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MODULAR TURNOLUT GEAR

Priority

This application claims priority under 35 ULS. Code § 119 to U8, provisional
application serial no. 61/863,305, filed on August 7, 2013 and entitled “MODULAR
TURNOUT GEAR, the contents of which are hereby mcorporated by reference w their

entirety.

Field of the Invention

Aspects of the wmvention relate to protective clothing and, 1 particular, to a jacket
that 13 suitable for use in techaical rescue meidents in a fist configuration as well as

bewng suitabie for use n structural firehighting in a second configuration.

Backeround

cage i a wide variety of acthivities

{
_

Firefighters and other first responders may en
associated with ditterent levels of nisk. Frequently, responders are exposed to a variety of
hazardous conditions such as flame, smoke, and high heat. Clothing used by sach
professionals may be designed to protect agaimnst one or more of these specific condifions
in addition to being abraston resistant, chemically resistant, and waterproof

In eftforts to mmimize nsk, orgamzations such as the National Fire Protection
Association {(NFPA) provide standards for the clothing ihat fwrelighiers and other
responders wear while perfornmng various activities. By way of example, standard
NFPA 1951 ideniifies design and performance critersa for garments that are {o be used
technical rescue operations, mctuding separate enterzal for utility activities and rescue
and recovery activities. Sinularty, standard NFPA 1971 1dentifies design and
performance criteria for garments that are to be used 1in structural firefighting, including
separate criteria for structural firefighting, proximity firefighting, and Chemical,

Biolowical, Radiological, and Nuclear (CBRN) activities. When structural firefighting,

responders are enpaged i firefighting within enclosed spaces with excessive heat and
flashover risks. The BEuropean Union has also established standard EN 469 that defines

criteria for clothing worn by firefighters and other responders.
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Sunumary

In one aspect, a firetighting ensemble 1ncludes both a jackel and a vest to be worn
together. In many embodiments, the vest 1s worn over the jacket. The jacket mcludes
sleeves and a torso portion. In some embodunents, the sieeves of the jacket exhibit a
minium Total Heat Loss of 205 W/m® while the torso portion exhibits a minimumm Total
Heat Loss of at least 450 W/m”. The sleeves can exhibit a Thermal Protective
Performance score of at least 35 while the torso portion of the jacket can exhibit a
Thermal Protective Pertformance value of less than 33, In another embodiment, the torso
portion of the jacket has a thermal protective score ot at feast 10 but not more than 35,
The jacket may include a liner that has a moisture barrier and/or a thermal barrier laver,
stuch portions located in the sleeves may be removable. The jacket also includes an outer
flame-resistant laver, on the sleeve and/or the torso portion of the jacket

The vest includes a torso portion, 1s interoperable with the jacket and in some
embodiments 1s worn over the jacket. In combmnation with the torso portion of the jacket,
the vest exhibits a Thermal Protective Performance score of at least 335, so that the
ensembie of the vest worn with the jacket provides a Thermal Protective Performance
score of at least 35 m both the arms and the torso portions. In some embodiments, the
vest may include a drag rescue device. In some embodiments, the vest includes cuiis that
attach to the torso portion of the vest and may create a thermal seal when placed over the
tacket.

In some embodiments of the mveniion, the jacket when donned without the vest
can meet the NFPA 1951 standards, and when worn 1n connection with the vest can meet
the NFPA 1971 standards. In other embodiments, the vest and jacket together have a
minimum Total Heat Loss of at least 205W/m*. In further embodiments, the vest and
jacket together bave a Thermal Protective Performance score of at least 33,

The subject matter of this application may involve, 1n some cases, interrelated
products, alternative solutions to a particular problem, and/or a plusality of different uses
of a single svstem or articie.

The present invention 1s not intended to be himuted to a system or method that

must satistyv one or more of any stated objects or features of the mvention. i 1s also

ot
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impartant {0 note that the present invention 15 not imifed fo the exempiary or primary
embodiments described herein. Madifications and substitutions by one of ordinary skl

in the art are considered to be within the scope of the present invention.

Brief Description of the Drawines

In the drawings, different eribodiments of the mvention are ustrated n whichs

FIGS. 1A and 1B provide front and rear views of one embodiment of a jacket;

FIGS. 2A and 2B provide front and rear views of one embodiment of a vest;

FIG 3 1s a front view of a combined jacket including the jacket and vest of FIGS |
and 2, respectivel v,

FIG. 4 15 a cross-sectional cutaway view of the outer layer, moisture barrier laver,
aud thermal laver of one embodiment:

FIG. 5 18 a cross-sectional cutaway view of a thermal barnier and a mosture
barrier within one embodiment of a jacket or vest; and

FIG. 6 15 a flow chart 1llustrating one embodiment of a process for using some of

the turnout gear described herein.

Detailed Description

Described herem s moduolar garment that includes a sleeved jacket and a vest that
may be used by a first responder. The sleeved jacket 15 constructed for use 1n some
eniergency circumstances, inciuding technical rescue operations, and may satisty some or
all of aspects of associated garment standards {e.g., rescue and recovery aspects of NFPA
1951 andfor EN 4069} Portions of the jacket, including at least portions of the sleeves,
may be constructed to satisty more stringent garment standards, such as those for
structural firefighting. A wvest that, taken alone, may not satisly garment standards {or
structural firefighting may be worn 1n combination with the sleeved jacket to produce a
combined jacket suitable for use 1y structural firefighting and that may satisty associated
parment standards {e.g., structural firefighting aspects of NFPA 1971 and/or EN 469).

Garments that are used in structural firefighting tend to be bulky and cumbersome
and tend to retain body heat of the responder. Typscally, such garment designs include an

abrasion resistant outer shell, a mossture barvier, and a thermal barrier. Performance

fad
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related aspecis of structural firefighting garment standards {1.e., struciural firefighiing
aspects of NFPA 1971 and/or EN 469) indicate a mmmimum Thermal Protective
Pertormance ( TPP) score of 35 and a moisture barrer laver minmium water penetration
resistance of 25 pounds per square inch. Garments satistying these criteria often retamn
body heat of the wearer, as 1s reflected in the 205 Watls per square meter mummuom Total
Heat Loss crteria of the NPFA 1971 standard. For these reasons, responders often prefer
not to wear structurat firefighting protective clothing when performing more routine
emergency activities, such as technical rescue operations or when responding to motor
vehicle accidents.

Technical rescue clothing, such as 15 associated with rescue and recovery aspects
of NFPA 19631, 1s typcally less bulky, altowing for greater mobility and/or breathability
while also affording a responder adequate protection for most tasks that he or she may
encounter. Typically, technical rescue garments include an abrasion resistant outer shell
and a mosture barrier, but lack a separate thermal barrier. Lower thermal protection
criteria {e.g., 10 Watts per square meter indicated by NPFA 1951) and muntmum water
peneiration resistance {e g, none indicated by NFPA 1931}, among other criferia, enable
Total Heat Loss critenia for technical rescue garments {0 be higher than equuvalent criteria
for structural firelighting garmenis. By way of example, NFPA 1931 indicates a
mmsmu Total Heat Loss value of 450 Watt per square meter for garments used
rescue and recovery aciivities, which provides greater breathability than the mmimum
Total Heat Loss value of 205 Watts per sqguare meter indicated by NFPA 1971 for
siructural hrefishting activities.

Although vanous embodiments are described heremn wiih respect to use by first
responders, such as firefighters, it s to be appreciated that aspects of the imnvention are not
himited m this respect. Varnous embodiments of the garments described herein may be
stitable for use by persons engaged in other activities, particularly where exposure or
potential exposure to fire, Hame, or excessive heat 1s mvolved. Some non-limiting
examples of such activities include kiln operation or maintenance, and nulitary operations
where mibitary personnet may be exposed to fire andfor flame.

Turn now to the Figures and mubally FIGS. 1A and 1B that show, respectively, a

front view and a rear view of one embodiment of a jacket 100 that may be used in rescue
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and recovery activities. The jacket includes a torse portion 102 and a lett sieeve 104 and
a right sieeve 106 that each extend from corresponding portions of the torso portion.
Pleats or gussets 116 are positioned undemeath the junction between each sleeve and the
torse portion io provide increased freedom of movement. Each sieeve ferminates mna
wrist cuff 112, One or more closure mechanisms 122 extend operatively to jom left and
right sides of the torso portion of the jacket. A collar 108 extends upward from a neck or
the torso portion 102 to provide protection for the neck of a wearer. The jacket 100
sacludes a back portion 120 that extends downward from a rear of the torso portion 102,
as shown in FIG. 1B,

A vest that may be worn it combination with the sleeved jacket of FIGS. 1A and
1B, accordmng to one embodiment, s shown m FIGS. 2A and 2B, The vest 200 mncludes
a vest torso portion 202, a left arm hole 208, a nght arm hole 210, Other embodiments of
the vest 200 include short sleeves or sleevelets (not shown) that may extend as far as to
the elbow of each arm of a wearer. Each of the left and night arm holes mcludes an arm
cuff 214. One or more closure mechamsms 204 operatively jown left and right sides of
the torso portion of the jacket. A vest collar 212 extends upward Irom a neck area of the
vest 208, Figure 3 shows the vest 200 positioned over the sleeved jacket 100 of FIGS.
1A and 1B as a combined jacket 300, or equivalently, a jacket ensemble.

Each of the sleeved jacket 100 and vest 208 may include an outer shell that
provides some thermal protection, fire resistance, abrasion and/or wear resistance, among
other aspects. As shown in FIGS. 1A and 1B, the outer shell typically covers a majority
of the exterior surface of the jacket. Simularly, an outer shell covers the extenor surfaces
of the vest according to many embodiments. A liner 22 that mmcludes a mossture barrier
18 and/or a thermal barrer 20 mayv e mside of the outer shell 110 i erther the sieeved
tacket 100 or the vest 100, as shown 1n the embodiment of FI(r. 4 discussed in greater
detall below.

According to many embodiments, shell material for both the jacket and the vest 1s
selected to be suitable for use i both rescue and recovery and in structural firefighting
activities, satisfving each associated standard. This mayv include varnious criteria mdicated
by NFPA 1971, such as tear resistant up to values of 22 pounds force and tensile

strengths of 140 pounds force or higher. This may addstionally mclude some critenia

1.
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indicated for rescue and recovery activities that are more stringent than for structural
firetighting activities, such as nunimuom abrasion resistance of 30 pounds torce and
mnimum waler absorption of 13% or less specified by NFPA 19351, as compared (o no
minimum abrasion resistance specified and a mimimum water absorption of 30% or less
spectfied bv NFPA 1971, Examples of matertals from which an outer shell may be
constructed mnclude, but are not hmited to, meta and para-aramuds (NOMEX and
KEVLAR), polvbenzinudaxazole (PBI), polvbenzobisoxazole (PBO), melamine
(BASOFIL), and blends thereof. Some examples of material trade names include PBI
MAX {TRADEMARK) and MULINEIA XTL (TRADEMARK).

Portions of the outer shell 110 of the sleeved jacket 100 that are covered by the
vest 204 when the combined jacket 300 15 configured for structural firetighting may be
coustructed to be suitable for rescue and recovery, rather than structural firefighting,
according to some embodiments. As 18 to be appreciated, the outer shell surtace of the
combined jacket 300 eftectively includes the outer shell of the vest and portions of the
sleeves 104, 106 of the sleeved jacket 100 that are not effectively covered by the vest
200 This may enable poriions of the sleeved jacket that are covered by the vest, such as
poritons of the jacket torso 102, to be construcied for rescue and recovery activities rather
than stroctural hrefighting activities. Among other differences, these portions of the
sleeved jacket 100 may exhibit a lower tensile strength, such as a mimmuom valae of 90
pounds force mdicated by NFPA 1951 for garments used in rescue and recovery.

A moisture barrer that prevents or inhibits the ingress of hiquids and/or vapors
may be icorporated 1nto the sleeved jacket 100, In this respect the sleeved jacket may
mclude a moisture barrier as indicated for rescue and recovery activities. Additionally,
the combined jacket 300 may relv on the same moisture basrier of the sleeved jacket to
provide sustabiity for stractural hirefighting, at least insofar as the inclusion of a moisture
barrier 15 indscated. In such embodiments, vest 200 mayv be constructed without a
moisture barrier.

To promote breathability of the sleeved jacket 100 when worn without the vest
200 for rescue and recovery, the moisture barrier in postions of the sleeved jacket 100
that are operatively covered by the vest mayv be constructed to be suntable for rescue and

recovery rather than structural fuefighting.  Higher water penetration resistance (e g., 25

§
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pounds per square inch indicated by NFPA 1971), among other criteria, may be
associated with structural firehighting. Moisture barriers that satisty such siructural
tirefighfing critenia may be less breathable. Thus, according to some embodiments,
improved breathability for technical rescue may be obtamned by constructing the jacket
100 and vest 200 such that some or all of a moisture barrier or features that enable
suttability for structural firefighting, nsofar as a moisture resistance 15 concerned, are
ncluded 11 the vest rather than the torso portion of the sleeved jacket.

Moisture barners used in etther the sleeved jacket 100 and/or vest 200 may be
formed of various materials. By way of example, moisture barriers may include woven
and/or non-woven matenals such as membrane films. The moisture barner 18 may
nclude one or more lavers, for example, the moisture barrier 18 mayv be a lamunate
comprising a backmg matenal or support laver lamnated to a layer of senu-permeable
membrane material and may also include an abrasion resistant matersal. Different lavers
may be affixed together by, for example, an adbesive or lamnation. Some examples of
poivmers that may be useful as adhesives include polyurethane, natural latex rubber,
nitrile rabber, silicone rubber, butyi rubber, fluonnated rubber, elastomeric copolymers,
copolyether polvester, polvester, ethylene vinyl acetate or polyamide,

According to some embodiments, moisiure barriers may inciude selectively
permeable materials such as semi-permeable or "breathable” membranes that are water
vapor permeable, and may be tlame resistant. Selectively permeable materials can
mclude, for example, polyurethane, polytetrattuoroethylene (PTFE), polyester, polyether,
poivamide, polvacrylate, copolyether ester and copolvether anudes. Some preferved
breathable membranes include expanded PTFE such as described in U8, Pat. No.
4,187,390 which 15 hereby wcorporated by reference heremn. Other non-limiting
examples of matenals that may be used in one or more lavers of 8 moisture barrier 18
mclude aramids such as NOMEX and para-aranuds such as poly para-
phenvieneterephthalanude. Some additional trade names of moisture barriers that may be
used include STEDAIR GOLD (TRADEMARK) and CROSSTECH BLACK
(TRADEMARK)

The steeved jacket 100 and/or vest 200 may include one or more thermal barrers

to provide thermal protection bevond that associated with a shell and/or mossture barner.
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Generally speaking, structural firetighting garments include thermatl barriers while rescue
and recovery garments do not. Thermal barrers may be incorporated 1nto a jacket 100
and vest 200 1n a manner that allows the jacket 100 to be suitable tor use 1n rescue and
recovery when worn without the vest 200 and that aliows the combined jacket and vest,
when worn together, to be suitable for use w structural firetighting.  As a reference.
NFPA 1931 dentifies a Thermal Protective Performance (TPP) score of 10 for rescue
and recovery garments while NPFA 1971 indicates a TPP score of 35 for structural
firefighting garments.

Portions of the sleeved jacket 100 that do vot overlap with the vest when worn
together may include thermal barniers to provide sutability for structural firetighting
when the jacket 15 worn with the vest 200 These porfions mav include sleeves 184, 106
of the jacket 100, Other portions of the sleeved jacket 100 may lack thermal barmers or

nclude thermal barners that provide less thermal protection. Ta thus regard, breathabiluy

£

may be tproved, such as for rescue and recovery activities. As 1s to be appreciated,
standards for rescue and recovery activities indicate hugher breathability (NFPA 1951
mdicates a mimmuam THL of 450 Walits per square meter) than standards for structural
firefichting (NFPA 1971 indicates a mmnumum THL of 205 Waits per square meter for
structural firefighting activites).

When used, thermal barniers are often incorporated mto a liner of a garment. By
way of example, FI(r. 4 shows a liner 22 i{hat mcludes a thermal barner 20 and a moisture
barrier 18. The hiner 1s attached to the outer shell 110 of a sleeved jacket by threads,
alibough other altachments are also possible and are contemplated. An alternate
arrangement 15 shown m the embodiment of FIG. 5 where a moisture barrier 18 15 split
mto muitiple lavers, some of which are be disposed on opposing sides of a thermal barrier
20, In FIG. 3, the thermal barnier 20 includes a first thermal barrser laver 207 and second
thermal barrier faver 207, Simudarly, the moisture bayrier 18 15 divided mto a first barrser
faver 187 and a second barner faver 187, As shown in the emabodiment pictured in FI(G 3§,
the first mossture barner 187 and second moisture barrier 18 are separated by the first
thermal barrier faver 207 and second thermal barnier faver 207, In FIG 3, the layers are

shown to be secured by binding 135 and threads 17 and 19, although other attachments are
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also possible, mcluding adhesions and mechanical fasteners, such as snaps, and hook and
ioop tvpe fasteners to name a few,

According (o one embodiment, thermal barriers are positioned within sieeves 104,
106 of jacket 100 as part of' a liner 22. The liner may extend throughout the torso portion
102, inciuding a maisture barrier 18, but without a thermal barrier 20 or with a thermal
barrier offering less protection than in the sleeves. A vest, according to the same
embodiment, may be constructed of an outer shell and a hner that includes a thermal
barrier, but that lacks a moisture barmer. Such a vest may cover areas of the sleeved
tacket that lack a thermal barrier andfor that lack thermal protection suitable for structural
firefighting activities. o this manner, the combined jacket 300 may be suitable for
structural firefightimg, while either of the sleeved jacket or the vest would not be surtable
for structural fivefighting when worn 1adividually.

A liner or a portion of a liner may be removable from the outer shell of a jacket or
vest. According to one embodiment, thermal barriers that are positioned withun the
sleeves of a jacket 100 may be removable. In thus respect, sleeves 104,106 of a jacket
may be configured to provide greater breathabilsty (1.e, higher mmimum Total Heat
Loss}, which may be preferable by some responders under certain circaomstances, such as
daring rescue and recovery activities or activities where excessive heat and {ire are less of
a risk. According to some embodiments, thermal barriers of the sleeves may be attached
to the liner and/or the shell by lasteners, such as snaps, zippers, hook and look {asteners,
buttons, and the like, that may enable removal and reinstallation. It 15 to be appreciated
that not all embodiments may include removable thermal barriers 1n sleeves of the jacket,
and that, according to some embodiments, such thermal barriers are installed
permanentiy.

Thermal barriers may be constructed in a variety of ways and [rom a vanety of
materials. By wayv of example, thermal basfier 20 may be constructed from a
NOMEX(TRADEMARK) face cloth quilted to two lavers of a 70% NOMEX-30%
KEVLAR {TRADEMARK) composite. The thermal barrier 20 may alternatively
comprise a NOMEX face cloth quulted to a 100% NOMEX batting. The thermal basner
20 may include a thermally reflective surface. A thermally reflective surface may be any

appropuiate thermally reflective material, such as a metalized matenial. For example, the
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thermally refieciive material may be a substrate supporting an alumimzed film. The
substrate may be a flexible matenal and in one embodiment the subsiraie 15 a
combination of polvbenzimidazole (PBI) and poly-paraphenviene terephthalamide, for
example, {(KEVLAR TRADEMARK). In a turther embodunent, the substrate may be
about 33 percent PBI and about 67 percent meta~aramid and weighupto 2.3, 4, 5,6, 7,
8, or more ounces per square vard, mcluding all weights 1o between the iategers histed. A
substrate in a thermally reflective material of the invention can be a knit, woven, or non-
woven substrate. The thermally reflective maternial can be applied to the subsirate using
any suitable means, wcluding, but not limuted to: coating, lamination, impregnation,
casting, or depositing ou the substrate. The thermally reflective material may weigh, tor
example, between 0.25 ounces and 2 ounces per square vard, including ali weights
between .25 and 2. In some emboduuents, the sleeves mayv include a thermally
reflective layer that may be absent in the torso. Some trade names of thermal barmers
that mayv be used mclude GELIDE GOLD (TRADEMARK) and QUANTUM3D SL21
(TRADEMARK)

Sleeves 104 and 106 may be formed 1n any known pattern, meluding set-in,
kimono, two-piece, or raglan. In one embodiment, sleeves 184 and 106 are formed 1n a
modified raglan pattern, with each seam extending from collar 108 o wrist cuff 112 as
shown it FIG. 1. In such a sleeve conliguration, a thermal barrier layer may extend from
each wrist cuff 112 to collar 188, There may be additional thermal msuiation added at
the intersection of sleeve 104 with collar 108 and sleeve 106 with collar 108, Pleats 116
under the arm may aliow for exira rotational movement of the arm without reducing the
protective charactenstics of the sleeve, For exampile, pleated thermal barrier laver
material may be included so that adequate thermal barrier protection 1s provided when the
arm 1s extended upwards. As shown in FIGS. 1A and 1B, lower back portion 120 may
extend lower than does the front of the jacket. This extension can provide for extra
protection when the wearer bends forward which typically forces the jacket to shde
upwards.

Sleeves of the jacket 100 mayv include wristers 112 that provide protection at an
mterface with gloves that may be worn by a responder. Wristers 112 may be of

conventional construction and mav be constructed from an slasticized fabrig, stretch
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woven fabric, or knit fabric such as kit NOMEX aramid material, as may be sustable for
structural tirefighiing.

The vest may include arm cutts 214, Such arm cufls 214 may be analogouns to
wristers in g jacket and may help provide suitalniy tor structural tirefighting. Arm cuftfs
214 may be constructed from an elastic fabric, such as elasticized NOMEX. Such an
elastic material can prevent hot air and liquids from nfiltrating at the intersection of the
tacket and vest and in this respect may provide a thermal seal. As discussed m greater
detail herein, some embodiments of the vest may include sleeves that extend to as low as
the elbows of a wearer. In such erubodiments, the sleeves of the vest may be elasticized
along most if not all of the length of the sleeves to promote thermal sealing therebetween.

The collar of the jacket 108 and the collar of the vest 212 may be constructed to
be suitable tor at least technical rescue and structure firefighting, respectively. According
to one embodiment, the jacket collar 108 has a height of about 2 inches or more,
providing sugabuity for rescue and recovery activities. The collar 108 may optionally be
lined with comfortable, non-abrasive fabric, such as syuthetic fleece. The collar 212 of
the vest may have an increased heighi, as compared to the jacket collar 108, According
o sonie embodiments, the vest coliar 212 has a height of 3 inches or more, as indicated
by NPFA 1971 for structural hirefighting activities. In this respect, the vest collar 212
may provide surtabtiity for the combined jacket 300 when the vest 200 15 worn over the
sacket 100, According to other embodiments, however, the vest may lack a collar
altogether while the sieeved jacket mcludes a collar suitable for structoral fwehghting and
rescue and recovery activiiies, such as by having a heighi greater than 3 inches. Either
the jacket coliar 148 or the vest collar 212 mav include a closure that is separate or
mtegral with a closure of the corresponding jacket or vest.

The front portions of each of the jacket 100 and the vest 200 may be outfitted with
a closure 122, 204, Such closures may include, for exampie, hook and loop tvpe
tasteners, snaps, zippers, hook and dees, and the ke Closures 122, 264 may mclude
multiple stages, tor example, a zipper can be used that 1s covered with flaps that can be
snapped 1 place to shield the zipper. Closure mechamisms 122, 204 can extend from top

to bottom of the jacket or vest, or may include multiple sections that each extend between
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different portions of the vest. The closure can be gas and tid tight to prevent the
mirusion of gases or hiquids, according to some embodunents,

A drag rescue device may be incorporated mto either the jacket 100 or vest 200 so
as to be accessible when the combined jacket 300 15 worn for structural firefighting. By
way of example, the embodiment of FI(. 2 shows a flap 206 that provide access to a
stored drag rescue device. As with other features of the jacket and vest, the flap 206 may
be secured with a closure such as a snap, hook and loop, or a zipper.

Structural firefighting typically entails the use of a seif-contained breathing
apparatus (SBCA) worn on the back of a firefighter.  Embodiments of the combined
jacket 300 and particularly the vest 200 mayv mclude features to accommodate an SCBA
By wayv of example, vest 200 may mclude epaulets (not shown} on the shoulder portion
of the vest that recerve and secure straps of an SCBA 1 place. A lower rear torso portion
of the vest 200 may 1nclude friction pad 216, as shown in FIG. 2B, that prevents sliding
of the SCBA across the back when the wearer 13 moving. According o some
embodiments, friction pad 216 wecludes an abraswon-resistant oatenal such
DRAGONHIDE {(TRADEMARK) reinforcement material available from (Globe
Manufacturing. Vest 200 may also include exira msaiation above the shoulders to
provide, for example, sutficient Thermal Protective Performance when insulation 13
compressed from wearing SCBA gear.

Various other features and/or accessories may be included wiih a vest or jacket
By way of exampie, reflectors, such as SCOTCHLITE (TRADEMARK) (3M) reflective
tape or reflective material, may be positioned on the outer shell of a jacket or vest, such
as on the front or rear torso portions and/or on the sleeves to improve visibility i dark or
simoke filled conditions. In some embodiments, the jacket may optionally include a hood,
equipment pockets or remote microphone attachment 118, (olor-coding according to the
structure of the jacket parts may also be used on the outer shell 110 of the jacket andfor
vest to indicate to & viewer or the wearer the specific NFPA ratings of dstferent portions
of the jacket. The vest and/or jacket may include pockets, flaps or through-holes
allowsng access to equipment, such as radios, that may be secured to the jacket or vest.

Thermally resistant jacket 160 and thermally resistant vest 200 described in detaid

above may be used 1 conjunction to provide combined jacket 300 of an overall ensemble

{7
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capable of protecting the wearer under harsh conditions. For example, a user may wear a
jacket, vest and other attire such as trousers, boots, gloves and helmet for struciural
firefighiing, as mayv be associated with NFPA 1971, Such an ensemble, absent the vest
and potentially other portions, may be suitabie tor a firefighter or other first responder for
other activilies, such as rescue and recovery associated with NFPA 1951,

To transition the sleeved Jacket between suitability for rescue and recovery and
structural firefighting activities, a responder may, for example, doun vest 200 after
donning the jacket 100, Swularly, the vest can be removed prior to removing the jacket.
According to some embodiments, an SCBA may be attached to the vest such that the act
of donning the vest also positions the SCBA 1 a position for use. The vest may also be
stored with an SCBA attached thereto, such as at a place on a five fighting vehicle that 1s
normatly reserved for an SCBA, further enabling ease of access and use.

FIG. 6 provides a How chart iflustrating an example of how the jacket and vest
might be used by a first responder, accordmg 1o one embodunent. The user may
routinely wear the sleeved jacket without the vest and, as such, may be prepaved for
rescue and recovery type activities, as may be assoctated with NFPA 1951, Whena
responder recerves a call to an event requiring turnout gear, such as a stractural hire, he or
she may don the vest over the jacket that 15 already being worn. The vest can be stored
on a response velcle, on a rack, or any other convenient place where hitle or no time 15
used n retrieving the garment. The vest can be donned while the responder s a
vehicle, The responder can also don additional gear such as an SCBA, gloves and
helmet.

Vest 200 mayv be secared 1 position over jacket 100 by various features.
Mechanical fasteners, such as snaps, buttons, zippers, and the hike, mayv secure the vest
and jacket together according {0 some embodiments. Additionally or alternately, arm
cutts 214 of the vest may fit snugly around the armpit and shoulder portson of the jacket,
stabilizing the vest 200 agamnst the jacket 106, Such arm cuffs may include elastic to
secure a fight fit around the jacket sleeve to minimize or eliminate the formation of any
gaps at the junction of cuff 214 and jacket sleeve 104, even when the arm s rotated

through a full range of motion.
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According to some embodiments, a connector may be positioned to secure the
arm culls of the vest to the sieeves of the jacket. For exampie, the mner surface of the
vest or an arm cutt may include one half of a hook and loop fastener while the outer
sleeve of the jacket includes the complementary haif of the hook and loop fastener. A
fastener strip {etther hook or loop) can circumscrnibe the outer surface ot the jacket sleeve
while the complementary strip circumscribes an mner surface of the vest arm cuft or vest
arm opening. In one embodiment the loop portion of the hook and leop fastener is on the
jacket as the oop portion 15 ess hikely to retamn dirt and debris on the more regularly
exposed surface of the jacket

According to some embodiments, the vest can be placed over the jacket without
addihional fasteners to secure the two together, allowmg for a quick transition between
wearing the jacket without the vest, such as for rescue and recovery activities, and with
the vest for structural firefighting. The freedom of movement of jacket 100 and vest 200
a relation to each other, according 1o such embodiments, may also provide for a greater
range of motion as the two garments can move wdependently of each other.

It 15 to be appreciated that although shown without sleeves and described as a
“vest”, that the vest 200 may also include sleeves or sleevelets that extend about a portion
of a wearers arm down to as {ar as the elbows of the wearer. In conirast, the sleeved
tacket or jacket described heremn inchudes long sleeves that extend {o the wnist of'a
wearer. Although described as a “vest”, 1t 15 to be appreciated that the vest may have the
appearance of a short~sleeved jacket rather than a conventional sleeveless vest, according
to some embodiments. Such sleeves or sieevelets may help provide a “thermal overlap™
between the vest and jacket that may reduce or eliminate a possibilsty of thermal gaps
forming between the two garments when arms and body are moved vigorousiy 1 various
directions during a response. The thermal barers of the sleeve of the jacket and the vest
may overlap by a munmum distance, according to some embodiments, to prevent thermal
gaps. Such thermal overlap may be up to one nch or greater, up to two inches or greater,
or up to three inches or greater, according to some embodiments. Any sleeves of the vest
or portions thereot may be elasticized or may include mechanisms that compress the vest

sleeves about those of the sleeved jacket, promoting a thermal seal therebetween
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Thermal Testing

Thermal Protective Performance (TPP) testing measures the amount of time for
convecitve and radiant heat {0 penetrate through the layers of the composite garment.
Tvpically, the lavers through which heat 15 measured are the outer layer, thermal barrer
tayer, and moisture barner layer. The fabric{s) ot the garment are placed beneath a
sensor, or calormmeter, which records the temperature fransmitted through the lavers of
the garment. The garment 1s exposed to flame and radiant heat, w simulation of a
flashover situation. The sensor records the average temperature rise and the results are
praphically mapped. This curve 1s then compared to the Stoll’s curve, which shows the
bhister pownt of human skin as a function of heat and time. Where the curves infersect is
reported as the garment’s TPP score or rating. The TPP score s reported as time-to-burn
multiphed by the exposure energy (2 calories per square centimeter per second).
Generally speaking, the TPP rating 15 approximately double the number of seconds the
garment will protect human skin agatost high heat before a second-degree burn wili
ensue. Thus, a TPP rating of 33 equates to 17.3 seconds untid a second degree burn will
occur 1 a [ashover situation.

Total Heat Loss {THL) measures how well garments aliow body heat to escape
through the lavers of a garment.  THL is reported in watts per meter squared (W/m™}, and
typically correlates mversely with TPP. To measure THL, heat {low through the lavers of
the garment 15 measured under both dryv and wet conditions using a hot plate that
simulates human skin temperature. Higher THL values tend o indicate that a material 15
more “breathabie™ and therefore more comlortable. Additional testing procedures and
requirements are available in NFPA 1951 and NFPA 1971,

The standards referenced heremn, mcluding EN 469 and the 2013 versions of
NFPA 1951 and NFPA 1971, are hereby incorporated by reference 1n their entirety. It s
to be appreciated, however, that these standards and any comments made in these
standards are only applicable to aspects of embodiments of the present invention that are
explicitly stated to satisfy a corresponding standard or an aspect of a standard. Any
statements herein that an embodiment or feature of an embodiment may be sutable for a

particular activity, such as rescue and recovery or structural firefighting, shall not be
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taken as a statement that such features or embodiments satisty standards associated with
such activiiies.

While several embodiments of the present invention have been described and
illustrated herein, those of ordinary skill in the art will readily envision a variety of other
means and/or structures for performing the functions and/or obtaining the results and/or
one or more of the advantages descuibed herein, and each of such variations and/or
modifications 1s deemed to be within the scope of the present mvention. More generally,
those skilled 1n the art will readily appreciate that all parameters, dimensions, matenals,
and configurations described herein are meant to be exemplary and that the actual
parameters, dimensions, materials, and/or configurations will depend upoun the specific
application or applications for which the teachings of the present invention 1s/are used.
Those skilled 1 the art will recogmze, or be able to ascertain using no more than routine
experimeniation, many equivalents 1o the specific embodiments of the wvention
described herein. {t s, therefore, to be understood that the foregoing embodiments are
presented by wav of example only and that, within the scope of the appended claims and
equivalents thereto, the invention may be practiced otherwise than as specifically
described and claimed. The present mvention 1s directed to each individual feature,
system, arficle, matenal, kit, and/or method described herein. In addition, any
combiation of two or more such features, svstems, articles, materials, kits, and/or
methods, 1f such features, systems, articles, matenals, kits, and/or methods are not
muteally inconsistent, 1s included within the scope of the present invention.

All defintions, as defined and used herem, should be understood to control over
dictionary defmstions, delinifions i documents mcorporated by reference, and/or
ordinary measnngs of the defined terms.

The indefinmite articles "a" and "an," as used herein in the specification and i the
clazms, uniess clearly indicated to the contrary, should be understood to mean "at least
one.”

The phrase “and/or,” as used heremn n the specification and i the ¢clamms, should
be understood to mean “either or both”™ of the elements so conjoined, 1e., elements that
are conjunchively present in some cases and disjunctively present 1o other cases. Other

clements may optionally be present other than the elements specitically identitied by the

Y
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“and/or” clause, whether related or unrelated to those elements specifically wdentified,
uniess clearly indicated to the contrary.

All references, patents and patent applications and publications that are cited or
referred o 1n this application are incorporated 1n their entirety herein by reference.

What 1s clammed is:



CA 02920522 2016-02-04

WO 2015/021310 PCT/US2014/050197
Claims
1. A modular firefighting garment comprising:

a jacket that includes a torso portion and two sleeves attached to the torse portion,
the torso portion and the two sleeves having a tiame-resistant guter layer and a moisture
barrier that lies interior to the outer {aver, the two sleeves baving a thermal barmer that
provides increased thermal protection for the two sleeves i refation to the torso portion
of the jacket;

a vest that 1s separate from the jacket and that s constructed and arranged to be
worn over the jacket, the vest including a torso portion and having a flame resistant outer
fayer and a thermat barner such that, when wom over the jacket, thermal protection of the
combined torso portion of the jacket and torso portion of the vest 1s equivalent to or

preater than the thermal protection provided by the two sleeves of the jacket

2. The modular firefighting garment of claim 1, wheren at least a portion ot the
thermal barrier layer of the two sleeves 15 removabile [rom the {wo sleeves of the jacket.
. The moduiar frefichtine oarn ' of clatm 2 wherein the iacket and v
3. 1e niodaiar tirelighting garment of clamm 2, wherein {he jacket and vest when

worn logether meet EN 469

4. The modular Irefighting carment of claim 1, the torso portion of the jacket,

absent the vest, exhibits a minimum Total Heat Loss {THL} of greater than 450 W/m2.
5 The modular firefighting garment of clam 1, wherein the torse portion of the
tacket in combination with the torso porfion of the vest exhibits a mmimum Total Heat

{.oss {THE.) of greater than 205 W/mZ.

6. The modular firefighting garment of claw 1, wherein the vest includes a coliar

having a height of at least 3 mnches.

{8
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7. The modular tirefighfing garment of clamm {, wherein the jacket includes a collar

having a height of less than 3 inches.

8. The modular firelighting garment of claun 1, wherein the vest inciudes cutls that

form a thermal seal with the {wo sleeves of the jacket.

9. The modular frefighting garment of claim 1, wheremn the vest further compnises a

drag rescue device,

10. The modular firefighting garment of clamm 1, wherein the two sleeves of the
jacket exhibit a Thermal Protective Performance {(TPP) of 35 or greater and the torso

portion of the Thermal Protective Performance { TPP) of ess than 335,

11, The modular firefighting garment of claim 1, wherem the vest includes two short

sleeves that are attached to an arm opening of the torso portion.

12. The modular Irefighting garment of claim 1, wherein the vest inclodes a {riction
pad positioned on an outward facing portion of the outer layer of the vest {0 engage a

self~contamed breathing apparatus

13 The modular Irefighting garment of claim 1, wherein the vest includes one or

more mounting features for a self~contained breathing apparatus.

14, The modular firetighting garment of clam 13, wherein the one or more mounting

teatures include epauiets.

15, A method of increasing the thermal protection provided by a modular firefighting
parment, the method comprising;
donning a jacket that includes a torso portion and two sleeves attached to the torso

portion, the torso portion and the two sleeves having a Hame-resistant outer laver and a

moisture barrier that es interior to the outer laver, the two slegves having a thermal

Y
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barrier that provides mcreased thermal protection for the two sieeves 1n relation to the
torsa portion of the jacket;

donning a vest over the jacket to improve thermal protection, the vest being
separate from the jacket and vest including a torse portion and having a tlame-resistart
outer iaver and a thermal barrier such that, when worn ¢ver the jacket, thermal proteciion
of the combined torso portion of the jacket and torso portion of the vest 15 equivalent or

oreater than then thermal protection provided by the two sleeves of the jacket.

24
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User dons @acket and trousers
meeting NFPA 1951 for rowtine
respOnNses.

Call received indicating structural fire
requiring NFPA 1971 ensemble.

User dons vest without removing
jacket to upgrade to NFPA 1871

ensembile.

User dons helmet, gloves, SCBA and

additional equipment based on the

type of response required.

Upon completion of task, user
removes vest and raverts to the more
comfoartable 1953 ensemble,

MG, 6
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