1 BLAST AND FRAGVENT RESI STANT PO_YURETHANE BOOT SOLE FOR SAFETY FOOTWEAR
Fi ei'd of the Invention 5 The present invention relates to the
construction of a boot sole, and nore particularly pertains to a new and
i nproved safety boot sole construction to prevent puncturing of the sole by

hi gh ener gy t iles thus affording greater protection
to an indi ngggPRé%o&\%% W@&[ restricting novenent. 10
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sol es descr ijiad tobal hehidkneissabéiny esppﬁﬁuiﬁaeemto.agmnst bl ast and

projectile protectlon when |t is desired to conserve toe-to-heel flexion in
order to en hanadt@mcéare%mmeeEr@tmqpégstvp@late in
| adders, ropd& fecr plastic and
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sol e and thicknesses to prevent puncturing of the sole by high energy and high

: velocity pro:;ectlles has not been mentioned or made feasible due to
problems :|.n r1g1d1ty and bonding.
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i s.gonposed of at |east one woven polyaram d (Kevlar) |ayer, the density of
which is less than or equal to 15 oz per square yard. |ncreasing density
and additional |ayers 15 of woven pol yaram d fibr.es increases the bl ast
and fragment resistance. It is also an object of the present invention to

provi de a bgm ﬁ& Wsi on between the various polyaramd
(Kevlar) |ayers and/or gra | bre-bundles in spite of the poor
intrinsic aghesbest bebvEeNaddiaibally 3halhe HiD6:LSartd! AR {rulfiERESnt adghinae
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form this &Pl P F &8N PINARe #AXdadhERFrARSIEgAensitie Hrfiqpadnlavers of
pol yur et hanmeﬁ’?]é‘faj dotibers &Pﬁﬁe?%e? Hs RJasti Fe’FeSHSSPQEe
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boot sole t ell HeR Aqalha
t enper at ur epe tw E5tRads hgkUsS. Brie SCI’I pt | on
t he Draw ngs The I nvention wl| be better under st ood and obj ects ot her

than those aecording ttOthe imvention) polyevamidEeviar) \mwocogmmr.et fidexiss
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an enl ar ged ivtevwober it thWebetiedr YRt @vatbdrd untodted) polParanidl Aevlar)

vertical cr cﬁbesectoorimprwevadﬁesa.ohomtheen nghea pelyanhneﬂb@nhﬁrrmﬂynfetﬂime
sol e constru@t%hahccordl ng to the present | nvention; Figure 2-Ais an

f-‘n

ity %:;g?f , %%}%?;éf%;we ?‘iﬁzﬁz&aﬁlﬁgﬁéﬁ@a'
a

enl ar ged VI t | e constructlon of ure 3 i.s. a verti c
Cross- sectl n vif eﬁt’t d%ﬁ%’t}gﬁﬁi@ fe;B’Fi"t Fa'ggbe
constructlog Adinte qy Sn “@nt AT ot
vi ew of the soeconstructlon 0 gure 'F|gure3 B is an enlarged view

of an alt er nakbVvaceokr@in®nesd r thé i mﬂvé:ftirdnat adepivenedayerFofUmgndrdl Filstds;
4 is a vert notbbty cexrasdctfibrels or Syglhsa hideshavam peaidciuded £ito the boot

enbodi nent &kleh&osect esngt firei yallcfor dbnoteaticme quadseht honvegassem with
temperatures of between 1500-3000 deg F.
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Figure 4-A is an enlarged view of the sole construction of Figure 4; and
Figure-4-B is an enlarged view of an alternative sole construction to that
depicted in Figure 4-A. 30 Description of the Preferred Enbodi nents A
boot having a first enbodi mrent of the,sole construction according to the

4 present as 10 in Figures 1 and 1-A The
boot 10 hasgﬁéaﬁ%ﬁ%ﬁgﬁ %lﬁgsﬁbﬁﬁ%n 11 and.a conposite sole 13. The
conposite sehg Iy GARI $8318e BlierP AhYbE SLSR AndObE dét 13¢NBY Bnid &dfbse
17, an i nt eg@Rdfcwtth §BoPe W 1lNbécoMd &Ppa eiednaibeyatic ipiwenard Gthe
fibres 18, @&odlbwing odietabbdd y degorippicon stherdd¥. TheSuwbnpdesdreiptdbnat ymakest
sole is nadeefarence thenahnexss idrewanas mmim ch is commnl y used in
t he pol yureth ne shoe solin ndust r‘é’ Theg /or. g ther-base:d
ens y

ol yur et han £ y T“éa i o ot oiail
Itoheyout er (I C?wer§ %tﬁe %§§ tqnat ts d s 10 typically in the

range of 50@igard0PC kgbia%hrn]g 1?9~iﬁsﬁfraft6ﬁgvé{|b&§ndehe 1 OBhowet enefsidbevi@n ok
for the out ehe(Wiolks bosdlimcladéng tihekolegrer(lovepb) waddied apdevbpey sobeeThe
fibre materisdngle layeyd ademodvievanit (Fevdar] |lamsr) isofidudtratieds hembedded ion
the noul d c&¥Wet piddle s;ﬁi-leyaramd (Kevlar) fibre materl al can be precoated

W th pol yester an e
o' SR g e S LSRR RS it
penetration ﬁﬁgﬁ 1a¥)! ab9§£~ed into the no d cavity. The
density of the poI yaramd Iayer 18 is at |least 5 oz per square yard,
preferably ¥igorepktB squdiseayamganfied we!aamoﬁlt;he)’soﬂxe\mnsp@hgglmnsdhowing the
materi al . 2@uter (lower)Tepie; Midkdlposeds .apnd Ynpesr sobe mnsk Eharelagdnsirlase

of bundles &Ff SbryararAded P°&¥6’6ﬂ"b‘é’c ($eviarb ¥8Fe with 70%to 90%in the X

to ¥ directigg,ehhat, is iHéészSlff SBAGE! 3, SHbs10nd GsHLGA 0, 1dEE
t oe-to- heel 61&%00'@?& e kgasSk 8 P )éfi %dhhe Fﬁa\/aﬁﬂéﬁ ohéyefhe
18 is at | ereiO18Verd1 G @owaf&nid/po r) 01 :1 nghesustisat,

7100 der ni etheundtes {ldwert)epolé carith middderseigs.h of 43,000 PSI and rmdul us

19 mllion PSI with a 0.07 |nch di anet er polyaramd fibres. After pl acerrent

of the pol yaﬁimre Rabers 18 I @7‘1\% %ﬁ%ﬁ GPeF
ted§ F B "90 gi' agelg att
ItﬁeI Bjagg gf ot e ol Fﬁl ‘ﬁg’ g?ﬁs%’l i € pol yur et hane

after injectpigurdl2~-p iNto ﬁshﬁnn%éhdé@ el 8f Gttle @RN8 E¥nSrreti080showing
kg/[err]. Dwhel outbe phswr)akols, abiddle polylraidampperntolardhd itheugblative
pol yaram d placeyef Ue gabeddddesilii-leyersi ef qblyeranid tktaevlemer (1 owner)

and sole 14 and i nter madlﬁate zlglfe 15 th thg@é)ol_yaram dla %"ﬁh side Y.
sandw ched | LRL0TS C
S ek Ehp ente. Phof Tk i ey e Br e Fidhs o W&soﬂ

(I over) and gygheengorat £ SalLanléxpdmiedvidw of the sole construction showing

the outer (lower) sole and middle sole, and the relative place of the
embedded thick ceramic cloth in the middle sole.

Figure 3-B : Is an expanded view of the sole construction showing
the outer (lower) sole, middle sole, and upper sole and the relative
place of the thinner ceramic cloth in the upper sole.

Figure 4 : Drawing illustrating embodiment 5. Shows the side view
of the whole boot including the outer (lower), middle, and upper sole.

Pigure 4-A : Is an expanded view of the sole construction showing the
outer (lower) sole and middle sole, and the relative place of the
embedded thick S-Glass cloth in the middle sole.

Figure 4-B : Is an expanded view of the sole construction showing the
outer (lower) sole, middle sole, and upper sole and the relative place
of the thinner S-Glass cloth in the upper sole.
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5 third upper sole 16 can be added on top of the internediate sole for
enhanced confort. In this | at'ter case, the outer (lower) and internediate
sol es 14.15 as described above are left in the nould cavity and pol yester,
and/ or pol yet her-based pol yurethane is injected into the nould cavity,

directly on ?éﬁs?hﬁ%gﬁwoe sole 13 made according
to the abovgg%gtw‘#ﬁi tc*]ﬂ"%rﬁg preferred 0z per square yard

pol yaram d |y &hel &irist @ibeaimse i (pi.oviydioP bhastimraticagnené composite
resi stance tsafe@ygbeot gulej dst mhée vir fa aradiotdrnal afult3SScdges mouldawlsixch is

conserves gesmmppdytusdddn thexpelvunetbadershae godbng industay. j unpi ng and

to cl ear obstacles such as r e I der.s e clinnbin and S e
i o avor o sy B e S et S8 oo e
boot havi ng BeeetPDCAeiiiag S8yt ne LIGE| 85 A000T N At ¢
present invention Is depi cted as 20 in F| gures 2 and 2-A In thIS

enmbodi nent , afitererémdvmlfl ofittthee sopamtichef mmﬂerfemcehemnber Howesddsole,
above, the smleecth3ckalayen ofepolygramid Skevlpn) ywoven matebial rist pipeed onto
i ncor por at ed:hﬁnétle?ﬁ (Iqyer) sole whigh remging c’tfb&hlenmP‘ilb%rCéW&tﬁ the outer

sol e can y e.rs o] p a mg?k o ég')‘u etration
e o Ageatls ot il R ML Al s e
pol yaram d f;l lcﬁ'gpél diiebal 1y%§‘et P¥iot to
Figure 2-A v?éavﬁ_abtlcate the sol e as depicted in Figures 2 and 2-A 2

| ayers of the 25 aram d woven Iayers 18 are_pl aced |nto the noul d
cavity whi cti\qc@lr@éngp% % pe(p;%}gr at:.on
consi st pref 9? e,st'J 2{‘,‘

fibres are p%ﬂ%?lﬁﬁ%a 3%_’1’58 Ik OFe grt%%XaGdO °|rn%‘ b’h’l 8E "c'\?tchn
nore typi cal y, a 0 I nches thick. 30 A pol yester and/ or

pol yet her - bamfié pehyék eigdagaramid Naayelh estsfbrably acoiResi t6f shwrdsese of
noul d cavi t \yodlyaramidt e ewbafodt ower lenol wedvdeswtbht 10$-90% in EheleRsitoy Y
i s typicallydinecthenr & ofs 380 pepd2Cabak dg/q doet-torhesk) .+ cdy A0-30% t e thep
pl ate of théZC}ﬁJ‘GPdhﬁﬂ Irecsiony (Iower) sole 14 a further 3 layers of the

sane pol yar oy |a£ %l; 5@ (Haqlntoél'l_'eoge

(T over) soﬁ"‘l‘ﬁg ﬁ%h&fﬁﬁ’é et b I BT
the 5 oo pBY! &%&uau 1o mﬁnbﬁgﬁsﬁ W QS 1(RI07aRACH! diameter
po-l yet her-baﬁﬂ@aﬁainyarﬁm is injected into the nould cavity to formthe
I nternmedi ate sole 15 such that the pol yurethane has a typical density of <

1000 kg/n[ erArq tiDfe stagehea pepliesheron agd/phe DEdY tﬂnen%sedu @péymhmm

(1'over) y:ﬁé‘%{%}ﬁ%ﬁ?@ 1@'3%%9% s e

sandwi ched in age, the pper portion 11 can be di rectIy

attached to ol 9| yhéepbaseraigosof ethel polputéifnesi it Of aridier it @h the
(1 ower) and poliyaremild alayesnigendlddidsion ‘dst Achileved fmtweeh ythietidutes {bbwerd)o
can be incl wstiniddlendrlassdwithf the pollyasainid Thyer asshdeiaikd jinabéweeny
the outer and igtermedl ate soI es (made by .the process_above) to remain in

the mould o 3 080 omrlsgnéwﬁﬁ%ger it A e

th:.rd, upper sole can be added on top of the middle sole for enhanced
comfort. In this latter case, the outer (lower) and middle soles as
described above are left in the mould cavity and polyester- and/ox
polyether -based polyurethane is injected into the mould cavity,
directly on top of the middle sole. N
A shoe sole made according to the above method with the prefered 15 oz
per sg yard polyaramid layer is effective in providing blast and
fragment resistance to 60 grain projectile with a velocity of 1350 fps.
It also conserves good toe-to-heel flexion in order to enable running,
jumping and to clear obstacles such as rope ladders, rope cl:mb:.ng,
small steps etc, while avoiding the peeling apart of the sole in
subsegquent use.
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pol yuret hane onto the internediate sofe 15 A shoe sole made according to
t he above.method is even nore effective in providing blast and fragnent
resi stance than the first enbodi ment due to the nultiple 20 - pol yaramnid
| ayers. In a third enbodi ment of this |nvent|on t he poI yararrid Iayers 18
as described in relatlon to sol es deplcte

“ntervoven % gg,sef* r cbaonin e SHE el i eers ot
sanme manner g |n & woven po yarar

pol yest er (IB res as t e advant age 25 of further increasing the . -
adhesi on of mbepawmahaaﬁemtoensabtt;sréﬂmabmiaemm@myaymm)fmarsﬁsﬁso 01 .
bei ng due t dnchediatetiersi walréy tgetheor tadfmes anlepenesh a]bohyuﬁ Ahamehend
polyester. In a fourth errbodl rrent of thls |nvent|on t he ramd Ia ers
18 as descr Tl?@dPPﬁY?Wee‘e FeF v%%% %%;ggn
graphite f| Eﬁ“ﬁ{@ %a‘@‘ﬁ'%lhge %%% )

and nodul us ion B Sole I'ng na e I n t e sane
manner as dmerb@&noa\mvef the Eoﬂ Iiﬂauéeof)fthleﬁh@ﬂﬂ)‘feﬁ 18 babegr @piwek® sole,
fibres has tah€uathenRagelafersiof hehe isanecpsiveayagtide (Kel aan) dweverf imtssiahas
of i nprovi ngmbedded cintiy gheeoutier d41pwerhedolenBsdplagad opterehe wuseri blower)
depi cted ge®olgl Whieh repainsHRy jhe; basgnaf She BOYLdsErFELEY3 i s made as

descri bed alg&vq__ @Ceégﬂ{gtehaa:[ e@qgk“ a grl B etﬁ‘Iebea 5 & e i
fibres of climgst Do &mﬂ% é e&.é% 2bepcl YSIERARe 1o
i nt er nedi at @ s1QueetBand MR sWaV@fbi‘(ﬂlambﬁs tPrer <ayeoo|ﬁgm3eferabl y conprised
of 0.05 inch d| aneter ceranmc fibres ith 70%to 90% of the ceramc fibres

bei ng woven Hug_!t (o 1:) Ch@v@@@@tmtﬂoencpﬁ/\em palyurethayediingot qu};%?ug]?g W;il;é
(per pendi cukR&: Y@égs%é ex; go ’j& 3
ceranic fibrd@d P4 St b’lg FF@ﬂfdﬁ‘g’I?rFaﬁﬁ?g’?’}hé%éﬂd%%tvf%he
| nt er medi at §,;Seh§gaBPYGe | *E‘fxepﬂbéférc?éﬂ b ?)élaéﬁiy | #takchsd €8 e

3-A). In an ER8E T 361 A CEAPEESRIY of2End RRitere(1bwel) Guteniadie & n or a
(0.025 i nch)cmeapoapperlmureehaﬁerme:/quﬂ W daclludié bfexs qeheedbbymfort.
consi sting dhist asdackidiedi bycal bowingutiiecouter Endmiddiiedsokes Hmadepey the

sol e 16 15 process abpyve)eprenain injche poptd cayitviand ieceing pelvester-
cerani c/ pol ya‘\n&ﬁ"ﬂ Prbratdessbased Rolygrephe Aiton thgafidle8P1l§asses, with

a te”perat“ gl o }@fﬁg 85665 Qrlovelietidd 1% E@Sn‘ﬁfi{r% QEESétwe
duration Of 8%&@%5:3% %e Bgﬂéi bs@f ég VERH | Al1t fple
| ayer of corpmgyla& a@s_:ﬁ:sfl bres can be added into the m ddI e or upper

sole 14, 15 (see Figures 4, 4-A and 4-B). 20 A layer 41 of 0.05

i nch di amet dn caerfahnn% fenhoddmenk cpf Thist @gﬁ%gﬁ; ot rtéuespv?@assmm b]ég?% ﬁ?

woven i nto \M’@g I‘ n a

the toe-to- m B\fﬁﬁzhlﬁo%g% %b%ht?f Samey @?%@ﬁrmﬂi
rrectiron, I S

t oe-t o- heel edded in the internedi ate sol e above the

pol yaram d (Mg hie) okfaiﬁtéﬁ)ov& pbilgaranits And Dol9eBseél VEdnr) FibBLBNRis the
(0. 025 i nchladvapeagd? off fifrther S-ifceeasindr ehe padhesidi yohathey polytsaticte
bi - di rect i om@tegitiltovthecrbadded mrtedtdde ilayends hppdnesm théGintFigaieally
4-B). The bodwesdpe adhesignobpbvesn Rplyneethang apd polyesken. bres 41, 42
allows for protection against hot gasses with a tenperature resistance of

815 degree Cﬁl o Ufolix‘ﬁx embodiment of this invention, the polyaramid layers as
described in embodiments 1, 2 or 3 are interwoven with carbon graphite
fibers having 12K TOW and a tensile strength of 470,000 PSI and modulus
of 35 million PSI and the boot sole is made in the same manner as
described in embodiments 1, 2 or 3.

The use of interwoven carbon graphlte fibers has the advantage of
further increasing strength and stiffness and of improving wear
resistance.

In a fifth enmbodiment of this invention, the outer (lower) and middle
boot sole are made as in embodiments 1-4. 1In addition, a layer of
composite ceramic/polyavimid f:Lbers is included into the middle or
upper sole.
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the very bri ef duratron of the blast. 30 - As to the manner of
usage .and.operation of the instant invention, the same.shoul d be apparent
fromthe above di sclosure and accordingly no further di scussion 8
relative to the nmanner of usage and operation of the instant invention
shall be provided. Wth respect to the above descr |on

SRR ke g Mo R

shape, ‘fo N, irASEREOmYdaTel H6Ee abev eghed
readily appﬁamraaﬁ@ Olpxéwlir )t 0189er &K | I(g]jc;l n 3tAg. arthe athiml [(0e02$ vadneh)
rel ati onshi pempesiteosayielrl oft caraulicpdliyevimddi fifjseran dmferabliedconsishe of
speci fi cat i ohsndaxnd ihiddmectionalaeaneorpdsie enbpddad i dhentpPay el FIG.
Ther ef or e, ?hE’for egoing is considered as ill ust rat ive only of the

princi pl es oot n'?:" bl 91% Wbk B s 8 o dPBfll £ 55ty Famia
and Changes A_ﬁéﬁ i Cilro chl'iil '{i"ﬁ t Ngddesdr %ﬂ:h astgﬁﬁerature
desired to ésiét df\/@@bboﬂeéﬁeé & emettngoeﬁ syt Wrididdepetidn @ the
shown and dpiastbed and accordingly, all suitable nodifications and

equi val ent s may be resorted to falling within the scope of the invention.

9 CLAIMS 1. nt resr st ant ol yest gr o r)set hg&l bas eg
pol yur et hané® %0?1 e oo
characteri s 89?&32 MEoad] 1gat&£1%§ ﬁgﬁ %g % Pé °°‘1“’°S“'8

I s conposed o? | east one woven poly ar amd (KevI ar) Iayer
density of wheqthzrcsceh:eesos Iiaahocremttial finm:’waherqaero QQ&Mtharsi-Glass fib'éhrs
sol e accor diwogen dntloaa mrbwiobtrer fleno semvienin ltde X+¢ ddrbetition) (perpendicular
consi'sts of tenthe moektpohgelr sirect ken) an mrmr-agtrof SnElasgs iﬁéﬂr%§ ¥t the
vihich is at tpEagcp- on are embeédded in the niddle sole

s SR R i e

’I

i ncl udes at di¢
| ayer being Iess than 0. 06 i nches, bonded together by the pol yurethane
materi al . 1%he bdot sol'eemmmca:m:andr bhis ocaompogite dhyekeofibSv@lasai fibers -
char act er i s@d1pvstfinn prave¢iviom paaiest hotcgassamwith iy t?me?ﬂ‘g@r yesistance
(Kevl ar) | apdrd.30Q q%r@reﬂovenf%' tHhep¥ryr oiel gpratien Qs thgqblast e

pol yaram d fibrgs, r?i%abﬁeﬂ' df Eédai‘n‘ﬁtébé}%\' ﬁtgf &I&d R&t%% 3&%8&3&8?5

pol yur et han& pES ghotifa V& Vigih the é’aﬁi

of the aboveguetAesmil ea%&rxreie wa ‘dhehet Iaehe d%ﬁéralﬁmrbﬁlﬁlﬁ
the pol yar adindtéievirrentiioneshall de Drevi@s®n Wit h car on graphite fibres.

6. The sol e according to any one of the above clains characterised in
t hat. the 25With m&om@rm drgcrintion them: dnds| hodpe geaiifed fhat

bres 7 ke Tapenon: 5 Chdtide’ Crdrhen e e el o e g of

manner of operation, assembly and use, are deemed readily
apparent and obvious to one skilled in the art, and all eguivalent
relationships to those illustrated in the drawings and described in the
- specifications are intended to be encompassed by the present invention.

Therefore, the fore going is considered as illustrative only of the
principles of the invention. Further, since numerous modifications and
changes will readily occur to those skilled in the art it is not
desired to limit the invention to the exact construction and operation
shown and described and accordingly all suitable modifications and
equivalents may be resorted to falling within the scope of the
invention.
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of ceramc¢ fibres. 30 8. The sole according to claim6 characterised
inthat the mneral fibres consist of S-dass fibres. 10 A"””LHJ ulﬂﬂ"m,”",
AND FRAGVENT RESI STANT POLYURETHANE BOOT SOLE FOR SAFETY. FOOTMEH

bl ast and fragnent resistant polyester or polyether-based pol yure‘i hane "bodt *

sole-is descyibed ri.;sing enbedded protective nmaterial conposed of at

| east one m%@ﬁ—b%»%é%&evl ar) layer. 10 10 FIG 1A 14 20 /3 16

3/4 15 FIG 33 17_A p143t and fragméﬁé resistent polyester- or polyether-based
polyurethane boot sole comprising embedded protective material
characterised in that the material is embedded through the entire sole

and is composed of at least one woven polyaramid (Kevlar) layer. The
density of which is less than or equal to 15 oz per sqg yard.

2. The sole according to claim 1, characterised in that in the
embedded material consists of only thick polyaramid (Kevlar) woven
layer, the thickness of which is at least 0.07 inches.

. 3. The sole according to claim 1 characterised in that the embedded
material includes at least 3 polyaramid (Kevlar) woven layers, the
thickness of each layer being less than 0.06 inches, bonded together
by the polyurethane material:s

4. The sole according to any given one of the above claims
characterised in that the polyaramid fibers comprising the polyaramid
(Revlar) layers are interwoven with polyester (PET) fibers and/or the
polyaramid (Revlar) fibers are thinly coated with polyester— and/or
polyether-based polyurathane prior to weav:.ng._

5. The sole according to any given one of the above claims
characterised in that the polyaramid fibers comprising the polyaramid
(Revlar) layers are interwoven with carbon graphite fibers.

6. The sole according to any given one of the above claims
characterised in that the embedded materials include at least one layer
of mineral fibers.

7. The sole accordmg to claim 6 characterlsed in that the mineral
fibers cons:.st of ceramic fibers.

8. The sole according to claim 6 characterised in that the mineral
fibers consist of S-Glass fibers.
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