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endot herm 0 Such headwear is particularly suit

in conjﬁﬂcﬁ 0 6\l’?vlth saf ety headwear, such as notorcﬁ?rééﬁzghbz@?%?
10 BACKGROUND It has | ong been recognlsed t hat neurol ogi cal
deterioration in trauma victine is diamatically reduced when a
hypotherm c state is induced. This phenonenon has been observed, for
exanpl e, when an accident victimhas fallen into cold, icy water
resulting in hypotherma. A simlar 15 phenonenon was observed during
t he Napol eoni ¢ Wars, when WBRAINCEULRNIGEDEVIEE were |eft "out in the

col d* managed to survive their injuries, whilst their counterparts
who had been warnmed by a nearby fire perished. Mre recently, nedical

pr cti made use of this phenonenon by deliberately
TﬁﬁﬁﬁiﬁgLﬁaﬁg%hernia in patients, prior to energency treatnent

or dur| ng surgical operations. This causes the body's vital functions

to be_slowed down, thus re u0|n t he 20 chances of brain .

occur Frgprepet t%ﬂtwatrﬁlé*ﬁﬁ to ﬁ mﬂéﬁng@ﬂﬁfc‘%ﬁ%@" Tﬁaﬁ‘ T &d&?ﬁ%%ww 8

core S RANGHBIMRA 16 akk Ror qreaiajsﬂldn&vwmuﬁw Béadgedrnichas inewicycle halnteat h

of ice water, or by punping cold fluids through or next to their

i nternal organs. Cooling has al so been noted to be particularly
efd echhrgodmpppl ied directly to the patient's head. 25 The human
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by a nearby fire perlshed More recently, medical practitioners have made use of this phenomenon
by deliberately inducing mild hypothermia in patients, prior to emergency treatment or during
surgical operations. This causes the body’s vital functions to be slowed down, thus reducing the

20  chances of brain damage occurring in the patient. In extreme circumstances, the patient’s core
temperature can be reduced by submerging the patient in a bath of ice water, or by pumping cold
fluids through or next to their internal organs. Cooling has also been noted to be particularly
effective when applied directly to the patient’s head.

25  The human skull has many smalil holes passing through it, known as emissary foramina, through
which veins transport (hot) blood from the scalp into the venous sinuses. The blood transported to
the surface of the head is cooled by the surrounding environment and by sweat evaporating from
the surface of the skin, before re-entering the skull at a lower temperature, to help keep the brain
cool, This explains how cooling the head at the surface can produce significant cooling within the

30  human brain, even at significant depths within the skull, more quickly than would be expected to be

achieved through mere thermal conduction.



2 Cranial cooling has been noted to reduce brain danage and increase
survival rates in accident victins, and patients with head injuries
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20 and an inner confort layer 30. The 10 function of the various
| ayers is explained with respect to Figure 3.

30 A typical motorcycle safety helmet design is shown in Figures 1 to 3 of the present application.

Figure 1 shows a full-face motorcycle safety helmet (that is, a helmet which substantially fully



Figure 3 shows diagrammatically how forces are distributed and
absorbed by the various |ayers of the helnet during an inpact. The
rigid outer shell 10 deflects and distributes inpact forces away from
t he | npactWo@aluppdsedlat eral |y t hrough the outer shell 18CT/&B209MOMRTIDY
the arrows | abelled L. This 15 dissipates the inpact forces away from
the point of inpact, so that they are not concentrated at one point,
preventing the safety helnet fromspBitting apart or being penetrated
by the inpacting object. The rigid outer shell 10 furthernore absorbs
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from the impact point, laterally through the outer shell 10, as shown by the arrows labelled L. This

15  dissipates the impact forces away from the point of impact, so that they are not concentrated at one
point, preventing the safety helmet from splitting apart or being penefrated by the impacting object.

The rigid outer shell 10 furthermore absorbs impact energy by an appropriate failure mechanism,

such as splitting (cracking) or delaminating of the rigid outer shell material. The impact absorbing

material layer 20 absorbs impact energy by deforming in the direction of the impact force, as

20  shown by the arrows labelled 1. The primary goal of the impact absorbing material 20, however, is

to slow down movement of the wearer’s head, by cushionfng the forces on the wearer’s head as the

helmet is subjected to the impact force.

This reduces the magnitude of the force and acceleration which the brain undergoes as the impact
25  takes place. A typical impact taking place during a motorcyele traffic accident might be the rider’s
head striking the concrete kerb at the side of a road. As the helmet strikes the kerb, it is brought
relatively instantaneously to a halt. If the same deceleration were to be applied to the rider’s head,
the motorcyclist’s more rigid skull would tend also to be brought promptly to a halt, whilst the
softer brain matter, which has nothing holding it place, tends to continue travelling, leading to
30  traumatic internal brain injuries. The impact absorbing material layer 20 serves as a cushioning

member, giving the rider’s head space and time in which to come to a halt under a more



4 progressive deceleration, and thus hopefully avoi ding serious brain
injuries. The inner confort |layer 30 is provided between the inpact

absor bi ng terial 20 and a user's head, to provide a cQ
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example through bleeding into the brain, deprivation of oxygen supply, etc. The normal advice

25  given to non-medically trained people attending motorcycle accidents js never to remove the
helmet of the injured motorcycle rider, in case they may have sustained any damage to their neck or
spine. During the ensuing time period, the motorcycle safety helmet tends to keep the
motorcyclist’s head insulated from ambient temperatures, and thus at a relatively high temperature
(especially since there is no air flow through the helmet whilst the helmet is stationary). If the

" 30 injured motorcyclist has sustained a head injury, this can lead to inflammation and swelling of the

brain, within the skull and helmet. Often, the head can swell up inside the motorcycle safety
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WO 2009923 8a8R @Iﬁ:@%ﬁp&%&@ﬂa’s%{% rReans by which to activate the cooling pack whilst being

20  worn.

Further United States patent publication US 5 469 579 Al, to Tremblay et al, discloses a head
cooling device for mounting over a person’s head, generally within headgear or a safety helmet,
such as the construction hats worn on building sites. The head cooling device is configured to sit
25  within the hat or helmet of a wearer, and to contain ice cubes therein. As the ice cubes melt, the
head cooling device allows the melting water to pass one drop at a time onto the wearer’s scalp, so

as to absorb and extract heat from the wearer’s head.

US patent publication US 5 755 756 Al, to Freedman, Jr. et al, discloses a hypothermia-inducing

30  resuscitation unit which includes a helmet adapted to be mounted on the head of a patient. A



cool ant source is punped fromexternal of the helnet into a bl adder
which is inflatable to achieve a tight fit over the head of a
patient, I de cooling to the patient's head. RY HE
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to initiate the endothermc reaction in response to detectjon of an
i npactootsnt souraenspimyed fram exinmal pbths dgligeio 2 glﬁfé@f WhichJemflatgble tqachieve a
addlt ahgis lehi*@fh@df he reaction in
t#%£ﬂ£Q&%ﬁk?ﬁ%%%?paﬁagﬁgatd 33£ér %ug?%?§$%2%ﬁenbodinents, t he
headmear is a helmet for protection of a wearer's head from i npacts.
15 Qﬁbf benRAgwear is a notorcycle safety helmet. The
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to detect an impact or imminent impact based on a detected acceleration of the headwear exceeding
a threshold magnitude. Preferably, then, the trigger is arranged to initiate the reaction in response to

a force or pressure generated in the headwear by the impact exceeding a threshold magnitude.

20  In further preferred embodiments of the headwear, the endothermic reactor comprises two or more
reagents which will react together in an endothermic reaction, when the reaction is initiated. Each
of the two or more reagents may be contained in the endothermic reactor, separated from other
reagents with which it will react, in respective cells or reservoirs. In certain preferred embodiments,
at least one of the reagents is contained in a layer arranged to encompass substantially all or a part

25  of the head of a wearer. One or more membranes may separate the reagents from each other, the
trigger being configured to initiate the endothermic reaction by opening a hole in the membrane
through which the separated reagents may be brought into contact. In one form, the trigger includes
a plunger for opening the hole in the membrane. In another form, the trigger includes one or more
frangible regions in the membrane, configured to open to form a hole when tension in the

30 membrane exceeds a threshold magnitude. In one more form, the membrane or trigger comprises a

shape memory alloy, or a shape memory structure, in a first memorized state and is configured to
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the poHesadting MEeSHclioin rbPEHse td & siphdd siftededBamiteRicci@npri sing a
gas- expansi on cooling device for cooling a wearer's head and a
tM gger to initiate release of the gas

In still further preferred embodiments, the endothermic reactor is configured to contain the reagents

and the reaction products of the endothermic reaction prior to and during the reaction.

Preferred embodiments of the headwear further include an emergency initiation device also

15  operative to initiate the reaction.

According to a second aspect of the present invention, there is provided headwear comprising a
gas-expansion cooling device for cooling a wearer’s head and a trigger to initiate release of the gas
from a pressurized container into a decompression region adjacent to or in a region of the headwear

20 that is configured to enclose the head of a wearer.

According to a third aspect of the present invention, there is provided headwear comprising a
reagent package arranged to remove heat energy from a wearer’s head when activated by an
impact.

25
According to a fourth aspect of the present invention, there is provided a motorcycle safety helmet

comprising:

a rigid outer shell; a layer of impact absorbing material inside the rigid outer shell; an endothermic
30 reactor, substantially contained inside the rigid outer shell, containing two or more reagents which

will react together in an endothermic reaction to absorb heat from inside the helmet; and a trigger



froma pressurized container into a deconpression region adjacent to
or in a region of the headwear 20 that is configured to enclose the
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or5i neanipeiligi npact on the hel net. According to a fifth aspect of
the present invention, there is provided a notorcycle safety hel net
5conprising: a rigid outer shell; a |ayer of inpact absorbing
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will react together in an endothermic reaction to absorb heat from inside the helmet; and a trigger

10  armranged to initiate the endothermic reaction in the reactor, whilst being worn on a wearer’s head,

in response to an impact on the helmet.

In preferred embodiments of the motorcycle safety helmet of the fourth or fifth aspect, each of the
two or more reagents is contained in the endothermic reactor, separated from other reagents with
15  which it will react, in respective cells or reservoirs. At least one of the reagents may in that case be
contained in a layer arranged to encompass substantially all or a part of the head of a wearer.
Preferably, one or more membranes separate the reagents from each other, the trigger being
configured to initiate the endothermic reaction by opening a hole in the membrane through which
the separated reagents may be brought into contact.
20
The headwear of the present invention is able to be configured to be carried with the first aid kit of
any paramedic, and can be used to provide cooling to the brain of an accident victim whilst
awaiting arrival of transport to a hospital, and during the journey thereto. Headwear according to
the present invention may also find application for providing cooling to the brains of patients after

25  arrival or who have already been received in a hospital.

A motorcycle safety helmet which includes, incorporates or embodies headwear according to the
present invention is able to provide significant cooling to the brain of a motoxcycle accident victim
without the need to remove the motorcycle rider’s helmet. Neurological deterioration may thereby

30  be reduced and brain damage can be avoided. It is furthermore thereby possible to reduce the



will react together in an endotherm c reaction to absorb heat from
inside the helnet; and a trigger 10 arranged to initiate the
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reducgghiaer V@ B0N97AP QR TV RHiNY A2 didgidmmatic representation of the key

constructional elements of a motorcycle safely helmet main body;

15
Figure 3 is an enlarged cross-sectional view of a portion of the motorcycle main body of Figure 2,
indicating diagrammaticaily the manner in which forces are distributed and absorbed in the

motorcycle safety helmet during an impact;

20  Figure 4 shows a cross-sectional side view of an embodiment of the main body of a motorcycle

safety helmet according to the present invention;

Figure 5 shows a cross-sectional side view of a second embodiment of the main body of a
motorcycle safety helmet according to the present invention;

25

Figure 6 shows a cross-sectional side view of a third embodiment of the main body of 2 motorcycle

safety helmet according to the present invention;

Figure 7 shows a cross-sectional side view of a fourth embodiment of the main body of a

30 motorcycle safety helmet according to the present invention;



tendency for the notorcyclist's head to overheat or beconme swelled up
whilst it remains wthin the confines of the notorcycle helnet. BRI EF
DESCRI PTI WNGS 5 To enabl e a better understanding of the
pr esent iﬁ%%‘f”@ﬁ% nd to show how t he sanme nay be car rl;Cér(]Glszﬁ)oouzm
effect, reference will now be made, by way of exanple only, to the
acconpanying drawi ngs, in which: 10 fgigure 1 is a side external view
showi ng diagrammatically the main conponents of a typical full-face
notorcycl e safety helnmet; Figure 2 is a cross-sectional side view,
showi Figu Scihaws anoestdectionebsids ey af b Gifth embodimetef theonsin body lorraptoreycle
el emen f, a notarcycle safel el met main body; 15 Figure 3 is an
enl ar%agegygc?l@g%%cgcgglpg%%%lpp(/else l%lfagmporti on of the notorcycle nain
body of Figure 2, indicating diagrammtically the manner in which

forces. are_ distributed.and absorbed..in th t o y I

cor | gl it e by Eh s SRl Sl R R b e bl e
enpodinsRidyclefsafeichelmdtractadiyig of the matwtrinyention, Safietiyg Hagrmmaticdbyr ldivnthe
toth resent inventign; Fiqure shqQws, a ¢ross- tiopal side view
.of a E’é‘?gﬁﬁ’@e @&eﬂtéﬁi‘ %@qq{gy%§aﬁe%€e§ e gmr‘ﬁ?% “o‘ff@@%?"%”‘s afety hel net
accor gf Admpsetf he present invention; 25 Figure 6 shows a

cross-sectional side view of a third enbodi nent of the main body of a
not orcycl e safety hel met according to the present invention;
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an impact may have on the foregoing embediments of the motorcycle safety helmet;

Figures 11A to 11C are a series of diagrammatic views illustrating a principle of operation of a
trigger unit for use in conjunction with the foregoing embodiments of the present invention;

15
Figures 12A to 12C are a series of diagrammatic views illustrating the principle of operation of a
further trigger suitable for use in conjunction with the foregoing embodiments of the present

invention;

20  Figures 13A to 13C are a series of diagrammatic views showing a further triggering system suitable

for use in the foregoing embodiments of the present invention;

Figure 14 is a cross-sectional side view of an embodiment of the main body of the motorcycle
safety helmet according to the present invention, indicating a 14 further optional feature which may

25  be applied to any of the foregoing embodiments of the invention;
Figure 14A shows a close-up perspective view of the further optional feature of Figure 14; and
Figure 15 is a cross-sectional side view of an embodiment of an item of headwear configured in

30 accordance with the present invention, illustrating how the various fundamenta] principles of the

present invention may be applied to a range of headwear items.
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Similarly to the known motorcycle safety helmet described above with reference to Figures 1 to 3,
the motorcycle safety helmet main body 3 includes a rigid outer shell 10, inside which is provided
an impact absorbing material layer 20. An inner comfort layer 30 is furthermore arranged within
20 the interior of the motorcycle safety helmet main body 3, to provide a contact surface with the head

of a wearer of the motorcycle safety helmet.

It will be appreciated that although the illustrated embodiments of the motorcycle safety helmet of
the present invention are illustrated as full-face safety helmets, other known forms of motorcycle
25  safety helmet may be adapted to incorporate a suitable endothermic reactor and triggering device,
according to the principles set forth herein. Specifically, endothermic reactors and triggering
devices arranged in accordance with the principles of the present invention may be applied to so-
called open-face or three-quarter helmets, which still provide protection over the ears of a wearer
but Ieave the lower face and chin exposed; half-helmets, which provide protection only to the top of
30 the wearer’s head; and flip-face helmets, which have a flip-up chin bar and visor, allowing the

helmet to convert between a full-face configuration and an open-face configuration,



11 DETAI LED DESCRI PTI ON In the following, like reference nunerals
are utilised are used to indicate the sane or simlar 5 features in

the vario lents of the invention. In the follow.n

be apprecilkgpgzga?tﬁ%l&accel eration generally enconpasses qga?(’ﬁngtu/uoons
positive accel eration, which increases speed, as well as a negative
accel eration (deceleration), by whigh speed is reduced. The terns
accel eration and decel eration as used herein should thus be

consi dered 10 as being interchangeabl e and nutual | y enconpassi ng,
unl ess the specific context dictates otherw se. A first enbodi nment

of t n bod f. | e sak b S

o o BT R e o BTG5 Rl AR Pl LSt e
el enmethémopfasticheormat pres;mé-moﬂlﬂemethmwamnfomd«jr @ith Sehavsl x| Yetler tfHwes.
kno cycl e saf t cr| f

Fi gﬁgo Cilc%:t th out[elhgl ﬁ%%/r rcélec lésega K t Qcﬁ ﬁa}(lgl é’l‘fdtt%)e CPGE sﬁﬂ&ﬁm Qlected
rigi dfoﬁtl‘te&ﬁgls loetet still, isj Insiesler, mdti ceitical go raclﬂvvldgdaeaadvamwepbtaingbjg mmhghe
mat eri al An i r..CO bhS r

W t i Heg R e egier BETRE TRy BNE wbnigor et B T S hiagee
t o prevhé@ngace @ﬂifnﬁdilt ali6 fsaﬁe; i tetaird the ihpact abﬁorhm‘ga‘aawlal ddyet @ durlng an
not orcycl e saf

elmet.. I1t. will be appreci ated that a .t hou
11 skt S Bud PR e S ises Pof SRETTRE ARy HePiatit Tson'ohne
pr esertardrtMRRdi on are illustrated as full-face safety hel nets, other
known forns of notorcycle 25 safety helmet may be adapted to
i il]Q:orporate a suitable endotherm c reactor and triggering device,

accor ghdighph@ abSibing el lﬁﬁer QGES t_fypxbilhz foarei of a p@tyrédedtahd m;)uldlng, with a
endothermc reactors and %F evi ces ar r ged i.n._accordanc

with fersithinitherapeedd 19770¢ fEIeEs: ?Pa‘;}e ’ém&}ﬂlﬁ RemLis 8mp1‘essed

so- caly|Rg afRRPact. Maﬁégebhﬂﬁ%@bi%iﬁéne@ exRinged pﬁﬁys@herﬁtabidrbsmrlﬁwotdﬁergy
protection over the ears_of a wearer but |eaye

P h b Grahen 41 or P Bt 55 oRgital Ariknseh BRIy B 40k Sohatar B8 e

O_fIS rebound like a spring, instead retaining its deformation (remaining compressed or crushed). This
. prevents the stored energy bouncing back and striking against the wearer’s brain for a second time.

Polyurethane foam has also been used as the impact absorbing material layer 20 in some helmets.

The human brain basically floats inside the skull, within a bath of cervical-spinal fluid and a

20  protective cocoon called the dura, As noted above, during a severe impact the skull can be brought
to a stop, or otherwise accelerated, very suddenly, but the brain continues moving, which can lead
to a number of different brain injuries, from shearing of the brain tissue to bleeding in the brain,
bleeding between the brain and the dura, or bleeding between the dura and the skull. Any such
injury tends to lead to inflammation and swelling of the brain within the skull, which in normal

25  circumstances cannot occur due to the confined nature of the brain within the rigid skull. (In a
hospital environment, build up of pressure and swelling of the brain within the cranial cavity can be
relieved by drilling or cutting-open the skull to relieve the internal pressure.) The layer of impact
absorbing material 20 has the function of gradually decelerating the skull during an impact event,
so as to minimise differences in motion between the skull and the brain.

30
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When the endothermic reactor is triggered, the water in outer layer 50 is released into the inner
25  layer 40, to initiate the endothermic reaction by causing the ammonium nitrate to begin to dissolve
into the water. This immediately begins to produce a cooling effect within the interior of the
motorcycle safety helmet. The reaction between water and ammonium hydrate is able to deliver an
amount of cooling corresponding to around 1°C per minute after the reaction is initiated, resulting
in noticeable cooling after around four minutes. Because the endothermic reaction is progressive,
30 heat will be continually absorbed from the head and brain of the motorcycle helmet wearer during

the endothermic reaction. The progressive nature of the reaction can be enhanced by configuring
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reduced risk of the wearer of the headwear coming into contact with the reagents and reaction
products in question. Other known endothermic chemical reactions, which might be utilised in

place of dissolving ammonium nitrate in water, are:

25

e reaction of barium hydroxide octahydrate crystals with dry ammonium chloride;
e dissolving ammonium chloride in water;

e reaction of thionyl chloride (SOCI,) with cobalt (II) sulfate heptahydrate;

e mixing water with potassium chloride; and

30 e reaction of ethanoic acid with sodium carbonate,
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cryst gtlte?np\{\fné o Slove B8 &e'ilen vff:m'nocgr tg Femove the motorcycle safety helmet could result in
causing damage to the spinal column; motorcycle safety helmets should only be removed once an
experienced medical practitioner has had opportunity to assess whether it is safe to remove the

20 helmet. By providing cooling to the inside of the motorcycle safety helmet, the onset of
neurological deterioration following the initial brain trauma can be delayed and the chances of
suffering brain damage reduced. Similarly, the consequences of further injuries, for example,
restricted blood flow and lack of oxygen to the brain, can also be offset by cooling of the brain in

this fashion. Additionally, swelling and inflammation can be reduced, which will relieve pressure

25  on the brain within the skull cavity, as well as ensuring that it should be possible still to remove the

motorcycle safety helmet from the wearer’s head, at an appropriate time.

Figure 5 shows a second embodiment of a motorcycle safety helmet main body 3, including the
same reactor inner layer 40 and reactor outer layer 50 as shown in Figure 4. In the embodiment of
30  Figure 5, multiple plungers 60 are provided as trigger mechanisms by which to initiate the

endothermic reaction between the inner layer 40 and outer layer 50. The plunger trigger mechanism
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20  their separate inner layer 40 and outer layer 50. The endothermic reactor may be provided thus as a
single endothermic reactor comprising two layers which each substantially fully surround the
wearer’s head, or as one or several separate reactors or reactor units comprising respective or

communal inner and outer layers of reagent.

25  The embodiment shown in Figure 6 is similar to-that in Figure 5, except that the inner comfort layer

30 is provided only as a series of separate comfort pads within the inner region of the motorcycle

safety helmet main body 3.

In the embodiment of Figure 7, the helmet is provided with an inner comfort layer 30 and an inner
30 reactor layer 40, similar to the embodiments of Figures 4 and 5. However, the outer reactor layer 50

is formed as a series of pockets or cells containing the second reagent (water), each configured with



250n the brain within the skull cavity, as well as ensuring that it
shoul d be possible still to renove the notorcycle safety hel net from
the wearer’ s head, at an appropriate time. Figure 5 shows a sec
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sanme reactor inner |ayer 40 and reactor outer |layer 50 as shown in
Figure 4. In the enbodi nent of 30 Fijgure 5, multiple plungers 60 are
provided as trigger nmechanisns by which to initiate the endothermc
reaction between the inner |layer 40 and outer |ayer 50. The plunger
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the plungers 60 to be depressed, initiating the reaction between the
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Once the plunger 60 has been depressed and the reaction has been initiated, the water in the outer

reactor layer 50 can flow freely into the inner reactor layer 40, as denoted by arrows in Figure 9.
Figure 10 similarly illustrates how the adjacent layers of the reactor are compressed together at a
20  compression point P, between the outer impact absorbing layer 20 and the inner comfort layer 30,
as the wearer’s head travels into and decelerates against the impact absorbing material layer 20 (or
vice versa). In the case of water being contained in the outer layer 50, this water is compressed and

forced outwardly away from the compression point P, during the impact event.

25  Any suitable trigger mechanism can be utilised for initiating the endothermic reaction between the
inner layer 40 and outer layer 50. Several examples follow which can be classified as “passive”, the
reaction being initiated simply by virtue of the compression of the inner and outer layers 40,50
between the impact absorbing material 20 and the head of the wearer of the motorcycle safety
helmet. Alternatively, “active” trigger mechanisms could be emp]oyed which provide a further

30 input to initiate the endothermic reaction, in response to a si gnal generated as a result of the impact

event, or detection of a likely impact event. For example, accelerometers can be used {o determine
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of the endothermic reactor, and biases the plunger 80 inwardly into the motorcycle safety helmet

cavity, against a spring plate 86, as shown in Figure 12A.



30input to initiate the endothermi c reaction, in response to a signal
generated as a result of the inpact event, or detection of a likely

i npact event. For exanple, acceleroneters can be used to determ ne
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accel eration having a magnitude above a specified threshold,
indicative of a collision or inpact guch sensors can operate froma
separate battery or other power source self-contained within the

hel met, or nay be powered via the existing battery supply of a
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in Fi @ﬂfcﬂ@roﬂﬂ&sh@eﬁiﬁﬁim mhmem‘or@gé'ﬂ m@ldamp@dttclmnmd whsg).a pl unger 80,
with a pointed shaft 82 extending into the inner |ayer 40 of the
reactor. A biasing nmenber, here in the formof a spring 84, is
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R T e
in Fi grsfireldAhat ¥R RHO %@%ﬁ&(gﬂﬂﬁ' i‘@i’o&? 0@ 905 Bﬁh@ﬂﬁxﬁleﬂﬁle increased pressure, thus
releasing the reagent (water) from the cell in the outer layer 50 into the inner layer 40, thereby
initiating the endothermic reaction, as shown in Figure 13C. As also visible in Figure 13C, the

25  membrane 72 separating the inner layer 40 and outer layer 50 is provided under substantial initial
tension, such that, when the frangible regions 78 are burst, the membrane shrinks away from the

newly created holes, widening the available area through which the reagent in the outer layer 50

can pass into the inner layer 40.

30  Figure 14 shows an embodiment of the main body 3 of a motorcycle safety helmet according to the

present invention, including the same rigid outer shell 10, impact absorbing material layer 20 and
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Similar structural arrangements can be configured using less specialised materials (an example
from everyday life being the lids on metal tins, particularly if partially dented, which can be
repetitively presses between slightly convex and slightly concave positions, but will remain in

30 either position unless further restoring action is taken). Valve-based trigger arrangements will also



10 Alternative trigger nechani sns may be deployed in any of the

f oregoi ng enbodi nents, and any enbodi nent may enploy two or nore
trigger nechani sns, rather than only one. For exanple, the nenbrane
72 bet ween"PHEYUME reactor |ayer 40 and the outer rea'%ﬁ%?B%O%@Pﬂgo
may be made from a shape nenory material, such as the nickel-titanium
alloy "Nitinol", which can be defl egjed 15 between two different
positional arrangenents, defined by two separate, stable crystal or
mol ecul ar states or orientations within the material. The material
may e Setpe] esehdingay thepatticulst rekgeotaro posie ianhtheipartishlacintengded apphestign
rrenbr%eﬁgaratl ng the two | ayers 40,50, and a second position in
whi cHPit W4 al is retracted, due to folding or curling-up of the
mat eri al when pronpted to transition into the second position
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20  such as at sports venues and in offices and care homes. |

The item of headwear may be configured as a balaclava, as illustrated in Figure 15, or any other
suitable shape for allowing easy application over and onto the head of a patient or other wearer of
the headwear. One or a plurality of endothermic reactors are configured by respective inner layers
25 140 and 150, containing reagents which, when mixed or otherwise brought together, perform an
endothermic reaction. The reactor layers are judiciously placed around the conforming member 130
to facilitate the ease with which the headwear can be placed onto a patient’s head, and may be

varied in size to adjust the extent and degree of cooling provided in each region of the head.

30 A trigger 190 similar to the emergency initiation device 90 of Figure 14, is provided in order to

initiate the reaction between the components in the inner and outer layers 140, 150 of the



itens of headwear, other than a notorcycle safety helnet. A head
conform ng nenber 130, which 10 takes the formof a bal acl ava or
simlar itemof headwear, is shown having a simlar proflle to the

i nner confYPEUPAYIPY 30 in the notorcycle safety hel met FEHORRPENPZ3
descri bed above. It is contenplated that such an item of headwear
could be worn in conjunction with angther notorcycle safety hel net,
if equipped with an appropriate trigger nechanism rather than being
integrated into the notorcycle safety helmet itself. This would allow
exi ?] t éﬂﬁlﬂth@i‘ﬁh@fe@m‘t@f Q’uﬂﬁﬂ‘c&inﬁh&lﬁﬂnlﬁﬁt thlemb&s 1156| plm@;ladiﬁdtd mmav:t:ﬂm qtb,ﬁcfeom
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when m xed or othermnse brought together, performan endothermc
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i niti atificahevertent t akes place such as passing a current through the
adj acent or m xed reagents, or application of significant pressure,
whereafter the reaction will proceed in a self-propagating fashion.
Alternatively, the reagents may be fornmed into multiple alternating
| ayers, or in a series of adjacent cells or pockets. 10 Whilst the
i nvention has been described above with reference to specific
exenpl ary enbodi nents, it is contenplated that practical applications
will enmerge in a nunber of areas. For exanple, helnets are worn in
the majority of high-speed non-contact sports, such as notorcycle and
not orcar racing, downhill skiing, etc. Simlar safety helnets are
al so worn by the pilots of jet 15 planes, as well as by police and
mlitary personnel. Helnets are also worn in certain contact sports,
such as Anerican football and ice hockey, although these sports
necessarily involve significant anounts of contact, which could tend
to induce triggering of the endothermc reactor in a noncritical
event .



23 CLAIMS 1. Headwear conprising an endotherm c reactor and a trigger
toinitiate an endothermc reaction in the reactor whilst being worn
on a wearer's head, wherein the trigger is arranged to initiate the
endotherm c reaction in response to detection of an inpact or

i mm nent inpact on the headwear. 2. The headwear of Claim 1, wherein
the headwear is a helnet for protectiaﬂ of -a wearer's head from

i npacts. 3. The headwear of C aim 2, &rein the headwear is a
notorcycl e safety helnmet. 4. The headwear of any of the preceding
clainms, wherein the headwear conprisegafggns to detect an inpact or

i mm nent inpact based on a detected acceleration of the headwear
exceedi ng a ‘threshold magnitude. 5. The headwear of any of clains.1
to 3, wherein the trigger is arranged to initiate the reaction in
response to a force or pressure generated in the headwear by the

i mpact exXceed R FMEEIHE Ennengptheratie reagtor T aHeigeinea rinitiste anyendbthering:
precedi ng cl. ated@ion MAE Riaftof VGiIsE - A i [
nmore reagents which tw | realg!tS %&%\?ﬁgr@h?ﬁegﬁﬁe%% erﬁll@grﬁjegg%ﬁls%fﬁnged
when t he reacti BRilesthe sndothermig reacpign m reppense ém detection off a@l isipmt @y imminent
wherein each pipabth theMRafieaflOr € reagents is contained in the
endotherm c reactor, separated fromother reagents with which it wll
react, in respective cells or reservoirs. 8 The headwear of Claim?7,
wherein at | epsd a ne kS ' [ I [ ranged
to enconpass subhse?gkﬁ_et: ?glfld;}%gllf%g%@lgggé ?eag?g%ﬁgegﬁgggp%? P 5’?‘9\%@%’}‘2*?? wﬁgers
The headwear Wrd&pmiiMpactsor 9, wherein one or nore nenbranes separ at e
the reagents fromeach other, the trigger being configured to
initiate the endotherm c reaction by opening a hole in the nenbrane

t hrough whi chThedsadvepeefsilainm % wheeinthe headweseis b metagtscleisafety helmet.act . 10.
The headwear of Caim9, wherein the trigger includes a plunger for

opening the hole in the nenbrane.
4. The headwear of any of the preceding claims, wherein the headwear comprises means to

detect an impact or imminent impact based on a detected acceleration of the headwear

exceeding a threshold magnitude.

3. The headwear of any of claims 1 to 3, wherein the trigger is arranged to initiate the reaction

in response to a force or pressure generated in the headwear by the impact exceeding a
threshold magnitude.

6. The headwear of any of the preceding claims, wherein the endothermic reactor comprises
two or more reagents which-will react together in an endothermic reaction, when the

reaction is initiated.



11. The headwear of Claim9, wherein the trigger includes one or nore
frangi ble regions in the menbrane, configured to open to forma hole
when tension in the nenbrane exceeds a threshold magnitude. 12. The
headwear of Claim9, wherein the nenbrane or trigger conprises a
shape nmenory all oy, or a shape nenory structure, in a first menorized
state and is configured'to open a hole _in the nenbrane in response to
a change in the shape nenory state to d4second nmenorized state. 13.
The headwear according to any of the preceding clains, wherein the

trigger cpnpriThéEReadwedt ARGaiCETWhkreft] LRY of He ‘ot%g"i’rﬂﬁe F@g&{ﬂésyits %éﬁth'i%d‘l{nethe

ina first nenorized state and is configure Initl

reaction in r B¥RBATHEC resctar. SerriRd from oHher Bregsts withwhigh dtt willereact i respective
second menori zad osleddr@irsl4. The headwear according to Caim1, wherein
the trigger conprises an el enent of electroreactive material for
initiating the reaction in response to a signal generated by said

detectiorg, 2%nelReadBft JTEASMERT wREGR AT dn@ FWe PJa%e&gfig%égt%ﬁgé %f’ layer

;
clainms, wherein the endotherm’c reactor I's conflgur

reagents and BB ERGonpasssehsisotialyai] of hpartefdint lived of weaesact i on pri or
to and during the reaction 16. The headwear according to any of the
preceding clainms, further including an emergency initiation device

al so operat i vEhahsadwgar pEElaim fer 9.eheteiroone ot hore-oerubwems seporaprthsicagens from

gas- expansi ONecR 8ihis) %fﬁék&%eﬁn@{cgrgﬁggeig r{? i ﬁ{ceeﬁaoﬁhé?ﬁﬁdra@cﬁgn %gpﬂ%léng a

trigger to injtiate release o roma pressurized cont

into a deconphdsi@itymenatyarsthrapghawhich the eepanatefl reagentemaydhe bodughtiato contact.
headwear that is configured to enclose the head of a wearer, wherein
the trig ﬁr is arranged to initiate the rel ease of gas upon detection
of an in’g ct . Thedeadwveappldylaied, svhergingbs trigesrinsludenaplungst. fog openingthghade in the

outer shell; membrane.

11. © The headwear of Claim 9, wherein the trigger includes one or more frangible regions in the
membrane, configured to open to form a hole when tension in the membrane exceeds a

threshold magnitude.

12. The headwear of Claim 9, wherein the membrane or trigger comprises a shape memory
alloy, or a shape memory structure, in a first memorized state and is configured to open a
hole in the membrane in response to a change in the shape memory state to a second

memorized state,

13.  The headwear according to any of the preceding claims, wherein the trigger comprises a
shape memory alloy, or a shape memory structure, in a first memorized state and is
configured to initiate the reaction in response to a change in the shape memory state to a

second memorized state.

14.  The headwear according to Claim 1, wherein the trigger comprises an element of
electroreactive material for initiating the reaction in response to a signal generated by said

detection.



-a layer of inpact absorbing material inside the rigid outer shell;
-an endotherm c reactor, substantially contained inside the rigid
outer shell, containing two or nore reagents which will react
togéether in an endotherm c reaction to absorb heat frominside the
hel met; and -a trigger arranged to initiate the endot herm ¢ reaction
in the reactor, whilst being worn on a wearer's head, in response to
detection of an inpact or inmmnent inp@&t on the helnet. 19. A
notorcycl e safety hel met conprising: -a rigid outer shell; -a |ayer
of inpact absorbing material inside the rigid outer shell; -an
endotherm c reactor, substantially contained inside the rigid outer
shel |, cobt ai ﬂihmlgaadw atcordingdo aa&aqfethet pretwﬂing lolains, Whereiache emdgberlm&rreﬁdmr is

d h f h
an endother 5864 By TRS0LR 0SSR Pdd B S o

reactor, whi Ismormrldgiummthemactwnv\ear er's head in response to an
i npact on the helnet. 20. The notorcycle safety helnet of Claim18 or
19, wherein each of the two or nore reagents is contained in the
endot her nliéc r Ebecheadweas apardivgtd dnyorfithe peeceding anpims, Suntihet nchidinghani dmengehty

react, in res&ggggy&mﬁggggn%t{v?%%%{gje 8 req?cg]?rhThe notorcycl e safety

hel rret of Clam east one o e reagents is contained
in a layer arranged to encorrpass substantially all or a part of the

head of goweapgliwedicom ?in tg% Lﬁonségoﬁ}éé' déWJerf%{ c&?m%‘aa&em' 29 h?zh an]d a

wherein one or nore me es separat e reagen m eac
the trigger bigey t@onthiatguple@etocﬁ e igasi fone at ﬂr@smdtcnﬁamrclntoeadecomprebs}mn

openi ng a hol f%gfoﬁ' a dg%gﬁﬁgﬁégﬁn LPHE Iﬂeé’(’{weﬁhhgt @ecoﬁﬁgﬁéﬁg%gclss%%%%é of a

may be brought i nt
wearer, wherein the trigger is arranged to initiate the release of gas upon detection of an

impact.

18. A motorcycle safety helmet comprisi;mg:
-arigid outer shell;
-a layer of impact absorbing material inside the rigid outer shell;
-an endothermic reactor, Substantially contained inside the rigid outer shell, containing two
or more reagents which will react together in an endothermic reaction to absorb heat from:
inside the helmet; and
-a trigger arranged to initiate the endothermic reaction in the reactor, whilst being worn on a

wearer’s head, in response to detection of an impact or imminent impact on the helmet.

19. . A motorcycle safety helmet comprising:
-arigid outer shell;
-a layer of impact absorbing material inside the rigid outer shell;
-an endothermic reactor, substantially contained inside the rigid outer shell, containing two
or more reagents which will react together in an endothermic reaction to absorb heat from

inside the helmet; and



20.

21.

22.

26

- trigger arranged to initiate the endothermic reaction in the reactor, whilst being worn on a

wearer’s head, in response to an impact on the helmet.

The motorcycle safety helmet of Claim 18 or 19, wherein each of the two or more reagents.
is contained in the endothermic reactor, separated from other reagents with which it will

react, in respective cells or reservoirs.

The motorcycle safety helmet of Claim 20, wherein at least one of the reagents is contained

in a layer arranged to encompass substantially all or a part of the head of a wearer.

The motorcycle safety helmet of Claim 20 or 21, wherein one or more membranes separate
the reagents from each other, the trigger being configured to initiate the endothermic
reaction by opening a hole in the membrane through which the separated reagents may be

brought into contact,



