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BRAI N COOLI NG DEVI CE ( DRAFT)

TECHNI CAL FI ELD

The present invention relates to headwear conpri sing
an endothermc reactor. Such headwear is particularly
suited to use as or in conjunction with safety headwear,

such as notorcycl e hel nets.

BACKCGROUND

It has long been recognised that neurological
deterioration in trauma victins is dramatically reduced
when a hypothermc state is induced. This phenonmenon has
been observed, for exanple, when an accident victim has
fallen into cold, icy water resulting in hypotherma. A
simlar phenonenon was observed during the Napol eonic
Wwars, when wounded soldiers who were left “out in the
cold” managed to survive their injuries, whilst their
counterparts who had been warnmed by a nearby fire
perished. Mre recently, nedical practitioners have nade
use of this phenonenon by deliberately inducing mld
hypotherma in patients, prior to energency treatnent or
during surgical operations. This causes the body’'s vital
functions to be slowed down, thus reducing the chances of
brain damage occurring in the patient. In extreme
circunstances, the patient’s core tenperature can be
reduced by subnerging the patient in a bath of ice water,
or by punmping 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.



The human skull has many small hol es passing through
it, known as emssary foramna, through which veins
transport (hot) blood from the scalp into the venous
si nuses. 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 tenperature, to help
keep the brain cool. This explains how cooling the head
at the surface can produce significant cooling within the
human brain, even at significant depths within the skull,
nmore quickly than would be expected to be achieved
t hrough nere thermal conducti on.

Cranial cooling has been noted to reduce brain
damage and increase survival rates in accident victins,
and patients with head injuries are often treated in

accident and energency departnents by cooling the

patient’s head. It is, however, often the case that a
victimw Il have suffered their injuries significantly in
advance of their arrival at a hospital “Accident and
Emergency” departnent. |f the delay between receiving an

injury and receiving treatnent at a hospital or other
medi cal care facility S too | ong, significant
neurol ogi cal deterioration may already have occurred in
the interim and brain damage nmy thereafter be
unavoi dabl e. The sooner that effective brain cooling can
be applied to victinmse of serious injury, the nore
effective the cooling will be to prevent the onset of
brai n damage. The crews of energency response vehicles
are often the first on site with any neans for treating a
victim of severe injuries, but as yet paranedic teans do
not widely carry head-cooling apparatus as part of their
standard equipnent, if at all. What is required is an

easily portable neans of equipnment by which paranedics



and other energency nedical practitioners can easily and
effectively apply head cooling to victins of serious
injury in danger of suffering neurol ogical deterioration
as a result of their injuries sustained. One proposed
solution is a nasal spray device, which adnmnisters a
fine mst of PFCs (perfluorochemcals) into a patient’s
nasal cavity. The m st droplets evaporate on contact
with the back of the nose to absorb heat and carry it
away fromthe nose, which in turn cools the brain.

One particular group of injured patients liable to
have sustained head injuries are npotorcycle accident
victims. Due to the exposed and unrestrained position of
a notorcycle rider on their vehicle, notorcyclists who
are involved in accidents often sustain severe injuries.
By far the nobst common cause of fatalities anongst
not orcycl e accident victins, however, are head injuries
resulting in brain trauma. Since as far back as 1946, it
has been recognised that wearing a notorcycle safety
hel met significantly reduces the chances of a notorcycle
crash victim suffering a fatal injury. It is now
recommended, if not a requirenent of law, in alnost all
devel oped countries, to wear a notorcycle safety hel net
when riding a notorcycle, and various safety standards
have been set out which define the mninmm perfornmance
requirenents that a safety helnet nust achieve in order
to qualify for sale under the appropriate standards in
the relevant territories.

A typical notorcycle safety helnet design is shown
in Figures 1 to 3 of the present application. Figure 1
shows a full-face notorcycle safety helnet (that is, a
hel met which substantially fully encloses the wearer’s
head and face and extends around the region in front of

the wearer’s nouth and chin). The notorcycle helnmet 1



i ncludes the helnet main body 3, which has an opening 3a
t hrough which the rider can see, and a visor 5, which is
selectively raisable and |lowerable either to expose the
rider’s face, or to enclose the rider’'s face so as to
defl ect wind and debris.

Figure 2 shows a cross-sectional diagramthrough the
notorcycle helnmet main body 3, indicating the typical
mai n constructional elenments thereof. The helnet nmain
body 3 fornms a l|ayered shell which encloses a rider’s
head when worn. The main body 3 conprises a relatively
thin rigid outer shell 10, a relatively thick |ayer of
i npact absorbing material 20 and an inner confort |ayer
30. The function of the various layers is explained with
respect to Figure 3.

Figure 3 shows diagrammatically how forces are
distributed and absorbed by the various layers of the
hel met during an inpact. The rigid outer shell 10
deflects and distributes inpact forces away from the
i npact point, laterally through the outer shell 10, as
shown by the arrows |abelled L. This dissipates the
i npact forces away fromthe point of inpact, so that they
are not concentrated at one point, preventing the safety
helmet from splitting apart or being penetrated by the
i npacting object. The rigid outer shell 10 furthernore
absorbs inpact energy by an appropriate failure nechani sm
such as splitting (cracking) or delamnating of the rigid
outer shell mterial. The inpact absorbing naterial
| ayer 20 absorbs inpact energy by deformng in the
direction of the inpact force, as shown by the arrows
| abel led 1. The primary goal of the inpact absorbing
material 20, however, is to slow down novenent of the
wearer’'s head, by cushioning the forces on the wearer’s

head as the helnmet is subjected to the inpact force.



This reduces the nagnitude of the force and accel eration
whi ch the brain undergoes as the inpact takes place. A
typical inpact taking place during a notorcycle traffic
accident mght be the rider’s head striking the concrete
kerb at the side of a road. As the helnet strikes the
kerb, it is brought relatively instantaneously to a halt.
If the sane deceleration were to be applied to the
rider’s head, the notorcyclist’s nore rigid skull would
tend also to be brought pronptly to a halt, whilst the
softer brain matter, which has nothing holding it place,
tends to <continue travelling, leading to traumatic
internal brain injuries. The inpact absorbing materi al
|ayer 20 serves as a cushioning nenber, giving the
rider’s head space and tinme in which to come to a halt
under a nore progressive deceleration, and thus hopeful ly
avoi ding serious brain injuries. The inner confort |ayer
30 is provided between the inpact absorbing material 20
and a wuser’s head, to provide a confortable tactile
surface against the wearer’s head when worn, and to
provide softer |ocalised padding so that the helnet wll
fit tightly and confortably in place during normal use.
The inner confort layer 30 typically provides an air gap
or channel to allow for ventilation around the wearer’s
head, and may take the form of a renovable washable |iner.
Mot orcycl e helmet design necessarily represents a
trade-off between the level of safety and protection
which the helnmet can provide in an inpact and the
practicality with which the helnet can be worn when
riding a notorcycle. Theoretically, the inpact absorbing
mat eri al 20 could be provided as a very thick
construction, in one or nore |layers of varying degrees of
density, SO as to provide extensive progressive

cushioning to the wearer’s head during an inpact. On the



ot her hand, the helnet has to be of an overall size and
shape that the notorcycle rider can wear it w thout undue
interference from w nd resistance and wind noise, and it
must not be too heavy. Mot orcycl e hel net design has
i ncreasingly been driven t owar ds smal | er, nor e
i ghtweight design, as newer materials have enabled
existing safety standards to be net and surpassed wth
progressively nore conpact and |ightweight configurations.
Nevert hel ess, despite advances in notorcycle safety
hel met design, victins of notorcycle traffic accidents
who wear such notorcycle safety helnmets still sustain
head injuries which result in brain danage. One probl em
in this regard is that even with rapid response tines, a
paranedi c or other energency nedical practitioner often
cannot be on the scene of the accident until sone
significant time after the accident has taken place.
During this delay, neurological deterioration can occur
for exanple through bleeding into the brain, deprivation
of oxygen supply, etc. The nornmal advice given to non-
medically trained people attending notorcycle accidents
is never to renove the helnet of the injured notorcycle
rider, in case they may have sustained any danage to
their neck or spine. During the ensuing tinme period, the
notorcycl e safety helnet tends to keep the notorcyclist’s
head insulated from anbient tenperatures, and thus at a
relatively high tenperature (especially since there is no
air flow through the helnmet whilst the helnet is
stationary). If the injured notorcyclist has sustained a
head injury, this can lead to inflammation and swelling
of the brain, within the skull and hel net. Oten, the
head can swell wup inside the notorcycle safety hel net,
making it difficult or inpossible to renove the hel net,

after a certain period of tine has elapsed (the hel net



can then not be renmoved until the injured notorcycli st
arrives at a hospital, where specialist cutting tools,
such as those normally used for renoving plaster casts,
can be used to cut the hel net away from the
not orcyclist’s head). These <conditions can pronote
neur ol ogi cal deterioration, before any signi ficant
nmedi cal attention can be adm nistered.

It would therefore be desirable to provide neans by
which the onset of brain damage can be inhibited in a
nmot orcycl e accident victim

United States patent publication US 5 950 234 Al, to
Leong et al, discloses a cooling pack head covering. The
cooling pack is intended to be worn so as to cover the
scal p of a patient undergoing chenotherapy treatnent. It
is contenplated that the cooling pack may be a chem cal
cold pack, in which chemcals in a container becone cold
when they are m xed together by breaking a barrier which
otherwi se separates them The cooling pack is generally
circular and has a “V' shaped notch forned therein to
enable the pack to be wapped around and secured to a
patient’s head, in a generally bow shape. It is
contenplated that, if an Anerican football helnet were to
be wused, then the cooling pack mght be formed in
multiple parts to fit in the helnet, wth the objective
of cooling the wearer’s scalp to a tenperature which wll
mnimse hair |oss. The cooling pack nust be activated
before being put on, and has no means by which to
activate the cooling pack whilst being worn.

Further United States patent publication US 5 469
579 Al, to Trenblay et al, discloses a head cooling
device for nounting over a person’s head, generally
within headgear or a safety helnet, such as the

construction hats worn on building sites. The head



cooling device is configured to sit within the hat or
hel met of a wearer, and to contain ice cubes therein. As
the ice cubes nelt, 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 fromthe
wearer’s head.
US patent publication US 5 755 756 Al, to Freedman

Jr. et al, discloses a hypotherm a-inducing resuscitation
unit which includes a hel net adapted to be nobunted on the
head of a patient. A coolant source is punped from
external of the helnmet into a bladder which is inflatable
to achieve a tight fit over the head of a patient, and to

provi de cooling to the patient’s head.

SUMVARY OF THE | NVENTI ON

According to a first aspect of the present invention,
there is provided headwear conprising an endothermc
reactor and a trigger to initiate an endotherm c reaction
in the reactor whilst being worn on a wearer’s head.

Preferably, the trigger is arranged to initiate the
endothermc reaction in response to detection of an
i mpact or inmm nent inpact on the headwear. Alternatively
or in addition thereto, the trigger is arranged to
initiate the reaction in response to an inpact on the
headwear .

In preferred enbodi nents, the headwear is a hel net
for protection of a wearer’s head from inpacts. Most
preferably, the headwear is a notorcycle safety hel net.
The headwear may conprise neans to detect an inpact or
i mm nent inpact based on a detected acceleration of the
headwear exceeding a threshold nagnitude. Preferably,

then, the trigger is arranged to initiate the reaction in



response to a force or pressure generated in the headwear
by the inpact exceeding a threshold nmagnitude.

In further preferred enbodinents of the headwear,
the endotherm c reactor conprises two or nobre reagents
which will react together in an endothermic reaction,
when the reaction is initiated. Each of the two or nore
reagents nmay be contained in the endotherm c reactor,
separated from other reagents wth which it wll react,
in respective cells or reservoirs. In certain preferred
enbodi nents, at |east one of the reagents is contained in
a |ayer arranged to enconpass substantially all or a part
of the head of a wearer. One or nore nenbranes may
separate the reagents from each other, the trigger being
configured to initiate the endothermc reaction by
opening a hole in the nenbrane through which the
separated reagents nmay be brought into contact. In one
form the trigger includes a plunger for opening the hole
in the nmenbrane. In another form the trigger includes
one or nore frangible regions in the nmenbrane, configured
to open to form a hole when tension in the nenbrane
exceeds a threshold magnitude. In one nore form the
menbrane or trigger conprises a shape nenory alloy, or a
shape nenory structure, in a first nenorized state and is
configured to open a hole in the nenbrane in response to
a change in the shape nenory state to a second nenorized
st at e.

In yet further preferred enbodinents, the trigger
conprises a shape nenory alloy, or a shape nenory
structure, in a first nenorized state and is configured
to initiate the reaction in response to a change in the
shape nmenory state to a second nmenori zed state.

In even further preferred enbodinents, the trigger

conprises an elenment of electroreactive material for
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initiating the reaction in response to a signal generated
by said detection.

In still further preferred enbodi nment s, t he
endotherm c reactor is configured to contain the reagents
and the reaction products of the endothermi c reaction
prior to and during the reaction.

Preferred enbodinents of the headwear further
include an energency initiation device also operative to
initiate the reaction

According to a second aspect of the present
invention, there is provided headwear conprising a gas-
expansi on cooling device for cooling a wearer’s head and
a trigger to initiate release of the gas from a
pressurized container into a deconpression region
adjacent to or in a region of the headwear that is
configured to enclose the head of a wearer.

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

According to a fourth aspect of the present invention,
there is provided a notorcycle safety hel net conpri sing:
arigid outer shell; a layer of inpact absorbing nmateri al
inside the rigid outer shell; an endotherm c reactor
substantially contained inside the rigid outer shell,
containing two or nore reagents which will react together
in an endothermic reaction to absorb heat frominside the
hel net; and a trigger arranged to initiate the
endotherm c reaction in the reactor, whilst being worn on
a wearer’s head, in response to detection of an inpact or
i mm nent inpact on the hel net.

According to a fifth aspect of the present invention,

there is provided a notorcycle safety hel net conpri sing:
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arigid outer shell; a layer of inpact absorbing nmateri al
inside the rigid outer shell; an endotherm c reactor
substantially contained inside the rigid outer shell
containing two or nore reagents which will react together
in an endothermic reaction to absorb heat frominside the
hel net; and a trigger arranged to initiate the
endotherm c reaction in the reactor, whilst being worn on
a wearer’s head, in response to an inpact on the hel net.
In preferred enbodi nents of the notorcycle safety
hel met of the fourth or fifth aspect, each of the two or
nore reagents is contained in the endotherm c reactor,
separated fromother reagents with which it wll react,
in respective cells or reservoirs. At |east one of the
reagents may in that case be contained in a | ayer
arranged to enconpass substantially all or a part of the
head of a wearer. Preferably, one or nore nenbranes
separate the reagents fromeach other, the trigger being
configured to initiate the endothermc reaction by
opening a hole in the nmenbrane through which the
separated reagents nmay be brought into contact.

The headwear of the present invention is able to be
configured to be carried wth 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 arrival or who have already been received
in a hospital.

A notorcycle safety hel net whi ch i ncl udes,
incorporates or enbodies headwear according to the
present invention is able to provide significant cooling

to the brain of a notorcycle accident victim w thout the
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need to renmove t he not or cycl e rider’s hel net .
Neur ol ogi cal deterioration may thereby be reduced and
brain damage can be avoi ded. It is furthernore thereby
possible to reduce the tendency for the notorcyclist’s
head to overheat or becone swelled up whilst it renains

within the confines of the notorcycle hel net.

BRI EF DESCRI PTI ON OF THE DRAW NGS

To enable a better wunderstanding of the present
invention, and to show how the sane may be carried into
effect, reference wll now be nade, by way of exanple
only, to the acconpanyi ng draw ngs, in which:-

Figure 1 is a side external view show ng
di agrammatically the main conponents of a typical full-
face notorcycle safety hel net;

Figure 2 is a cross-sectional side view, showing a
diagrammatic representation of the Kkey constructional
el enents of a notorcycle safely hel met main body;

Figure 3 is an enlarged cross-sectional view of a
portion of the notorcycle nmain body of Figure 2,
indicating diagrammatically the manner in which forces
are distributed and absorbed in the notorcycle safety
hel met during an inpact;

Figure 4 shows a cross-sectional side view of an
enbodi mrent of the main body of a notorcycle safety hel net
according to the present invention;

Figure 5 shows a cross-sectional side view of a
second enbodi nent of the main body of a nobtorcycle safety
hel met according to the present invention;

Figure 6 shows a cross-sectional side view of a
third enbodi nent of the main body of a nobtorcycle safety

hel met according to the present invention;
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Figure 7 shows a cross-sectional side view of a
fourth enbodi nent of the main body of a notorcycle safety
hel met according to the present invention;

Figure 8 shows a cross-sectional side view of a
fifth enbodi ment of the main body of a notorcycle safety
hel met according to the present invention;

Figure 9 is an enlarged view of a cross-section
through a portion of the min body of the notorcycle
safety helmet according to the present invention,
i ndi cating diagrammatically how the foregoing enbodi nents
of the notorcycle safety helnmet can function in the event
of an inpact;

Figure 10 is a further enlarged cross-sectional view
showi ng a portion of the main body of a notorcycle safety
hel met according to the present invention, show ng
diagrammatically the effect an inpact may have on the
f oregoi ng enbodi ments of the notorcycle safety hel net;

Figures 11A to 11C are a series of diagramatic
views illustrating a principle of operation of a trigger
uni t for use in conjunction wth the foregoing
enbodi ments of the present invention;

Figures 12A to 12C are a series of diagramatic
views illustrating the principle of operation of a
further trigger suitable for use in conjunction wth the
f oregoi ng enbodi nents of the present invention;

Figures 13A to 13C are a series of diagramatic
views showing a further triggering system suitable for
use in the foregoing enbodinents of the present
i nventi on;

Figure 14 is a cross-sectional side view of an
enbodi ment of the nmain body of the notorcycle safety

hel met according to the present invention, indicating a
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further optional feature which nmay be applied to any of
t he foregoi ng enbodi nents of the invention;

Figure 14A shows a cl ose-up perspective view of the
further optional feature of Figure 14; and

Figure 15 is a cross-sectional side view of an
enbodinment of an item of headwear configured in
accordance with the present invention, illustrating how
the various fundanental principles of the present

invention may be applied to a range of headwear itens.

DETAI LED DESCRI PTI ON

In the following, Ilike reference nunerals are
utilised are wused to indicate the same or simlar
features in the various enbodi ments of the invention.

In the followng, it wll be appreciated that
acceleration generally enconpasses both a positive
accel eration, which increases speed, as well as a
negative acceleration (deceleration), by which speed is
reduced. The ternms acceleration and deceleration as
used herein should thus be considered as being
i nterchangeable and nutually enconpassing, unless the
specific context dictates otherw se.

A first enbodinent of the min body 3 of a
notorcycle safety helnet is illustrated diagranmatically
in Figure 4, which details the main constructional
el enents of the notorcycle helmet main body 3.

Simlarly to the known nptorcycle safety hel net
descri bed above with reference to Figures 1 to 3, the
notorcycle safety helmet main body 3 includes a rigid
outer shell 10, inside which is provided an inpact
absorbing material |ayer 20. An inner confort |ayer 30

is furthernore arranged wthin the interior of the
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notorcycle safety helnmet main body 3, to provide a
contact surface wth the head of a wearer of the
not orcycl e safety hel net.

It will be appreciated that although the illustrated
enbodi mrents of the notorcycle safety helnet of the
present invention are illustrated as full-face safety
hel nets, other known fornms of notorcycle safety hel net
may be adapted to incorporate a suitable endothermc
react or and triggering device, according to the
principles set forth herein. Specifically, endothermc
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 hel nets,
which still provide protection over the ears of a wearer
but |leave the |ower face and chin exposed; half-hel nets,
whi ch provide protection only to the top of the wearer’s
head; and flip-face helnets, which have a flip-up chin
bar and visor, allowing the helnmet to convert between a
full-face configuration and an open-face configuration.

The rigid outer shell 10 is typically 3 to 5 mm
thick and is normally either an injection-noul ded
thernopl astic or a pressure-noul ded thernoset reinforced
with glass or Kevlar fibres. Pol ycar bonate outer shells
are wdely used. The specific material and type of
construction selected for the rigid outer shell s,
however, not critical to achieving the advantages
obtainable with the present invention. The outer shell
10 not only distributes and absorbs energy by bendi ng and
failing at the inpact point, but also serves to retain
the inpact absorbing material |ayer 20 during an inpact
event, thus preventing it splitting apart and separating

fromits protective position on the wearer’s head.
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The inpact absorbing material layer 20 is typically
formed of a polystyrene bead noulding, with a density in
the range 40 to 70 kg/nf. The foam cells are closed, so
the air inside them is conpressed during an inpact.
Advant ageously, the polystyrene or expanded polystyrene
absorbs a lot of energy as it is crushed (up to 90% of
its original thickness is typical), but does not store
the energy and rebound like a spring, instead retaining
its deformation (remaining conpressed or crushed). Thi s
prevents the stored energy bouncing back and striking
agai nst the wearer’s brain for a second tine.
Pol yuret hane foam has also been used as the inpact
absorbing material layer 20 in some hel nets.

The human brain basically floats inside the skull
within a bath of cervical-spinal fluid and a protective
cocoon called the dura. As noted above, during a severe
i mpact the skull can be brought to a stop, or otherw se
accel erated, very suddenly, but the brain continues
nmoving, which can lead to a nunber of different brain
injuries, from shearing of the brain tissue to bleeding
in the brain, bleeding between the brain and the dura, or
bl eedi ng 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 circunstances 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 | ayer of
i npact absorbing naterial 20 has the function of
gradual ly decelerating the skull during an inpact event,
so as to mnimse differences in notion between the skul

and the brain.
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The inner confort layer 30 is provided usually as a
conbination of soft padding and a breathable nesh, to
ensure that the notorcycle safety helnmet is a confortable
fit during normal wuse, and to ensure that it is held
appropriately in place on the user’s head, to prevent the
helmet from noving around and interfering wth the
concentration and vision of the notorcyclist.

The notorcycle safety helnet main body 3 illustrated
in Figure 4 includes an endothermic reactor, formed in
this enbodi nent of two adjacent |ayers between the inner
confort layer 30 and the inpact absorbing material |ayer
20. More or fewer layers may be used, depending on the
preferred react or ar r angenent for any particul ar
appl i cation. The endothermc reactor in Figure 4 is
formed by an inner layer 40 and an outer |ayer 50. These
two layers contain two distinct reagents, which, when
m xed together, undertake an endotherm c reaction. For
the present purposes, a reaction need not require a
change in the electron state of the substances in each
| ayer, but may be sinply the dissolution of one substance
into a quantity of the other substance. It is presently
preferred for the outer layer 50 to contain a volune of
water, and for the inner layer 40 to contain an anount of
ammonium ni trate.

During nornmal use of the notorcycle safety hel net 3,
the two reagents are held separated from one another in
their respective |ayers. The endothermic reactor 1is
configured to initiate a reaction between the substances
in the inner layer 40 and outer layer 50, as a result of
the helnet suffering an inpact, by operation of an
appropriate trigger nechanism (not shown in Figure 4).
The endothermc reaction taking place between the

substances in the two layers 40 and 50 absorbs energy
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from the head of the wearer of the notorcycle safety
hel net .

When the endothermc reactor is triggered, the water
in outer layer 50 is released into the inner layer 40, to
initiate the endotherm c reaction by causing the anmoni um
nitrate to begin to dissolve into the water. Thi s
i mredi ately begins to produce a cooling effect within the
interior of the notorcycle safety hel net. The reaction
bet ween water and ammoni um hydrate is able to deliver an
anount of cooling corresponding to around 1°C per mnute
after the reaction is initiated, resulting in noticeable
cooling after around four m nut es. Because the
endothermc reaction s progressive, heat wl| be
continually absorbed from the head and brain of the
not orcycl e hel met wearer during the endotherm c reaction.
The progressive nature of the reaction can be enhanced by
configuring the outer layer 50 containing the water to
rel ease the water into the |ayer containing the ammonium
nitrate in a gradual fashion, such as through restricted
openings or via capillary action. The ongoi ng rel ease of
the one reagent into the other will lead to an ongoing
cooling effect for an extended period of tinme, although
this will be determined also in part by the quantity of
the reagent materials contained in the helnmet main body 3,
in the inner layer 40 and outer |ayer 50.

O course, the endotherm c reaction should not be so
severe as to cause any cold burning to the patient, and
in this respect the inner confort |layer 30 can provide a
useful heat transfer nmedium between the endothermc
reactor (consisting of the inner |ayer 40 and outer |ayer
50) and the head of the wearer of the notorcycle hel net.

A dissolution reaction between water and ammonium

nitrate is presently preferred, since the reagents and
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the products of the reaction are relatively non-toxic.
It is, of course, intended for the reagents to remain
contained within the endothermic reactor, and not to be
rel eased onto the wearer or into the external environnment.
Nevertheless, it is conceivable that the reagents could
be released during the inpact event, exposing the wearer
of the notorcycle safety helnmet to the reagents and/or
pr oduct s. The reagent and reaction products should, for
this reason, not be toxic to the wearer of the notorcycle
helmet or any attending nedical practitioner, if they
becanme exposed to them

As well as dissolution of anmonium nitrate in water,
a nunber of further endotherm c reactions are known which
could be of practical application, in accordance with the
present invention. Not ably, for applications where the
headwear in question is not a notorcycle safety hel net,
there is a markedly reduced risk of the wearer of the
headwear comng into contact wth the reagents and
reaction products in question. O her known endothermc
chem cal reactions, which mght be utilised in place of

di ssolving anmmoniumnitrate in water, are:

. reaction of barium hydroxide octahydrate crystals

wi th dry amoni um chl ori de;

. di ssol vi ng ammoni um chl oride in water;

o reaction of thionyl chloride (SOC,) with cobalt (I1)
sul fat e hept ahydr at e;

. m xi ng water wi th potassiumchloride; and

. reaction of ethanoic acid wi th sodi um carbonate.

It is also contenplated that in an alternative
configuration the endothermic reactor mght contain

pressurized or liquefied gas, which could be gradually
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released into the interior of the helnet, between the
i npact absorbing material 20 and the inner confort |ayer
30, so as to provide cooling to the inside of the hel net
as the gas expands. The gas expansion passage within the
hel met could be appropriately configured so as to vent
the expanded gas into the atnosphere after release and
cooling of the helmet interior. Such form of cooling
woul d, however, be nore appropriate for alternative itens
of headwear than a notorcycle safety helnet, which is
liable to suffer extrene inpacts, as well as substanti al
tenperature variations. Such gas expansion cooling,
however, mght find ready application to a headwear item
suitable for wuse by paranedic teans in the initial
treatnment of head injury victins.

The cooling of the internal region of the hel met not
only provides imediate conmmencenent of the cooling
process during an inpact event, but offers the
significant advantage, in a notorcycle safety hel net
application, of providing cooling to the notorcyclist’s

head w thout having to renove the notorcycle safety

hel et . It is advisable not to nove the victim of a
notorcycle traffic accident, if safe and reasonable not
to do so, in case they have suffered spinal or neck
injuries. If they have, attenpting to nove the accident

victim or to renove the notorcycle safety helnmet could
result in causing damage to the spinal colum; notorcycle
safety helnmets should only be renoved once an experienced
medi cal practitioner has had opportunity to assess
whether it is safe to renove the hel net. By providing
cooling to the inside of the notorcycle safety hel net,
the onset of neurological deterioration following the
initial brain trauma can be delayed and the chances of

suffering brain damage reduced. Simlarly, t he
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consequences of further injuries, for exanple, restricted
bl ood flow and |ack of oxygen to the brain, can also be
offset by cooling of the brain in this fashion.
Additionally, swelling and inflammtion can be reduced,
which will relieve pressure on the brain within the skul
cavity, as well as ensuring that it should be possible
still to renpbve the notorcycle safety helnet from the
wearer’s head, at an appropriate tine.

Figure 5 shows a second enbodi ment of a notorcycle
safety helnet main body 3, including the sanme reactor
inner layer 40 and reactor outer layer 50 as shown in
Figure 4. In the enbodinent of Figure 5, nultiple
pl ungers 60 are provided as trigger nechanisns by which
to initiate the endotherm c reaction between the inner
|ayer 40 and outer layer 50. The plunger trigger
mechanism 60 is configured so that, during the contact
expected in nornmal use between the head of the
notorcyclist and the plunger, no triggering action wll
t ake place. However, during an inpact situation, the
forces applied by the user’'s head against the sides of
the helnmet will cause the plungers 60 to be depressed
initiating the reaction between the substances in the
i nner layer 40 and outer |ayer 50.

Figures 6 to 8 show alternative configurations of
how the inner confort l|ayer 30, inner reactor |ayer 40
and outer reactor layer 50 may be arranged so as to be
better acconmodated, confortably, within the confines of
the notorcycle safety hel net.

It is of course recognised that the endothermc
reactor layers 40 and 50 increase the overall nmass and
bulk of the notorcycle safety helnet nmain body 3.
However, it is not wunconmmon for the inpact absorbing

material layer 20 to have a relatively conplex structure
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in existing notorcycle safety helnmets (the structure nmay
be arranged as a series of segnents or other conponents,
simlar to the helnmets worn by pedal cyclist, or can be
made up of separate conponents having different densities
for different inpact absorbing characteristics). Thi s
provides significant scope for formng the inpact
absorbing material into a non-uniform |ayer surrounding
the head of the wearer of the notorcycle safety hel net,
by which expedient various cavities and channels can be
formed in the inpact absorbing layer 20 within which the
materials of the endothermic reactor can be stored in
their separate inner layer 40 and outer |ayer 50. The
endotherm c reactor may be provided thus as a single
endotherm c reactor conprising tw |ayers which each
substantially fully surround the wearer’s head, or as one
or several separate reactors or reactor units conprising
respective or conmunal inner and outer |ayers of reagent.

The enbodi mrent shown in Figure 6 is simlar to that
in Figure 5, except that the inner confort layer 30 is
provided only as a series of separate confort pads wthin
the inner region of the notorcycle safety helnet main
body 3.

In the enbodinent of Figure 7, the helnmet is
provided with an inner confort layer 30 and an inner
reactor layer 40, simlar to the enbodi ments of Figures 4
and 5. However, the outer reactor layer 50 is fornmed as
a series of pockets or <cells containing the second
reagent (water), each configured with a trigger (plunger)
60 to release the water into the ammonium nitrate |ayer
during an inpact event. As can be seen, the outer |ayer
50 is fornmed into various pockets of reagent |ocated
within the nmaterial of the inpact absorbing |ayer 20,

spaced around the shell of the helnmet main body 3.
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Al t hough these pockets may be fornmed as separate cells or
reservoirs, they my be fluidly interconnected by
sui t abl e channel s. In the enbodinment of Figure 7, the
separate outer reagent reservoirs 50 feed into a common
reactor inner |ayer 40.

A simlar arrangenent is shown in Figure 8, in which
pockets are formed within the mterial of the inpact
absorbing layer 20, within which respective ones of both
an inner layer 40 and an outer layer 50 of reagent are
formed, thus constituting several individual reactors in
the different pocket locations. In the exanple of Figure
8, a separate trigger or plunger 60 is provided for each
of the individual reactor pockets.

Drawings Figure 9 is a schematic enlarged cross-
sectional view showi ng one exanple of how the plunger 60
can be depressed during an inpact event equivalent to
that shown in drawings Figure 3. 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 l|ayer 40, as denoted by arrows in
Figure 9. Figure 10 simlarly illustrates how the
adj acent | ayers of the reactor are conpressed together at
a conpression point P, between the outer inpact absorbing
| ayer 20 and the inner confort l|layer 30, as the wearer’s
head travels into and decelerates against the i npact
absorbing material |ayer 20 (or vice versa). In the case
of water being contained in the outer l|ayer 50, this
water is conpressed and forced outwardly away from the
conpression point P, during the inpact event.

Any suitable trigger nechanism can be utilised for
initiating the endothermc reaction between the inner
| ayer 40 and outer |ayer 50. Several exanples follow

whi ch can be classified as “passive”, the reaction being
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initiated sinmply by virtue of the conpression of the
i nner and outer |ayers 40,50 between the inpact absorbing
material 20 and the head of the wearer of the notorcycle
safety hel net . Al ternatively, “active” trigger
mechani sms could be enployed, which provide a further
input to initiate the endothermc reaction, in response
to a signal generated as a result of the inpact event, or
detection of a likely inpact event. For exanpl e,
accel eroneters can be used to determ ne when the hel net
undergoes acceleration having a nmagnitude above a
specified threshold, indicative of a collision or inpact.
Such sensors can operate from a separate battery or other
power source self-contained within the helnmet, or may be
powered via the existing battery supply of a notorcycle.
These and simlar trigger nmechanisns already exist for
use in “pre-enptive’” (i.e., those designed to trigger an
action imediately prior to an inpact) notorcycle safety
appl i cations. For exanple, various applications are
presently being devel oped by which to incorporate airbag
features into nmotorcycle safety helnmets and other
nmotorcycle clothing, and this |ine of devel opnent nmay be
utilised in conjunction with the endotherm c reactors of
the present invention.

A first illustrated triggering nmechanismis shown in
Figures 11A to 11C As shown in Figure 11A the
endotherm c reactor is fornmed by inner layer 40 and outer
| ayer 50, which are separated by an internedi ate nenbrane
72. Encapsul ating nenbranes 70 and 74 are provided
respectively inside and outside the inner and outer
| ayers 40 and 50 of the reactor, to contain the reagents
within the respective |ayers. Pl unger 60 is connected
via a shaft 62 to a plug 64 forned in internediate

separating layer 72 of the endotherm c reactor. Pl unger
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60 initially protrudes internally of the inner nmenbrane
70, as shown in Figure 11A During an inpact event, the
conpression force at point P forces the plunger 60 into
the outer |ayer 50, and causes plug 64 to separate from
the adjacent portions of the separating nenbrane 72, as
it is forced outwardly by the shaft 62 being depressed.
This is shown schematically in Figure 11B

After the inpact event, the plunger 60 renains
depressed, with the plug forced into the outer reactor
| ayer 50. As shown in Figure 11C, this allows the
reagent (water) stored in outer layer 50 to flowinto the
inner |layer 40 (or vice versa, if the layer in which each
reagent is stored is reversed).

A further trigger nechanism is illustrated in
Figures 12A to 12C. The trigger mechanism conprises a
plunger 80, with a pointed shaft 82 extending into the
i nner |ayer 40 of the reactor. A biasing nenber, here in
the form of a spring 84, is provided between the plunger
80 and the nenbrane 70 of the endothermic reactor, and
bi ases the plunger 80 inwardly into the notorcycle safety
hel net cavity, against a spring plate 86, as shown in
Fi gure 12A

During an inpact event, as shown in Figure 12B, the
pl unger 80 becones depressed, causing the pointed shaft
82 to pierce the separating nenbrane 72 between the inner
| ayer 40 and outer layer 50 of the endotherm c reactor.
At the sanme time, this conpresses the spring 84 between
the plunger 80 and spring plate 86.

After the inpact event, the spring 84 produces a
spring force S, which biases the plunger 80 inwardly into
the interior of the hel net. This serves to retract the
poi nted shaft 82 from the separating nenbrane 72, as the

spring force acts against the spring plate 86. Thi s
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again allows the reagent (water) in the outer layer 50 to
flow into the inner layer 40, to initiate the endothermc
reaction.

A further alternative trigger arrangenent is shown
in Figures 13A to 13C, in which the outer layer 50 can be
seen to be divided into separate cellular elenents
bet ween divi di ng nmenbranes 76, and between the separating
menbrane 72 and the outer nenbrane 74. The separating
menbrane, as shown in Figure 13A is provided wth
frangible regions 78, which are deliberately weakened
relative to the remainder of the nenbrane |ayer, and
configured to tear or burst when a tension in the
separating nenbrane 72 exceeds a predeterm ned value
(i.e., when the pressure within the cell, which produces
a tension in the nenbrane 72, exceeds a predetermnm ned
val ue) .

Figure 13B illustrates how the inner and outer
reactor |ayers are conpressed during an inpact event,
di splacing the reagent in the outer |ayer 50 away from
the inpact point, and increasing the pressure in that
cell. This causes frangible regions 78 to burst under
the increased pressure, thus releasing the reagent
(water) from the cell in the outer layer 50 into the
inner layer 40, thereby initiating the endothermc
reaction, as shown in Figure 13C As also visible in
Figure 13C, the nenbrane 72 separating the inner |ayer 40
and outer layer 50 is provided under substantial initial
tension, such that, when the frangible regions 78 are
burst, the nenbrane shrinks away from the newy created
holes, wdening the available area through which the
reagent in the outer layer 50 can pass into the inner

| ayer 40.
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Figure 14 shows an enbodi nent of the main body 3 of
a nmotorcycle safety helnet according to the present
invention, including the sane rigid outer shell 10,
i npact absorbing material layer 20 and inner confort
| ayer 30, as well as inner and outer reactor |ayers 40
and 50, as shown in the foregoing enbodinents. The
helmet nmain body 3 further includes an energency
initiation switch, through which the cooling effect of
the helmet can be deployed by another person. Thi s
allows any person first on the scene of a notorcycle
traffic accident to initiate the reaction, to ensure that
the cooling process has commenced. Emergency initiation
device 90 can take any suitable form but is illustrated
as being a lever-actuated plunger device, which wl]l
retract a plug between the inner and outer |ayers 40,50
(in the separating nenbrane 72) to release the reagents
into contact wth each other. A close-up external
perspective view of the Ilever nechanism is shown,
illustratively, in Figure 14A

Al ternative trigger nechanisns may be deployed in
any of the foregoing enbodi nents, and any enbodi nent nmay
enploy two or nore trigger nechanisns, rather than only
one. For exanple, the nenbrane 72 between the inner
reactor |ayer 40 and the outer reactor layer 50 may be
made from a shape nmenory nmaterial, such as the nickel-
titanium alloy “Ntinol”, which can be deflected between

two different positional arrangenents, defined by two

separ at e, stable crystal or nol ecul ar states or
orientations within the material. The material my be
selected to have a first known position, in which it

formse a nenbrane separating the two |ayers 40,50, and a
second position in which the material is retracted, due

to folding or curling-up of the material when pronpted to
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transition into the second position associated with a
different crystal or nolecular state or orientation. The
transition between the “nmenorised” first and second
states may be triggered by a force above a threshold
magni tude applied during an inpact (“passive”), or by
application of heat or an electric current ("active”,

al though notion can be used to generate electromagnetic

signals or inpulses, so it will not always be necessary
to have an associated power supply). Menbranes whi ch
will retract or otherwise release the reagents into

contact in response to an applied voltage or current may
be ternmed “el ectroreactive”.

Simlar structural arrangenments can be configured
using less specialised materials (an exanple from
everyday life being the lids on netal tins, particularly
if partially dented, which can be repetitively presses
between slightly convex and slightly concave positions,
but wll remain in either position unless further
restoring action is taken).

Val ve-based trigger arrangenents wl| al so be
effective, depending on the particular reagents to be
used and the particular intended application of the
headwear .

It is also contenplated for the reagent in one of
the layers 40, 50 (in the foregoing enbodinents, the
water in outer layer 50) to be contained in the |ayer
under pressure, so as to cause the reagent to be forced
into the adjacent l|layer, to mx with the other reagent,
when the reaction is triggered.

Figure 15 shows how the basic principle of the
present invention nay be extended into alternative itens
of headwear, other than a notorcycle safety hel net. A

head conform ng nenber 130, which takes the form of a



29

bal acl ava or simlar item of headwear, is shown having a
simlar profile to the inner confort layer 30 in the
not orcycl e safety hel net enbodi nents descri bed above. It
is contenplated that such an item of headwear could be
worn in conjunction with another notorcycle safety hel net,
if equipped with an appropriate trigger mechanism rather
than being integrated into the notorcycle safety hel net
itsel f. This would allow existing notorcycle safety
helnmets to be upgraded in accordance with the present
i nvention, relatively sinply. Al ternatively, t he
headwear is intended to be used as an item of energency
medi cal equi pnent for use by trained paranedics in the
treatment of head injury victinms, or my be utilised
within a hospital environment to reduce brain swelling
and neurol ogical deterioration in traunma victins. Such a
pi ece of equipnent mght have particular application to
stroke victinms, and mght therefore be installed in first
aid boxes, such as at sports venues and in offices and
care homes.

The item of headwear nmay be configured as a
bal acl ava, 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 140 and 150,
containing reagents which, when mxed or otherw se
brought together, perform an endotherm c reaction. The
react or | ayers are judiciously ©placed around the
conform ng nenber 130 to facilitate the ease with which
t he 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 simlar to the energency initiation
device 90 of Figure 14, is provided in order to initiate
the reaction between the conmponents in the inner and
outer layers 140, 150 of the endothermc reactor
Pulling on the handle 192 renoves the plunger 190 to
remove the plug from the nenbrane separating the inner
and outer |ayers 40, 50.

It is, of course, possible in any enbodinent,
including the foregoing exanple enbodinents, for the
reagents to be provided other than in tw |ayers.
Reagents can be coupled that will sit side-by-side (for
exanple, as «crystals, or in a suspension), Wwthout
reacting, until an initiation event takes place, such as
passing a current through the adjacent or m xed reagents,
or application of significant pressure, whereafter the
reaction wll proceed in a self-propagating fashion.
Alternatively, the reagents may be forned into nultiple
alternating layers, or in a series of adjacent cells or
pockets.

VWilst the invention has been descri bed above w th

reference to specific exenplary enbodinents, it 1is
contenpl ated that practical applications will energe in a
nunber of areas. For exanple, helnmets are worn in the

majority of high-speed non-contact sports, such as
notorcycle and notorcar racing, downhill skiing, etc.
Simlar safety helnets are also worn by the pilots of jet
pl anes, as well as by police and mlitary personnel.
Hel nets are also worn in certain contact sports, such as
American 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 non-critical event.
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d ai ns:

1. Headwear conprising an endotherm c reactor and a
trigger to initiate an endothermc reaction in the

reactor whilst being worn on a wearer’s head

2. The headwear of Claim 1, wherein the trigger is
arranged to initiate the endothermc reaction in
response to detection of an inpact or inm nent

i npact on the headwear.

3. The headwear of Claim1l1 or 2, wherein the trigger
is arranged to initiate the reaction in response

to an inpact on the headwear.

4. The headwear of Claim1, 2 or 3, wherein the
headwear is a helnmet for protection of a wearer’s

head from i npacts.

5. The headwear of C aim4, wherein the headwear is a

not orcycl e safety hel net.

6. The headwear of C aim 2, wherein the headwear
conprises neans to detect an inpact or inm nent
i npact based on a detected accel eration of the

headwear exceeding a threshold magnitude.

7. The headwear of Claim3, wherein the trigger is
arranged to initiate the reaction in response to a
force or pressure generated in the headwear by the

i npact exceeding a threshol d nmagnitude.
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The headwear of any preceding claim wherein the
endot herm c reactor conprises two or nbre reagents
which will react together in an endothermc

reaction, when the reaction is initiated.

The headwear of C aim 8, wherein each of the two
or nore reagents is contained in the endothermc
reactor, separated fromother reagents with which

it wll react, in respective cells or reservoirs.

The headwear of Claim9, wherein at |east one of
the reagents is contained in a layer arranged to
enconpass substantially all or a part of the head

of a wearer.

The headwear of Caim9 or 10, wherein one or nore
menbr anes separate the reagents from each ot her
the trigger being configured to initiate the

endot herm c reaction by opening a hole in the
menbr ane t hrough which the separated reagents nay

be brought into contact.

The headwear of C aim 11, wherein the trigger
i ncludes a plunger for opening the hole in the

menbr ane.

The headwear of C aim 11, wherein the trigger

i ncl udes one or nore frangible regions in the
menbrane, configured to open to forma hole when
tension in the nenbrane exceeds a threshold

magni t ude.
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The headwear of O aim 11, wherein the nenbrane or
trigger conprises a shape nenory alloy, or a shape
menory structure, in a first nmenorized state and
is configured to open a hole in the nenbrane in
response to a change in the shape nenory state to

a second nenori zed state.

The headwear according to any preceding claim
wherein the trigger conprises a shape nenory all oy,
or a shape nenory structure, in a first nenorized
state and is configured to initiate the reaction

in response to a change in the shape nenory state

to a second nenorized state.

The headwear according to Caim2, wherein the
trigger conprises an el enment of electroreactive
material for initiating the reaction in response

to a signal generated by said detection.

The headwear according to any preceding claim

wherein the endotherm c reactor is configured to
contain the reagents and the reaction products of
t he endotherm c reaction prior to and during the

reacti on.

The headwear according to any preceding claim
further including an enmergency initiation device

al so operative to initiate the reaction.

Headwear conprising a gas-expansi on cooling device

for cooling a wearer’s head and a trigger to
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initiate release of the gas froma pressurized
container into a deconpression region adjacent to
or in a region of the headwear that is configured

to enclose the head of a wearer.

Headwear conprising a reagent package arranged to
renove heat energy froma wearer’s head when

activated by an inpact.

A notorcycl e safety hel met conpri sing:

- arigid outer shell;

- 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 together in an
endotherm c reaction to absorb heat frominside

t he hel net; and

- atrigger arranged to initiate the endothermc
reaction in the reactor, whilst being worn on a
wearer’s head, in response to detection of an

i npact or inmm nent inpact on the hel net.

A notorcycle safety hel met conpri sing:

- arigid outer shell;

- 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 together in an
endotherm c reaction to absorb heat frominside

t he hel met; and
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- atrigger arranged to initiate the endothermc
reaction in the reactor, whilst being worn on a
wearer’s head, in response to an inpact on the

hel net .

The notorcycle safety helnmet of Caim21 or 22,
wherein each of the two or nore reagents is
contained in the endotherm c reactor, separated
fromother reagents with which it wll react, in

respective cells or reservoirs.

The notorcycle safety helnmet of Caim 23, wherein
at |l east one of the reagents is contained in a
| ayer arranged to enconpass substantially all or a

part of the head of a wearer.

The notorcycle safety helnet of Caim23 or 24,
wherei n one or nore nenbranes separate the
reagents fromeach other, the trigger being
configured to initiate the endotherm c reaction by
opening a hole in the nenbrane through which the

separated reagents may be brought into contact.
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ABSTRACT

BRAI N COOLI NG DEVI CE

There is disclosed headwear conprising an endotherm c
reactor and a trigger to initiate an endotherm c reaction
in the reactor whilst being worn on a wearer’s head.

Such may preferentially be utilised in or in conjunction
with a notorcycle safety helnmet or simlar crash
protection device. The headwear is intended to prevent
or delay the onset of brain danmage as a result of serious

trauma or head injury.

(Fig. 4)



