbicles

shown at 22. Inward cover |ayer 20b includes a | ayer

of sedtgdbil®wWsaskienfarmsdrpanels i88a-8Df eachicoastnicygaeasabscussed
(for exanple, Velcro(r) loops) lanminated thereto over

ldbBve with respect to Figs. 1-2. The various panels of different configurations can be
secured to the inside walls of a vehicle, to the floor, to the seats, to the doors, and the
like.

The result, in any embodiment, is a spall liner with numerous plies of Kevlar®
or other similar material which is modular, removable and gracefully absorbs the
energy of a ballistic threat. The spall liner is easy to install and can be tailored
depending on the likely threat to be encountered by varying the number of plies, the
type of material used, and the like.

Although specific features of the invention are shown in some drawings and
not in others, this is for convenience only as each feature may be combined with any
or all of the other features in accordance with the invention. The words “including”,
“comprising”, “having”, and “with” as used herein are to be interpreted broadly and

comprehensively and are not limited to any physical interconnection. Moreover, any

embodiments disclosed in the subject application are not to be taken as the only



whol e outer surface. Binder |layer 26 (e.g., nylon

webbing 1.5" wide) is placed over the cover |ayer 20a,
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around the periphery of the panel and a sew ng

operation sews binding | ayer 26, cover |layer 20a, tie

| ayers 14a- 14c, and cover |ayker 20b all together.Fig.
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What is claimed is:
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securing the liner to the inside hull of a vehicle equipped with separable fastener structure

of a second type.

2. The spall liner of claim 1 in which the first plurality of fabric plies are

sewn together and to the first tie layer.

3. The spall liner of claim 1 in which the second plurality of fabric plies are

sewn together and to the second tie layer.

4. The spall liner of claim 1 in which the cover is sewn to the periphery of

the first and second tie layers.

5. The spall liner of claim 1 further including a binder secured over the cover



1. Aspall liner conprising: a first plurality of
flexible fabric plies of a first dinension secured

wo ogenbesws and secured to a first tie |ayer of BCHESWN$1003427
| arger dinension; at |east a second plurality of
flexible fabric plies of the first dinmension secured
toget her and secured to a second tie layer; the first
and second tie |layers secured together; a cover; and
separ abl e fastener structure qﬁ a first type on the
cover for renoveably securing the liner to the inside

hul | of a vehicle equipped wth separable fastener
| §P‘P‘l§é‘felﬂeélpg?ryé’f§}§cfg‘ﬁﬁa’{dysﬁ%‘?n .leh]ﬂﬁeégs pal | |iner of

claim1 in which the first plurality of fabric plies

are sewn together and to the first tie layer. 3. The

spall liner of claim1 in which the second plurality

of fabric fheemldirer sfolain 6 detvhizch thmbinder is bovisecoth cover about
tie layer. 4. The spall liner of claim1 in which the

AvRiph&ry SEME firet dndssefid titheyers.of the first and second
tie layers. 5. The spall liner of claim1 further

i ncludi ng a binder secured over the coverabout the
peri phery of the first and second tie |layers. 6. The

LSl f - - i oh. : _ >
over The. coueraBisForriaf L hich Rt ERE pie pFfhytse

second %ie.layers.
protective fabric or material.

8. The spall liner of claim 1 in which the tie layers are made of a ballistic

protective fabric or material.

9. The spall liner of claim 1 in which the cover is made of Codura or other

fabric.

10. The spall liner of claim 1 in which the separable fastener structure of the

first type includes loop fasteners.

11.  The spall liner of claim 1 in which the separable fastener structure of the

first type is a layer secured to a side of the cover.

12.  The spall liner of claim 11 in which the layer is laminated to the cover.



7. The spall liner of claim1 in which the plies are
made of a ballistic protective fabric or material. 8.
wab@ospsskd | iner of claiml1l in which the tie |BYBEDS2008/603427

made of a ballistic protective fabric or material. 9.

The spall liner of claim1 in which the cover is nmade

of Codura or other fabric. 10. The spall liner of

claim1 in which the separabl e fastener structure of

the first type includes |oop qgsteners. 11. The spal

liner of claim1l in which the Separable fastener

structure the firsy .t) .1s.a |layer secured to a

ot de- 88 ¢ hdhe spriines 8F cioE  in Shien @D FEBEET 4 picjayer
which the layer is lamnated to the cover.13. The _
inshiding tha sepapblefagiensr stiuptuihofcthe firsé tpsrad an autwaad layerextending
inward | ayer including the separabl e fastener

steruli¢ pergphefy dftike fi¢ lagerst ype and an outward | ayer

extendi ng over the periphery of the tie layers. 14.

The spall liner of claim1 in which the first tie

| ayer is larger than the second tie |ayer and the

seconglati eThaysi lirer bAEIGRY 1 i RRich ke st §81aydSis 1diger than the
nmet hod of maeking a spall liner, the method conprising:

' ' ' ihl.e fabric pli
SRR Bl S U bl B
fabric plies together and to a first tie layer of a

second, | arger dinension;

15. A method of making a spall liner, the method comprising:

assembling a first plurality of flexible fabric plies of a first dimension;

securing the first plurality of fabric plies together and to a first tie layer of
a second, larger dimension;

assembling a second plurality of flexible fabric plies of the first dimension;

securing the second plurality of fabric plies togéther and to a second tie
layer;

securing the first and second tie layers together;

covering the first and second fabric plies and the first and second tie
layers; and

securing separable fastener structure of a first type to the cover.

16.  The method of claim 15 further including the step of securing separable
fastener structure of a second type to the inside hull of a vehicle and releasably attaching

the separable fastener structure of the first type on the cover to the separable fastener



assenbling a second plurality of flexible fabric plies
of the first dinension; securing the second plurality

w@boobabisug plies together and to a second tie PEEES2008/003427

securing the first and second tie | ayers together;
covering the first and second fabric plies and the

first and second tie | ayers; and securing separable
fastener structure of a first type to the cover. 16.

The nethod of claim 15 furtheé i ncluding the step of
securing separable fastener s ?ucture of a second type

to the insidengull of a vehicle and rel easably

SHYCRER PhHCSREPSdRE abl e fastener structure of the

first type on the cover to the separable
fastenerstructure of the second type. 17. The nethod

of cllaim15 in which securing the first plurality of

fabri t7.pl | €&e tnethetl o€ claand 5 tiw whivh skéurig the Arsk ploeality of fabric plies
i ncludes sewing. 18. The nethod of claim15 in which
fopethel i thiike SREQOThYRY inElaliéd ewadg. f abric plies together
and to the second tie |ayer includes sewing. 19. The

nmet hod of claim 15 in which covering the first and

second fabric plies and the first and second tie

| ayer s, i nclydes . securin . bi r..over th .
tho oL pndPRRRB R 3 iy A Esedirile hE S B PlurdtiFBt raoric
TE%%nEt od 8f %%ain1 9.in which the binder is sewn
BUesytog¢ier ag¢ & thasen ttwéasﬁém%wﬁﬁewgt he first and

second tie |ayers.

19.  The method of claim 15 in which covering the first and second fabric plies
and the first and second tie layers includes securing a binder over the cover about the

periphery of the first and second tie layers.

20. The method of claim 19 in which the binder is sewn over the cover about

the periphery of the first and second tie layers.

21. The method of claim 15 in which the plies are made of a ballistic

protective fabric or material.

22.  The method of claim 15 in which the tie layers are made of a ballistic

protective fabric or material.

23. The method of claim 15 in which the cover is made of Codura or other



21. The nethod of claim 15 in which the plies are nmade

of a ballistic protective fabric or material. 22. The
woreaoboossed claim 15 in which the tie | ayers arRCTEHS®08603427

a ballistic protective fabric or material. 23. The

met hod of claim 15 in which the cover is made of

Codura or otherfabric. 24. The method of claim15 in

whi ch the separable fastener structure of the first

type includes a | ayer fastenegi. 25. The net hod of

claim?24 in which the layer is'lamnated to the cover.

% .. The method of claim15 in which the first tie

r is larger than the second tie layer and the

second tie layer is larger than the plies. 27. An

arnor kit conprising: a nunber of panels each

conformng to a different portion of the inside hul

of a 24hi clThe netdwd ofalaith 16 arprhichi thejseparabler fasteqpdr stradtisteyof the

of flexible fabric plies of a first dinension secured

e efpeanicladud adevdifaterlefs. @ first tie layer of a second,
| arger dinension; at |east a second plurality of

flexible fabric plies secured together and secured to
a second tie layer; the first and second tie |ayers

secur 59 . t 0%8 pn%[ﬁod%f &fYiH24 in which the layer is laminated to the cover.

26. The method of claim 15 in which the first tie layer is larger than the

second tie layer and the second tie layer is larger than the plies.

27.  An armor kit comprising:

a number of panels each conforming to a different portion of the inside
hull of a vehicle, each panel comprising:

a first plurality of flexible fabric plies of a first dimension secured together
and secured to a first tie layer of a second, larger dimension;

at least a second plurality of flexible fabric plies secured together and
secured to a second tie layer;

the first and second tie layers secured together;

a cover;

separable fastener structure of a first type on the cover for removeably
securing the liner to the inside hull of a vehicle equipped with separable fastener structure

of a second type; and



separabl e fastener structure of a first type on the

cover for renoveably securing the l[iner to the inside
whedov/oefs4sa vehi cl e equi pped with separabl e f asP@nEg2008/003427

structure of a second type; andseparabl e fastener

structure of a second type securable to the inside

hul | of the vehicle. 28. A spall liner conprising: a

first plurality of flexible fabric plies of a first

di mensi on secured together aﬂi secured to a first tie

| ayer of a second, |arger dinenhsion; at |east a second

plurality of flexjble fabric plies secured topgether. .

and secur egep@@bg é%‘ﬁ’&ﬁﬁ&trt‘?t@rq cgfespgonélﬁxpe( ??éuﬁaggé? B&fﬁaﬂde hull of

second tie layers secured together. 29. The spal

therwshiclef cl ai m 29 further including: a cover, and

separabl e fastener structure of a first type on the

cover for renoveably securing the liner to the inside

hul | of a vehicle equi pped with separabl e fastener

struchgire afspall iaeddehpriéig: 30. The spall liner of
claim29 in which the second plurality of plies are of

the first Eg@ ;Bﬁlrt ﬂriog ﬁin-ﬁ%efallﬁ'W]%lies ok Q%‘Eﬁ Qﬁm&lsﬁ;ﬂe&ﬁ’e(}j together

in which t rs ayer 1s lTarger than the secon

tie | ayer d.the secend tie.layer. is.larger than the
pifacp Ol Ay 1030 P SRR Secn 1l diplelyb gy 27T g

furth i ncl udi t hi l.if f [
er | ngt lgaslt Q%ec%nd piurrglit?l olil Elgxihleyfalg)rgc plle% )ééckallreed together and

secured to a second tie layer; and

the first and second tie layers secured together.

29.  The spall liner of claim 29 further including:
a 'cover, and
separable fastener structure of a first type on the cover for removeably
securing the liner to the inside hull of a vehicle equipped with separable fastener structure

of a second type.

30.  The spall liner of claim 29 in which the second plurality of plies are of the

first dimension.

31.  The spall liner of claim 29 in which the first tie layer is larger than the

second tie layer and the second tie layer is larger than the first dimension.



fabric plies and a third tie [ayer secured thereto and
to the first and second tie layers. 33. The spal
WO 20021005588 cl ai m 22 in which the third plurali tRCD1S2008/003427
flexible fabric plies are of the first di nmension, the
first tie layer is larger than the second tie |ayer,
the third tie layer is the sane size as the second tie
| ayer or smaller than the second tie layer, and al
the tie layers are |arger thaq6the first dinension.

32.  The spall liner of claim 29 further including a third plurality of flexible

fabric plies and a third tie layer secured thereto and to the first and second tie layers.

33.  The spall liner of claim 22 in which the third plurality of flexible fabric
plies are of the first dimension, the first tie layer is larger than the second tie layer, the
third tie layer is the same size as the second tie layer or smaller than the second tie layer,

and all the tie layers are larger than the first dimension.



