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beacon for warning of potential hazards. Specific aspects of the invention
relate to the hazards presented in usej of aircraft 5 refuelling protection
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valved pit head and a removable cover that, when in place, lies flush with the

surrounding surface of the apron. When removed, the cover permits access to the pit
head so that a nearby aircraft can be refuelled by fuel flowing through the pit head.
15
The underground refuelling network is pressurised and maintains fuel pressure
through a series of automatic inline .pumps. These pumps operate automatically in the
event of a detected drop in fuel pressure, for instance when an aircraft begins to take
fuel from the refuelling network, so that there is sufficient pressure to refuel more than

20  one aircraft simultaneously.

In aircraft refuelling systems of this type, a refuelling support vehicle, or
hydrant dispenser, provides the link between an aircraft and érefuelling pit. The
purpose of the hydrant dispenser is to monitor the quantity and quality of fuel

25  dispensed to the aircraft. Accordingly, the hydrant dispenser is positioned adjacent the
aircraft’s refuelling point to meter and filter fuel flowing from the pit head to the
aircraft, for which purpose the hydrant dispenser is connected to the pit head by a
fuelling pipe or hose and to the aircraft by another pipe or hose. The hydrant dispenser
may also carry these pipes on spools when not in use, together with any attachments,

30  couplings or connectors necessary to attach the pipes to the aircraft and the pit head.
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15
The most likely section in a refuelling network for a collision to occur and
cause a fuel leak is in the link between the hydrant dispenser and the refuelling pit.
The coupling at the pit head and the refuelling pipe that leads from the coupling to the
hydrant dispenser do not rise much above ground level and are relatively small

20  compared to the scale of the surrounding machinery, making them easy to miss.

It might be thought that even if a collision did occur and cause a fuel leak, it
would simply be a matter of closing a valve to prevent, contain or extinguish a
resulting fire by starving it of fuel. Unfortunately, this is not so. It is not practical for
25  the pressure control means of the system to differ.entiatelbetween' a normal drop in fuel |
pressure that occurs during refuelling and a pressure drdp that mi ght have occurred
due to a leakage in the refuelling network. In fact, it has happened that after an
accident has caused a leak in the refuelling network, the pressure control means of the
system has switched on additional pressurisation pumps in an attempt to restore fuel
30  pressure in the ring main system, thereby worsening the already dangerous situation
by pumping ever more fuel to the site of the leak. A simple fracture in an above-

ground fuel conduit can therefore cause an uncontrolled gusher of fuel, which will
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The current practice as described above is unsatisfactory as it relies upon

15  alertness of the refuelling operator and human intervention to pull the lanyard in time.
So, it fails if the operator is incapacitated, slow or unobservant, and also because the
lanyard itself might not work in an emergency situation. For example, instances have
been documented of a vehicle colliding with a refuelling pipe or coupling and the
lanyard being trapped beneath a wheel of the vehicle in a manner that prevents the

20  valve being closed by pulling on the end of the lanyard. Also, whilst pit heads have a
fail-safe design, it is possible that a major collision could prevent the lanyard closing

the valve at all.

The invention embodies a principle, namely that a portable beacon can be

25  positioned to deter damaging access to a deactivatable hazard, the beacon including
means for deactivating the hazard in the event of impending damaging access to the
hazard and proximity sensor means responsive to the proximity of a threat, wherein
the proximity sensor means is responsive to the distance of the threat from the beacon.
The principle can also be expressed as a method of protection against a deactivatable

30  hazard, the method comprising positioning a portable beacon to deter damaging access
by a threat tb the hazard and the portable beacon deactivating the hazard in response
to proximity of the threat to the beacon.
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exposed conduit in a fuel supply or storage system, the method comprising positioning
a portable beacon to deter collision by a threat with the conduit and in the event of
15 actual or impending collision with the beacon, the beacon co-operating with the
conduit to shut off fuel flow through the conduit in response to proximity of the threat

to the beacon.

The invention extends to a safety system including a deactivatable hazard and
20  aportable beacon as defined herein, especially when the beacon is positioned to deter
damaging access to the hazard and is linked to the hazard for the purpose of

deactivation.

The invention also embraces a fuel supply or storage sys_tém, the system
25  comprising a portable beacon as defined herein adapted to deter collision with an
exposed fuel conduit, the beacon including means co-operable with the conduit to shut
off fuel flow through the conduit in the event of actual or impending collision with the
beacon to prevent uncontrolled leakage of fuel through collision damage to the
conduit. The advantages of the invention are particularly apparent where the fuel

30  supply or storage system is adapted to refuel aircraft.

Further beneficial but optional features are set forth in the subsidiary claims

appended to this description and in the specific description that now follows.
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ready for use;

Figure 4 is a circuit diagram of the beacon of Figure 3 in an operative state

15 ready for use; and

Figure 5 is a circuit diagram of the beacon of Figures 3 and 4 in a triggered

state after triggering of the beacon's safety shut-off mechanisms.

20 Referring firstly to Figure 1 of the drawings, a pit head of standard design and
layout comprises a circular récess (10) formed in the surrounding concrete or tarmac
of an airport apron. A pit hydrant (1) rises from the base of the recess (10) to near the
ground level defined by the apron, so that when the pit head is not in use, a
substantially flush-fitting cover (not shown) can be secured over the recess to protect

25 the hydrant. However, in use as illustrated, the cover is removed and a coupling (2) is

attached to the hydrant.

The coupling (2) is one end of a fuel pipe (3) or hose that lies generally parallel
to the apron, for which purpose the coupling turns the flow of fuel from the hydrant
30 (1) through 90° from the vertical to the horizontal. As is well known in the art, the
fuel pipe (3) leads to a hydrant dispenser parked on the apron and from there to an

adjacent aircraft’s fuel inlet. These are omitted from the drawings for clarity.
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when the pitcgad is not in use, a substantially flush-fitting cover (not

shown) can be secured over the recess to protect 25 the hydrant. However,
in use as illustrated, the cover is renmoved and a coupling (2) is attached

to the hydrant. e cou l'i n nd of a pe..( hose t hat
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lanyard (5) is pulled upwardly.

All of the abovementioned features are part of the prior art and, moreover,

15  describe a wholly standard combination of pit head, coupling and fuel pipe. They have
been described first to put the invention into context and also to show how the
invention can be used in standard applications with minimal modification and hence
no major capital investment. It will also be apparent that the lanyard is left in place,
enabling an operator to shut down the fuel feed mechanically in the traditional way if

20 needs be.

Moving on to the features of the invention, a protective beacon (8) is seated on
top of the recess of the pit head, thus covering the hydrant (1) and substantially
covering the coupling (2). The beacon (8) comprises a hollow frusto-conical outer

25  shell (9) whose circular-section side wall is continuous from its bottom edge near the
rim of the recess to the flat horizontal top of the shell, save for an aperture provided in
one side. This aperture accommodates a minor downstream portion of the coupling (2)
that leads into the fuel pipe (3), and is open to the bottom edge of the shell to allow
the beacon to be placed on top of the assembled coupling (2) and hydrant (1).

30

The bottom edge of the shell (9) seats into the surrounding rim of the recess
(10) and an outwardly-projecting flange (11) lies outside the recess (10) on the
surrounding apron to limit the degree of insertion of the shell (9) into the recess (10).
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coupling (2). The beacon (8) conprises a holl ow frusto-conical outer 25
shel | (9) awpogtaprdin wnlanmsetwhmwbmwbgwmght,snezmmsuvmmsociucg and sisnlet t om

e.dge near tE) €ep clean. High density heavy-duty moulded plastics such as are used to

manufacture traffic cones are currently preferred. The shell should be of a highly-
visible external colour such as orange, preferably in self-coloured plastics,

15 supplemented as necessary by reflective attachments.

In the preferred embodiment illustrated, visibility of the beacon is enhanced by
an array of high-visibility, very high-brightness LEDs (12) that extends in a band
around the shell (9) of the beacon (8) near its top. These LEDs (12) suitably flash or

20  strobe when in use. To viewers on the apron, the LEDs (12) are visible from all
around the beacon in a 360° field of view but to viewers from above, notably aircraft

in flight, the LEDs (12) cannot be seen. This is to comply with airfield regulations.

The LEDs (12) are switched on by a seating sensor (13) situated inside the

25  hollow shell (9) of the beacon (8) at its bottom edge. The seating sensor (13) is a
microswitch including an actuating element that bears against a shoulder within the
rim of the recess when the shell is correctly seated in the recess. When the actuating
element is depressed by the shoulder, the microswitch closes a circuit that powers the
LEDs (12), which by illuminating therefore serve to confirm that the beacon (8) is

30 correctly in place. To guarantee correct seating, there could be more than one seating
sensor spaced angularly around the bottom edge of the shell, all of which have to bear

against the shoulder to close the circuit that powers the LEDs.
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suppl esrenbRE] gt RRECHERIsYhdy. reflective attachments. In the preferred
enbodi ment illustrated, visibility of the beacon is enhanced by an array

of high-visibility, very high-brightness LEDs (12) that extends in a band
A suitable 3/2 valve is made by Parker Pneumatic, part number PXB-B1921
with a switch body PXB-B2021. An alternative solenoid-activated 3/2 valve is made

by Schrader. Both are available from EPIC at www.epic-catalogue.com. The signal
15  required by each type of 3/2 valve is well documented and consistent with safety in a

refuelling environment.

When placing the beacon (8) over a refuelling pit, the operétor activates a
timer (not shown) by pressing a suitably-placed touch button. This energises and
20  closes the 3/2 valve (17) while the timer is active which allows air to pressurise the
pneumatic actuator (14), thus arming the actuator by moving the actuator piston (18)
downwardly against the bias of a spring (19) within the actuator body. Pressurised air
can now also flow beyond the T-junction (15) along the air line to the coupling (2),
thus causing the underground valve in the hydrant to open.
25
During a timeout period determined by the timer (for example, one minute
from pressing the button), the operator must connect the lanyard (5) to a cleat (20)
mounted on an arm (21) attached to the downwardly-retracted piston (18) of the
actuator. A microswitch (22) on the arm (21) detects the presence of the lanyard (5) in
30 the cleat (20) and, when closed by the presence of the lanyard (5), energises the 3/2
valve (17) to keep the valve closed after the timer has deactivated. However, if the
timeout period expires without the lanyard (5) being put into the cleat (20), the 3/2
valve (17) opens. By virtue of the non-energised air switch (16) that allows air to flow



around the shell (9) of the beacon (8) near its top. These LEQ&z( )
'suitdbly flash or 20 strobe when in use. To viewers on the apro ,ﬂﬁﬁeREEDQQDOE

(12) are visible fromall around the beacon in a 360 field of view but to
viewers from above, notably aircraft ign flight, the LEDs (12) cannot be
seen. This is to conply with airfield regulations. The LEDs (12) are
switched on by a seating sensor (13) situated inside the 25 hollow shell

(9) of therhRarOD-iiftiodl(15)ts abRdspRsRetAiBe 37%16@@%,&&@@@%%@&@%1 s a
m croswitch i ncl uéll ng an actuating el ement that bears against a shoul der
wi t hi n t heair ling lsadingéo theceuplingrad spishuts héfthe fugl supphbect |y seated in the
recess. When the actuating elenent is depressed by the shoul der, the
mcroswitch closes a circuit that powers the LEDs (12), which by

i ['1um nating therafl BeRofedien FRxuf®NHat thethdBbwishell (53¢ ek HeBdorl ﬁz)aﬁocor rectly
in place. To guarantee correct seating, there could be nore than one

seating swmémns &piboivnsenor 623) yhat couentrgibearnsoenonopandbe oir switeh {HoIte,  al |
Dowers.  nbeee §egoh PR Pheitets SRRHIGT FLa)herthS Botatpr et S LA 1 abi e
from RS Cotgmenembeerdiént chirhBrefiétcSymne 58y gd)) %eigl%lkl.n@&keggﬁlbd vegagale 8f othe beacon

(8) also contains a pneumatic actuator (14 power ed " by npressed air
bl ed from eobleding body dahiy deprasburiseg)thepnFutnaticadtentor((14)) whigh pnlls the lansacdn i s

pl aced over.,a refuellin i t he..oper.at or, push-fj.ts. an ai.r line fromthe
beacon ont@ ?’F\‘%ﬁ e jshlhtﬁ g?%ﬂ&h_e‘rrﬁg‘wgf HIEIRECI}&B&&@Y-F%HIPH@GBHQ&HEF i ¢ actuator
(14) vir aRickbdwitch2)dh thd Gim Whiseithe BN 8Fe MG EDbSRIwhich depFi@irisgs cl osed to
permt the passage of air through the switch, and a 3/2 valve (17) which,
unl ess enethgiidite léagdingotorted copptipg (2)tand shats down thethydrangidispensent nosphere.. A
suitable 3/2 valve is made by Parker Pneumatic, part nunber PXB-B 1921
It will therefore be clear to those skilled in the art that the fuel supply is shut
down automatically in the event of a collision with the beacon (8), before any damage
15 and consequential fuel leakage can occur. Of course, it is much preferred that the
beacon (8) does not suffer a collision at all and that its immediate environs are
protected too. Accordingly, apart from its high-visibility features such as the LED
array (12) and its colour, reflectivity and size, the beacon of Figure 1 also includes
proximity sensors (24) disposed in an equi-angularly spaced array around the upper
20  external periphery of the beacon (8), just under the LED array. As best shown in
Figure 2, four proximity sensors (24) at 90° to each other can together give 360°

coverage around the beacon.

The proximity sensors (24) are able to detect an object whgn it encroaches into

25  asensing field at a predetermined range of, say, 1m and, in response to such detection,
to set off a warning siren (not shown) that provides a warning audible to those near
the beacon (8). This may, for example, be enough to prevent a driver inadvertently
reversing a vehicle into the beacon (8) and will, at least, alert the refuelling operator
that there is a risk of collision in case the operator does not notice how close the

30  vehicle is to hitting the beacon (8). It is envisaged that a siren of approximately 130dB
could be accommodated within the beacon (8) and would be adequately loud for the
task. The proximity sensors (24) may be of ultrasonic type, similar to those used on

the front or rear of vehicles to provide distance information while parking.



wth a switch body PXB-B202 1. An alternative sol enoid-acti Vat]%ﬂﬁ]’,@pé’&'&ﬁ)@ﬁ

is made by Schrader. Both are available from EPIC at

WWw. epi c- cat al ogue. com The signal is required by each type of 3/2 valve is
wel | docunented and consistent with safgety in a refuelling environnent.
When pl acing the beacon (8) over a refuelling pit, the operator activates a
timer (not shown) by pressing a suitably-placed touch button. This

energi ses and 20 closes the 3/2 valve (17) while the timer is active which
allows air to pressurise the pneumatic actuator (14), thus armng the
actuat or by novlgmetivelyer inadditioptee samingyireng s wiiktastsignaguchat a e bi as of
a spring (19 1 £ hip. the act uat ody, Pr, | i 0 | so fl ow
beyond ¢ neover Fidbl o8 5te ity PhSHolf SERTH paFhnrRls piBRlMSF 0,

causi ng t hpowRyRidiome shelRITHE: sighat e teyssietuptsy DRRRspoingretéigerdot | MeoUt
period determ ned by the tinmer (for exanple, one mnute frompressing the
g

but t on), tievidp eaansraton aftthersaeizen suchas paniyar of o Wytably-equinpedveliold) nount ed

et ot or i h EBhGGNEoR S5 pAGRNRRE faboh SHABRGR MRl al Rk Rl L D,
| anyard ( S)isuahaiPaddi6le F@a! of cHd)beauded to\m%erq%nm@aﬂévy dybRemirsegeanceof the

| anyard (5), energises the 3/2 valve (1/7) to keep the valve closed after
the timer dwtematichrekingoévchiclesvbiotleaturea waming repgivernas geempenent9f eBs wi t hout

t he | anyar.d, (5 el t iAto the cleat (2 he 3/ 2 lve (1 opens.
By vi ct v BFE e A sl el o ks o5 sitnfl iR PPOTT
MARCH #005x8118 bRl B entitely kafe eft d[I0vehiclés)onttRe airporcapion ¥etd suitably eghippedl ve

(17), this depressurises the air line |eading to the coupling and so shuts
of f the fudscordipglyya sighal\Warning eyshesn écenvisegedorgyipea backhm totthe waslingw shel |

(9) of t heang%ﬁﬁtg&f @a%li@e!s%%scﬁbed above, in applications where the capital cost of re-

equipping vehicles is acceptable.

15 In the embodiment illustrated, electrical power for the beacon is derived from
the hydrant dispenser via a low-voltage power supply lead (25) running parallel to the
fuel pipe (3) and the air feed (4). In this case, the operator simply uses a waterproof
push-connector (26) to connect the cone (8) to the power supply lead (25). However,
this form of power supply is not critical to the invention. For example, power may be

20  supplied from a suitably-adapted refuelling pit, although this option is less preferred in
view of the need for adaptation. More preferably, there may be an internal battery
which is ideally rechargeable. If rechargeable, the internal battery is advantageously
rechargeable during daylight by solar cells (not shown) mounted on the outside of the
shell (9). The provision of a battery would enable the beacon (8) to be self-sufficient

25  from any support vehicles.

As the electrical systems mentioned above operate on low power, this
minimises electrical ignition sources for any fuel vapours present. The high proportion
of pneumatic components is similarly advantageous.

30

Many other variations and additional options are possible within the inventive

concept. For example, the air switch (16) can be responsive to inputs from the seating

sensor (13) and/or from the proximity sensors (24) in addition to, or as an alternative



5 contains a vibration sensor (23) that can energise and henc p t ajl
switch (16) to block the flow of air to the pneumatic actuat X?(ﬂf%ﬁgngoog

the vibration sensor (23) detects novenent characteristic of the beacon
(8) being knocked by a vehicle or otheng colliding body. This depressurises
the pneumatic actuator (14) which pulls the lanyard (5) and hence shuts
down the refuelling pit nmechanically. Simultaneously, the 10 mcrosw tch

(22) on th@,i?ﬂﬂﬁbﬁﬂﬂﬁ&ilﬁﬂﬁﬁo@é&lsmgf’I(hézkﬂlb@r&ﬂexnwil pedtiepaessuri ses  the
air line leading to the coupling (2) and shuts down the hydrant di spenser.

It will tseHisioarvtibthedeacon Bbwilhisnd taknsentthe beacon €8)dram theaefuelimgrnitel suppl y

i s shut own,. aut omat i ¢ i.n the.event of. a colli sy W f h acon
(8 ber ord Hige 8 FRhachTb) dnd HenbERRREIAS sefling odion (1) 3P ot it frRferida®Cr
course, i tarra§ ofbkabin® 6&iserfs! Bflay fai théshouRRACDI) within theeéscesd(1 03 bf the hita
collision at all and that its inmediate environs are protected too.

Accor db nglAsidesfpem operingnthe airchit ghat powetsithe LEDraseay (1 Dsthiscan bgdisehtd LED array
(12) and it.s col our, ref i yi n ige, the beacon of Figure 1 also
i ncl udes mag%e)gi %”S/s‘@écﬁ"sgsgo(%ﬂﬁgfég%e%ggefém?'n an equi-angul arly spaced array

around the upper 20 external periphery of the beacon (8), just under the
LED array. As best shown in Figure 2, four proximty sensors (24) at 90 to
each ot her can Simialhdhe ploximigsgensers (24)#ge bapendrid senmsatganare thanThs apr oxi mity
sensors (24%. ?rﬁ able to ]%et ect a?ﬂ ob%iect,%en it e crog%hes iqto 25 a
sensi ng f PRHICAIa O A WipleSS Remole #lanmy ienyl: they gan 159 b used;fo BpnetaitAse 1o such
det ectypon fudl G ff Sighalahyvari P thei airefvifcA G 6)0 QMo fF tha Fud) FIOW. URfeeds War ni ng
audi bl e to those near the beacon (8). This may, for exanple, be enough to

prevent a berthy proximityensoes () cantbe\employeg ta trigder an elaimwben B obiseldén (8) and
ol 11 51 on it busERbolsEnats AR o BheBr B barcho ot S8ESpBe BT UM Gl e 1
to hittingfthbebjeepcdfin(éyto approhsh B8besREFE) dfftthedalaid Bhrigder&bi oXi nat el y
130dB coul d be acconmodated within the beacon (8) and woul d be adequately
| oud for tcksses an inner threshold distance.
15
Whilst the preferred embodiment described above relies upon an audible alarm
responsive to proximity, it is also possible to trigger a visible alarm additional to the
usual LED display (12). This visible alarm can be provided by an auxiliary light
source or by changing the display behaviour of the LED array (12).
20
In order that a triggering signal is reliably sent to the controlling switch,
multiple vibration sensors may be employed to provide a backup signal should one or

more of the vibration sensors fail.

25 A test facility may be incorporated into the electrical systems to provide a
refuelling operator with a check of the integrity of the electrical components before a
refuelling operation begins. For example, the test facility may be arranged such that
when the beacon is seated in the refuelling pit, the LEDs (12) will light up only if all
of the components are fully functional.

30

Figures 3 to 5 show a second embodiment of the invention wherein many of
the electrical components of the first embodiment shown in Figure 1 and Figure 2 are

replaced by pneumatically actuating components. This further reduces the risk of



task. The proximty sensors (24) may be of ultrasonic type, sigl
‘thosé used on the front or rear of vehicles to provide di stjn‘?e‘\gv{‘\h%H 005

i nformati on while parking. |?MARCFI A005 10 Alternatively or in addition
to a warning siren, a wireless signal ;such as a | ow power radio or
infra-red signal may be sent out froman appropriate transmtter (not
shown) wi thin the shell. That signal can be picked up by a correspondi ng
recei ver [QitmhofMhdle hlifeiperator of the receiver, such as a driver of a
sui t abl y- equi pped vehicle, wth a renote warning or proximty to the
beacon. The renote warning can take both visual and audible forns, or can

be used to tri r afety st ens suc as t he t.omati c raklng of
vehi cl es that 9@(‘?&3‘" %é??? nt‘%ﬁéll’{) er%{gleé SISLRL o E?mﬁﬁetqp Bgr at ed
safety syg{e val Oy ?HW'??RE%Q ¢ Bal s@ ﬁdggﬁﬂm%‘@d]%‘@ systemio
woul d onI‘?/§ bgm%%},é?gg’esaf%eb?% gilﬁ vehi cl e‘s’ oh tshg él rpor apro%awere

sui t ald y eddler ppreng valvack endla slgityoff @ir salge&lcambe noted. system i s envi saged only

as a back-up to the warning and shut-off facilities described above, in
applications where the capital cost of re- equipping vehicles is

acceptable. 157} %n&?%e%ﬂé%‘v@@ﬁ%e dfiF Qtaﬂl%(iieﬁl‘é‘llhﬁgtof)é&@r cbRfs of or the
beacon is derived from 'the drant dispenser via a | owvoltage power

s uppl y | epnding 2%)supplyrtiose (372 rtcadl leck raedsh (eonrfeutalr qgihppulsegermmlmt Aeenses f eed

In t ca er at.o wat er h- connect or
(55 to cOiresseaing oEﬁwéﬁw b o i stenancia doi e Shanse DY BIEORR ' Thi s
fOrm of_ peRiccai Bl Lpty Bl 4664 B fnd fid & %@m E&ﬁleémmﬁ, povier

may be 20 supplie |ta y-adapted refuelling pit, al'though this
option i spdne@smplcerﬂwqu@nﬂyl spnnglcravlk:cbplstohd) (n@ﬂ@sﬁamdmgdapineapnemnatlwbr e

echar goalituEior (14) BRiha G EBIteRrnal  RER o agalioby e ok e paestge Bbis y

rechargea?llegsmlgdgqgﬂga,yéﬁght by solar cells (not shown) nounted on the
outside o

15 When piston D is held down, this allows the refuelling operator to position a
safety lanyard from the pit head in a jamming cleat on D. The lanyard and cleat
correspond to features (5) and (20) of the first embodiment and are not shown here.
As a result (for example by means of a microswitch like (22) of Figure 1) the roller
spring valve E is closed, connecting port 2 of E to port 1 of E and hence admitting

20  high-pressure air to pilot spring valve F. This switches pilot spring valve F so that port
2 of F is connected to port 1 of F. Hence, pressurised air is allowed to progress to the
pit head valve via a quick release connector H, which was connected to the pit head
valve before the mains air supply was connected to the beacon via the quick release
connector G.

25

Once these steps have been taken, the protective beacon is ready for use and

the pit head valve has been opened by the pressurised air issuing through H.

This second embodiment of the protective beacon only has externally mounted
30 ultrasonic distance sensors providing the triggering means for shutting down the
refuelling procedure. These sensors are not shown but correspond to feature (24) of
the first embodiment. Should the ultrasonic sensors detect an object within the region

guarded by the ultrasonic sensors, hence triggering the system into the state shown in



shell (9). The provision of a battery would enabl e the beacon ?) ‘
self-sufficient 25 fromany support vehicles. As the electricdl Ps@ét%ﬁg 005
menti oned above operate on |low power, this mnmnimses electrical ignition
sources for any fuel vapours present. ;ghe high proportion of pneunatic
conponents is simlarly advantageous. 30 Many ot her variations and

additional options are possible within the inventive concept. For exanple,

the air swihgh s(dh@bufRR ot the SARBAI previlles 4 PPVSIEDIC. QiBnhl'® the alpubgf sensor
(13) and/or fromthe proximty sensors §24) in addition to, or as an

al t er nat i selenoid spiREMalye O, torinkcting parhPot Cite porttlnd G/arst kence admidiegr  ( 23) .
The skilled . reader will  apprecia tha ollisiagn with the beacon (8) w il
Lend t o uTSEBierTHEe Ho it R PCBS B RIS EE B 2FGePhien drariorty it S & he
beacon ( 8)swateH tedmBedtionldfpertIF VARRIB BEmSRAEPIo fokd). THRIcofR&tieh o Pref erred
array of seating sensors, away fromthe shoul der (11) within the recess

(10) of t Ipertd to.pot Bsyhieh Yentmtocmosphgre; banses the spring-loadedylimder Pie LED arr ay
(12), this, can be us to, trigget, the air .switc 16) t.0 ut .off the fuel
[ow S mueBEpypRse ARS hrnsd ey Rae He BPan g pagiCEBHIasE SErAE Bt (GUPERaPE mor o
than j ust (3fs natshl Nositidh Ahe85ard VbR hETRECatbRhtiBailly SAks teh@y can
al so be used to gefierate a 10" fuel shut-off signal that triggers'the air
switch (1éiead walstut of f the fuel flow. If needs be, the proxinty sensors

(24) can be enployed to trigger an alarm when an object is at an outer
t hreshol d distance and to trigger the air switch (16) to shut off the fuel

flow jpf the olfembrk&e] thhdEstelArisidh QR AihendIRAGEHM B 8hd B 418 cdubgs al arm i s
triggered or crosses an inner threshold distance. 15

the air line between B and E to depressurise. As valve E serves at this point as an open

conduit between B and F, the air line between E and F also depressurises. The loss of

air pressure from E causes pilot spring valve F to revert to its normal biased state,

whereupon the pressurised air in the air line between the pit head and F is vented to

15  atmosphere through port 3 of F. Once this happens, the pit hydrant valve is closed
through the removal of pressurised air, in addition to being closed through the

activation of the safety lanyard.

It will be appreciated that in this second embodiment, the safety shut-off of the
20  pit hydrant does not rely upon actual contact being made with the cone by a foreign
object. Additionally, this second embodiment of the invention has an advantage over
the first embodiment in that the fuel flow from the pit hydrant is automatically shut off
in two ways - by the pneumatic pit head valve shut-off mechanism shutting down the
pneumatically actuated pit head valve as well as the mechanical shut-off achieved

25  through pulling the lanyard by release of D.

Many other variations are possible within the inventive concept, and the
present invention may be embodied in other specific forms without departing from its
essential attributes. Accordingly, reference should be made to the appended claims

30 and other conceptual statements herein rather than to the foregoing specific

description as indicating the scope of the invention.



Whi | st the preferred enbodi mrent descri bed above relies upon aR—gud
alarm responsive to proximty, it is also possible to tri gge?‘z \M%EF@ &005

al arm additional to the wusual LED display (12). This visible alarmcan be
provided by an auxiliary light source,pr by changing the display behaviour
of the LED array (12). 20 In order that a triggering signal is reliably
sent to the controlling switch, nultiple vibration sensors may be enpl oyed
to provide a backup signal should one or nore of the vibration sensors
fail. 25 Atest facility may be incorporated into the electrical systens to
provide a refuelling operator with GLAIMSKk of the integrity of the

el ectrical conponents before a refuelling operation begins. For exanple,
the test facility may be arranged such that when the beacon is seated in
the refuelli ' Lt LB DR o f the
corrponentsl'ar gjcﬂﬁlﬂeye ?ﬁor?t(? Pg]r?g . b??gﬂolg:i!ugtl%(gg %&%}o&%{%wgﬁcgésgéocgnd enbodi nent
of the i nvdeaciivatablhbazird) thebgacad (8)tildudihgnicansciok deashipatingrthe hadard ethei r st
enbodi ment shown, in Figure 1 and Figure 2 are . replaced by pneumatically
actuating ®68b dingamagige aresss (b bazerd md PFQEMEY SenSOT I 05 12 .
igniting f HB}’&‘H [ QUr : . ' L noperative
state | ust11 I olye’?% el ng@ég%ﬁiﬁ%&{'f‘g}rléelérslgél\ﬁ??fgﬁéfgﬁlg%%s%%&gl ves in a
priority ptespinsirelty eéheRlistancealfeleothebas fromrthe bedcon. C, a 5 roller spring val ve
E and a shut-off air valve F can be noted. To enter the operative state of
Figure 4, the refuelling operator connects a nmins air supply hose (27) to

a qui ck 1 e epRerGRBABEEMim G whB REMEENGHAIICt fatifg i€ Razard is responsive

to the proximity sensor means.

3. The beacon of Claim 1 or Claim 2, wherein deterrence is by visual warning.
4. The beacon of Claim 3 further including means for emitting light.

5. The beacon of Claim 4, further including an LED array (12).

6. The beacon of Claim 4 or Claim 5, wherein the light emitting means are adapted to

project light only substantially horizontally in use.
7. The beacon of Claim 3, further including reflector means.
8. The beacon of any preceding Claim, wherein deterrence is by audible warning.

9. The beacon of any preceding Claim, wherein deterrence is by wireless transmission

of a warning signal.

10. The beacon of any preceding Claim, wherein deterrence is by a warning or
warning signal whose characteristics vary in accordance with the likelihood of

damaging access to the hazard.



the connection of the nmains air hose and responds to this preﬁ VM‘X\Q@QE‘QDOE
by sending a 10 two-second pulse to priority pilot valve B. The' pul se sets
valve B to connect port 3 to port 2 and consequently spring | oaded piston
D (corresponding to the pneumatic actgator (14) of the first enbodi nent)
is held down against its bias by the passage of pressurised air through B.
15 When piston Dis held down, this allows the refuelling operator to

posi tion al. $hé Béacoh anyidis 110] afelehithplikeliiad of AarBagingnatoess islderimbiedD. The

| anyard and cl eat, correspond to features (5) and (20) of the first

embodi nenby ddraxiamitynf adhipahtortbe beacoms a result (for exanple by neans of a
mcroswitch like (22) of Figure 1) the roller spring valve E is closed,
connecting port 2 of Eto port 1 of E and hence admitting 20 hi gh-pressure

air to piIDiTHeWeatsh ofetMEn F1, Wiirsinshé liedhidsodbf @imapiig dtgessas d&ermised t hat

port 2 of Fis connected to port | of F. Hence, pressurised air is allowed
t o progr eB¥thedlistarce ofithe theaglifroml thebeacana qui ck rel ease connector H, which
was connected to the pit head valve before the nains air supply was
connected to the beacon via the quick release connector G 25 Once these

st eps have3.beEenbéarlss 6f adyErefddiLChainy fuRBadatludiag teldidionisaisougfagnd the pit
head val ve has been opened by the pressurised air issuing through H This
second errtﬁsmrr%\mtomown@nb@ﬁ%eb@aoo@ beacon only has externally nounted 30
ul trasoni c di stance sensors providing the triggering neans for shutting

down the refuelling procedure. These sensors are not shown but correspond

to feat ur e4.( 24 b&con bhe€ldiinr 1Sl whsiartheesilisioblRensod mehgs (1B} isasPohsive eNSor s
detect an object within the region guarded by the ultrasonic sensors,
hence tri Yhedtiongfitheebeggen.em into the state shown in 17 MARCH aili 006 13

15. The beacon of Claim 13 or Claim 14, wherein the collision sensor means (23) is

responsive to tilting of the beacon.

16. The beacon of any of Claims 13 to 15, wherein the means for deactivating the

hazard is responsive to the collision sensor means.

17. The beacon of any preceding Claim, further including location sensor means for

sensing the location of the beacon.

18. The beacon of Claim 17, wherein the location sensor means is adapted to sense

location of the beacon with respect to a datum.

19. The beacon of Claim 18, wherein the datum is a co-operating formation (11)

shaped to complement the beacon.

20. The beacon of Claim 19, wherein the location sensor means comprises at least
one microswitch positioned to sense mating engagement of the beacon and the

formation.

21. The beacon of any preceding Claim, further including manual override means (5,

6, 7) for deactivating the hazard.



Figure 5, the output fromthe sensors provides a 24 volt D.C si W&%W&DOE
1

i nput of solenoid spring valve C, connecting port 2 of Cto por

and hence admitting high-pressure air to the priority pilot valve B. This
causes the priority pilot valve Bto igwitch the connection of port 2 of
valve B fromport 3 to port 1. The connection of 5 port 2 to port 1, which
vents to atnobsphere, causes the spring-loaded cylinder Dto depressurise
and hence to return to its normal position under spring bias. On returning
to its nornmal position, the lanyard is pulled by D and this automatically
cl oses t h&2-pihe bepeayy ommrcceﬁ@@@htrnémhg@lég adapied rwbptantiallyite sardndof t he air
| i ne bet al so causes the air line between B and E to
depressufﬁ%@aggggggg%e E serves at this point as an open conduit between B
and F, the air line between E and F al so depressurises. The loss of  air
pressure from E causes Filot sgring valve F to revert to its normal biased

state, whdr Epberconef Glaimds wherginthe bearon has ahellaw hedi®) gerakladfe pit head
and F is n a har e t hr port 3 of F. Once this happens,
the pit h%%?%ﬁﬁa%g?%énF%g%ﬁggegquﬁggﬁg "the renoval of pressurised air, in

addition to being closed through the activation of the safety lanyard. It
wll be agfreciated that in this second enbodi nent, the safety shut-off of
the 20 p24 Hhelbeasen gbary prseeding Glairpepd being adantedodiersubdantigllngbeveni t h t he
cone by a gq&g&gn object. Additionally, this second enbodi ment of the
inventionﬂhas an” advantage over the first enbodinment in that the fuel flow
fromthe pit hydrant is automatically shut off in two ways - by the
pneumati c git head val ve shut-off mechani sm shutting down the

pneunat i ca?-| Yhebeagen efiapy preersing Claim andibeing pdapied tonlsterdamaging a¢ceshut - of f

achi eved @0, S YA CHE LRSS ARRNRLS, DYoL S fndte By ol Y

vari ations are POSSI I'n I nven conc , pr esent
i nvent i onfighfloWwahenpn tieasbndiiit @f the eva O€ adthdl ok dpEndid drmHgingeqaedsitng from

its
the conduit.
26. The beacon of Claim 25, wherein the means co-operable with the conduit include

pneumatic actuator means (14).

27. The beacon of Claim 26, wherein the pneumatic actuator means is biased to shut

off fuel flow through the conduit in the absence of pressurised air.

28. The beacon of Claim 25 or Claim 26, further including pressurised air bleed

means connectable to an air line (4) associated with the conduit.

29. The beacon of Claim 28, further including an air switch (16) that blocks the
passage of air from the air line (4) to the pneumatic actuator means (14) in response to

the sensor means (13, 23, 24) of any preceding claim.

30. The beacon of any of Claims 25 to 29, further including means co-operable with a
manual fuel shut-off (5, 6, 7) associated with the conduit.

31. The beacon of Claim 30, wherein the manual fuel shut off is cable operated (5)

and the beacon includes means for pulling the cable.



essential attributes. Accordingly, reference should be nmade to ﬁ,ﬁp
clainms 30 and ot her conceptual statements herein rather than t!)#'? e IQPCW%OE

foregoi ng specific description as indicating the scope of the invention.
)-:t Marie x(r)05 14 CLAIMS 1. A portapl e beacon (8) that can be positioned
to deter damagi ng access to a deactivatable hazard, the beacon (8)

i ncl udi ng neans for deactivating the hazard in the event of inpending
damagi ng access to the hazard and proxinty sensor neans (24) responsi ve
to prOX|n1ty of a threat, wherein the proximty sensor nmeans (24) is

responsi vé 2t Jhefeaepnsatiiaien 3t whesein theananue} el shyd offdswains menuathe’ beacon of
Caiml W§5ﬁ5ﬁ%<§f@£§rﬁ‘ﬂ{£§e%ﬁ%' ng the hazard is responsive to the

proxi mty sensor acon Claim1 or Claim2, wherein
deterrence is by visual warning. 4. The beacon of Claim3 furt her
i ncl udi ng rreans for emtti ?%Il i ght. The beacgon of G aim4, further

i ncl udi ng 38 beagonagf apy pf Clagms $fgo %aﬁéﬁhﬁrc}’ﬂd@l% mean%(rﬂbeapcpﬁsye%er ein
he 1igh |1
the light f%ﬁ/ﬂ:%tﬁd ﬁ%lg@@ﬂglrﬁ%%g@% %{15 epihﬂggffgt rEBtff tBE'Iﬁ%' pstantial l'y

hori zont al eacon I'nc ng refl ector

nmeans. 8. The beacon of any preceding Caim \/\herel n det errence i s by

audi bl e warni ng. 9. The beacon of anyws)recedl ng Caim wherein deterrence
1

i s by wirefeddeteasonatpign33.dartheriag! Rg tigiegpameans permitiingretet-yR tise any
di |
Phose. chaPsipl B D MELEER S hial e ReeP fofdly By Pl 0T -

access to fudldldwazard.

35. The beacon of any preceding claim and being adapted to deter damaging access to
a fuel conduit, the beacon including a valve (17) for exhausting pressurised air to
atmosphére from an air line (4) associated with the conduit to shut off fuel flow

through the conduit controlled by the air line.

36. The beacon of any preceding Claim, further including means for connection to an

electrical power source (26) associated with the hazard.

37. The beacon of any preceding Claim, further including an internal electrical power

source.

38. The beacon of Claim 37, further including a solar cell array for recharging the

internal electrical power source.

39. A safety system including a deactivatable hazard and a portable béacon (8) in

accordance with any preceding Claim.

40. The system of Claim 39, wherein the beacon is positioned to deter damaging
access to the hazard and is linked to the hazard for the purpose of deactivation.

41. A fuel supply or storage system, the system comprising a portable beacon (8)

according to any of Claims | to 40 adapted to deter collision with an exposed fuel



[-1- MARCN 1:1001Y 15 11. The beacon of Claim 10, wherein the I i
daragi ng access is determined by the proxinity of a threat to]%Mé&%QOOE
12. The beacon of Caim 11, wherein the |ikelihood of damagi ng access is
determ ned by the distance of the thrgat fromthe beacon. 13. The beacon

of any preceding Claim further including collision sensor neans

responsive to novenent of the beacon. 14. The beacon of C aim 13, wherein

the col | i Hofduit theHacs®MefudingIhedrs copRABR wigh tHe coMdlit &t dhafofFifud] Mewbeacon.
15. The beacon of daim13 or Caim14, wherein the collision sensor neans

(23) is rthropeindiecenduit it the ievent of aethal o dapending @llisfore with4bobeagon hy of
Clainms 13 to 1 wherein the ns .f or ;deactivatin e h rd is
responsi Vé)r?vgnfﬁ%coggpﬁ?geglﬁagggﬁgbe? &ﬁ%%ls?ﬁlswn 3 etél(?%encog? 131?a'ny pr ecedi ng

Claim further including |ocation sensor nmeans for sensing the |ocation of
t he beacon. 18. The beacon of C aim 17, wherein the | ocation sensor neans

i s adapt ed2t dhsdhdsupply easiomeesystemeof bdaiaot andtheingadepied te eefoeldat um  19.
The beacona. %;a Claim 18, wherein the datumis a co-operating formation (11)
shaped to érorrp'errent t he beacon. 20. The beacon of C aim 19, wherein the

| ocation sensor neans conprises at |east one microswitch positioned to
sense mati ng engagenent of the beacon and the formation. 21. The beacon of
any pr ecediBnd\Ghizpon, afrfieldhkelipad or aidéral) camisubavieg befud supplsins stosige 6, 7) for

deacti vat is?&ertnhopféi%naﬁﬂ'

44. A method of protection against a deactivatable hazard, the method comprising

positioning a portable beacon (8) to deter damaging access by a threat to the hazard
and the portable beacon (8) deactivating the hazard in response to proximity of the

threat to the beacon.

45. A method of preventing uncontrolled leakage of fuel caused by collision damage
to an exposed conduit in a fuel supply or storage system, the method comprising
positioning a portable beacon (8) to deter collision by a threat with the conduit and in
the event of actual or impending collision with the beacon, the beacon co-operating
with the conduit to shut off fuel flow through the conduit in response to proximity of
the threat to the beacon.



1-4 NARCH J(005 16 22. The beacon of any preceding C ai m and lp? AR eLoos
substantially to surround the hazard in use. 23. The beacon of C aim 22,

wherein the beacon has a holl ow body (9) capable of substantially

acconmo Whsikhe hazard in use. 24. The beacon of any | ai m and
bei ng aggg?g 4%@ lie substantially above the hazard. Zgﬁﬁﬁﬁgbgggg%n of any
precedi ng C ai mand being adapted to deter damagi ng access to a fuel
conduit, the beacon including neans co-operable with the conduit to shut
off fuel flow through the conduit in the event of actual or inpending
damagi ng access to the conduit. 26. TH4 beacon of O aim 25, wherein the
means co-operable with the conduit include pneunmatic actuator neans (14).
27. The beacon of C aim 26, wherein the pneunatic actuator nmeans is bi'ased
to shut off fuel flow through the conduit in the absence of pressurised
air. 28. The béadd5,01.CIain125 or Caim26, further ‘including pressurised

air bleed neans connectable t ssoci?éed with the
conduit. 29. The beacon of C A » ' dingién air ‘'switch (16)
t hat bl ocks the passage of from (4) to the pneumatic
actuator neans (14) in respo to t ns (13, 23, 24) of any
preceding claim 30. The bea o Lar i @9, further
i ncl udi ng nmeans co- oper abl th a “N S -off (5, 6, 7)
associated with the condui Tho. ~of—-Cl-2ff) 30, wherein the nmanual
fuel shut off is cablezgper (5 a t he beacort-1 ncl udes neans for
pul l'ing the cable.
16-
17
5, e
22 - 8
20 —21
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11 MARCH nZ OOH 17 32. The beacon of Caim 31, wherein the ”'EEF‘MAR Ih £005
shut off remains manually operable by an operator pulling th ble (5).
33. The beacon of any of Clains 30 to 32, further including neans (22)

r esponsi +4ailure to connect the beacon to the manua -off to
shut offwﬁﬁgﬂ?ﬁé flow. 34. The beacon of C aim 33, furthgg&yﬁ%f@g#%g

ti meout neans permtting a set-up time period for connecting the beacon to
t he manual fuel shut-off before shutting off the fuel flow 35. The beacon
of any preceding claimand being adapted to deter danmagi ng access to a
fuel conduit, the beacon including a5y | ve (17) for exhausting pressurised
air to atnosphere froman air line (4) associated wth the conduit to shut
off fuel flow through the conduit controlled by the air line. 36. The
beacon of any preceding Claim further including neans for connection tqo an
el ectrical power source (26) associated with the hazard. 37. The beacon of
any preceding Caim further.including an internal electrical power source.
38. The beacon of Claim 37, further including a solar cell array for '
recharging the internal electrical power source. 39. A safety system

i ncluding a deactivatabl e hazard and a portable beacon (8) in accordance
with any preceding Claim 40. The system of C aim 39, wherein the beacon is
positioned to deter damaging access to the hazard and is |linked to the
hazard for the purpose of deactivation. 41. A fuel supply or storage
system the system conprising a portable beacon (8) according to any of
Clains 1 to 40 adapted to deter collision wth an exposed fuel

FIG.2.
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17 MARCHcQo(r)5 18 conduit, the beacon including neans co-ope laeq Wi t Dt
condui.t to shut off fuel flow through the conduit in the eve&aﬁpgfg,ﬁ&ﬂﬁlg\?oos
or inpending collision with the beacon to prevent uncontrolled | eakage of

fuel thx : | ision danage to the conduit. 42. The fuel ly_or

st orage Vgég?%fﬁgjéf Claim 4l and bei ngy?ldapt ed to refuel 3‘.9@‘?’8‘?1(‘?47%3. An
airport, airfield, helipad or aircraft carrier having the fuel supply or
storage systemof Caim42. 44. A nethod of protection against a

deactivatabl e hazard, the nethod conprising positioning a portable beacon

(8) to deter dammgi ng access by a threat to the hazard and the portable

beacon (8)} deactivating the ‘ oXximty of Jthe threat
to the begcdfigue®.3 A nethod df preventing uncontregdl, I age lof fuel
caused by [col i sion damage tjo an exposed condui,\M b\ln-‘-’q' wel sugply or
storage sylstem the nmethod cgnprising positionitig doT €& Qeacon (8) to
deter- collfi-sion by a threat Wth the congwt -and in' the event lof actual or
i mpendi ng fcol l'ision with the |beacon, theghgacon co-operating with the
conduit tq shut off fuel flow through Bhg donduit in response tlo proximty
of the threat to the beacon.] t 7 MARCH- 4 PQT/ GBOL/ 04798
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