.; e3e78c7"_d” @arb6bT8chr = TITLE OF THE | NVENTI ON:  APPARATUS AND METHOD
FOR GROUNDI NG COVPRESSED FUEL FUELI NG OPERATOR CROSS- REFERENCE TO RELATED
APPLI CATI ONS No%”mmmlmmmM% | 32 USA STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEA OPMENT [0001] This invention was nmade with
Gover nment Support urekse Contract No. DE FCO8- 99NV13578 between Air
Products and Chemcals, Inc., and the United States Departnent of Energy.
The Gover nnent mm!ﬁm A ights to this invention. 10 BACKGROUND OF THE

| NVENTI ON [ 0002 mmmuﬂwmm invention is directed to apparat UdS®RdUERt hods
for fueling fuel tankg,wth conpressed fuel. !n particular, the present
invention is directed to the g i f ator during the conpressed
fuel fueling process. 15 [0003 %E&ﬁ%&%'h’%ﬁ t anks of vehicles and

ot her nobil e apparat us #, 89 ro I n or conpressed
natural gas can be acco%% A#&@ Elﬁt\l g Eﬁe fuel from high
pressure storage vessel s™i , Ie; e k or storage vessel

in the vehicle or other nobile apparatus requiring fuel. It is inperative
that the fuel be delivered safely to the vehicle. The point of the fueling

process that may 20 p _%Q;Fpgq'm’gl, e oper at or

di sconnects the fuel %%\ozz e roEmﬁ?ﬁ?%ﬁﬁgénggg ator may have
built up static charge upon his or N@rappfdabRn. |f there is a | eak of fuel
fromthe station or vehicle, then, as the operator tries to renove the
nozzle, a spark froma static discharge may ignite the gaseous fuel. -1
[0004] This naySTATEMENT REGERDINGFEDERAYLY $HONSOREDMESRARCHDHRat e, t he
i ndustsy has not adequately addr esBEWELOPMENIDI em This may change since
there were nore than forty reports of gasoline fires due to operator static
in the cofdioigd THsingertion W3R Madewit) GoverbmefOSGpdriuridee Coasact N1®B have
been a | imted nunber of known attenpts to directly address fueling of

vehi cl es \FQOOB-IINIIST 8 betwies AnProtibets pndlOhemicdls, od. earid thé Unitee Statee t o
static discharge. For exanple, in U S. Patent No. 5,029,622 (Mitter), an
aut onmat ed Oepacaest bfcEndryy.| ThgGaveraiment asvedriainarightsrtorthisdevknges. i s descri bed.
However, there is no disclosure related to reducing or elimnating the

probl em of static discharge fromthe
10

BACKGROUND OF THE INVENTION
[0002] The present invention is directed to apparatus and methods for fueling fuel
tanks with compressed fuel. In particular, the present invention is directed to the
grounding of an operator during the compressed fuel fueling process.

15 [0003] Fueling the fuel tanks of vehicles and other mobile apparatus with gaseous fuels
such as hydrogen or compressed natural gas can be accomplished rapidly by
discharging the fuel from high pressure storage vessels into, for example, the fuel tank or
storage vessel in the vehicle or other mobile apparatus requiring fuel. It is imperative
that the fuel be delivered safely o the vehicle. The point of the fueling process that may

20 pose a potential hazard occurs when the operator disconnects the fuel fill nozzle from
the vehicle. The operator may have built up static charge upon his or her person. If
there is a leak of fuel from the station or vehicle, then, as the operator tries to remove the

nozzle, a spark from a static discharge may ignite the gaseous fuel.

-1-



.10 operator during the fuel filling operation. [0006] It is known that
vehicle static discharge may be avoi ded by use of a conductive fuel hose.
.This may be done for both gasoline as well as natural gas vehicles pursuant
to National Fire Protection Association Code NFPA 77 "Recommended Practice
on Static Electricity." Section 4-5.3.8. of NFPA 77 states "all netallic
-parts of the fill pipe 15 assenbly should forma continuous electrically
conduct i vqope4d]n THswmay akabd 4 baadrd aith aquit fedls. biaowévg, tofdate, eaimBlLiStry has
insertion of a nonconductive hose equi pped with a netal coupling on the

outl et nusiot Eée@dé@él%ﬂﬁddﬂéﬁéetsmetpf‘&alé}ﬁuFThisﬂ@a)i 6hange @rde ttigerk DRrd dre Mire.
[0007] In Von Pidoil et. al. "Avoidance of Electrostatic Hazards During

Ref uel i ng ferty Mpofts oRpasclind Atdshive t@foﬁ&iamtsta:i@tiratriecaamm&d?ye%is of DG arRpges
523-528, the authors note 20 that there were nore than 30 ignitions of
gasol i ne/ ggopom xtures at public filling stations in Germany in a particular
tinme period. One of their recomendations is the use of antistatic seats in
all cags. [0005] JHUYELPidtMRelettaveVeeh adimirRecrAibed of iowgedRimMpiStCdrsctiy0 dat e,
and it does not seemthat this recommendation will be accepted for

al t er nat i \widfesslfgeling df hehicleawith dbmpressddligas angheproisiemalf potedtaliFire®tudtoot ect
the operator from other 25 sources of static buildup such as their clothes.
-2 [ 000&}aticrischarmhabon dadfgsd am)).S. GanéntNd. 5029522t (Muttet) ean autdidaged n
Hazardous (Cl assified) Locations,” | EEE Trans. On Indus. Applies., Vol. 33,
No. 1, Jarprbdeds.forlifithg a vétici@uith @rcontpeesseneiad id descrised. ofiowereduberevie neol ed
shoes for certain areas where there is potential for fire due to presence
of fl amualdissidsueiietisted careelsciagdr diinsinatingthé pedbiery of static disciiarge froen thef uel i ng
of , for exanple, hydrogen gas, as used in the present invention, can be
consi der edpetatbr duringrtea fushfifieg operdtiort | ve sol ed shoes m ght be reconmended.
However, it cannot be expected that custonmers of fueling stations for

hydr ogen f[0@06]f dt is knownéixativphiele staticuiidcharde mpphe necldewtby aseof deomduchiee
correct footwear if such hydrogen fuel stations are going to be wdely
comer ci alfuadaselThijs0D&OEe tione for pothrgaispliriel as welbas matutabgas \vahicles pursadmt y
system and net hod for grounding an operator at a fueling station prior to
renovi ng do NatibndliFire Rroteztien Assmeiation Getle INIGMA Tip'iecommpuneed nadice @nf uel
filling operation. [0010] It is further desired to provide a safety system
and net hodtétior Elgeiviaityd] nSedion dge8 &t of NERA 7 fstates faf neataltic partoefitbe fitl pipeenovi ng
a fuel fill nozzle froma fuel tank upon 15 conpletion of a fuel filling
oper atlBon askamnblyshsulddbmn acdntireioas ielestrizalilynenndoctsievpath filoRrstieant from the i | |
further desired to provide a safety system and nmethod for grounding an

oper at or aird of behding) Beraxaompleiinsertionefagroneomdyctive bede gquinpedovitl @mietalm a
fuel tank upon conpletion of a fuel filling operation that is not prone to
oper at or eoupling §rothezutiel mest|be avoidedsintess ithecepuptingisdpnded to thaffiédjpesyst em
and nethod for grounding an 20 operator_at a fueling station Pr[or to
renovi ng 400Q@Al hiMan Ridelleteal; HAysidanece ef EleatrastalisdinzesisPeingcoRefyeling gfuel
filling operation that is specifically for use for hydrogen in fuel cel

t anks, butMetascass, sdouseal\of Epclipstatiose 4P Sct t BHi PrgasPZor i therythergmete wi t h
flammabl e fuels. -3 BRI EF SUMVARY OF THE | NVENTI ON LOOlB] The present

i nvenPon thaf thereargrednare thane3Qjigpitines piggaseling/einmadurep at autlic iing ska{ieenin t o
the filling operation and prior to renoval of the fuel fill nozzle. In the
present i HYRAENYAN atpﬁélcébég@?cﬂe”%- enewbtheiigesammandations fiethgyse o§r ound
himsel f prior to 5 renoval of the nozzle, or the nozzle itself is |ocked
into the \Asfipiatie spalpin alhcarsndhisSuUagRSioR Hag Rat basnAcCaPgd fieN SRS S e hi cl e
port have been built for natural gas vehh%ke %N, servi%f fgr eé?nple,
bhe VEH GAEte.GInddkaonspt sharm St ths roomenerielian wikke, afesnied tor plREl 1

unl ocked by action of grounding. [0014] Wile the present inventi

ndr esses TR imiesa6ftis: e Siogksta 41 SeasiTh g ot s oRar=@ETom SR wi ¢ 1
hydr ogen, all enbodi nents of ghe neﬁggt invention apply equally well to
filli %5 a Soyeqestof stetigiouhaup $4ch RRdTec!9tESor flammable 1iquid that emits

fl ammabl e vapors, such as gasoline. It is believed that the present
invention is the first attenpt to solve the problemof potential static

di scharge at the end of a vehicle fill process by the grounding of the fuel
fill operator. -4



.15 [0015] The first enbodi ment of the present invention is directed to a
safety system for grounding an operator at a fueling station prior to

renoving a fuel fill nozzle froma fuel tank upon conpletion of a fuel
filling operation. The safety systemincludes a fuel tank port in

comruni cation with the fuel tank for receiving and retaining the fuel fill
nozzle during the fuel filling operation. The safety system further

i ncl udes gogusjundikagseliine & K2kasl i eortsllingstatie Efedgicity RNkazReddus\WTigsRified)

i ncludes a grounding switch having a contact nenber that receives physi cal
cont act by .dchtorayeEEEOTrans s inelak. Appt£1cVolo83, INE 1¢ 0dr. AFeb. 139TheHe Aythédie
operator activates the grounding swtch. A releasable interlock is also

i ncl uded trbedmmeny triessetofl conluqlios isbied Bhodeioe cartdih argae avHete therd RClRENtiant o
t.he port upon insertion of the nozzle into the port and a rel ease position
wher ei n t Her fireztkedo presdhcd of femwrabibie lifuidsngabes pod Husiom ey sthiiemfopthd he
fuel filling operation and after physical -4 contact of the contact
nmenber 5i s fasitgras) fos Beamplécitidisyeinadas| ghusddain tied plesenht itkeatib chalel ¢ di schar ge
is thereby prevented. (0016] Preferably, the grounding device is |ocated at
| east two goebidersitstich ahrapea vherensonalictive Adiddishoesiight b tredosnrpesdert. abl e t hat
the fuel source contain a conpressed fuel and - 5 the fuel is hydrogen.
[0017] TheHovedveadtddnmot e expeztdd thalycuseoneergahfi@ling/ stattdrisvfat eytirogstziuel foever ,
wherein novenent of the nozzle lever in a first direction |ocks the nozzle
to the fuebréeaniplga fueheel ponered nehiolechmietthecotrbet fomtwabeif sumhetydrogeh faeicond
direction unlocks the nozzle fromthe fuel tank port only upon activation
of the gr ctatibnegre goihglho béwafety edmhmercidiized.i r st direction 10 and the second
direction are opposed, i.e., are directed 180 degrees from one another. For
exanple, t[heod]i risis pdincipally desiradjo pevide\assalety isgstemfandanethbdh éor geanting an
direction nmay be toward the right, although such feature is not essenti al
or requi r experdibmnagt iustngsthiiongrionfto fanmsingaantlies fitmortledtore atfueinanicagorbe

engi neered w t hout undue experinmentation. (0018] A timer may be incl uded
that i s coompdetiod df @ fudldillinglopasdibhe i nterl ock where the 15 tinmer provides
for the releasable interlock to remain in the release position for a

i mted ti[A@1QJerli sdudharsiegiehto provide aisafety systerh and engjnaxidod gragndingtanh. The
timer provides for the releasable interlock to remain in the | ocked

posi tion atpeedtor aftehiweling stationwbrion te remavingza tuel Bl nezzls fuard aifuelttank weart . The
limted time period may be about one to three hundred seconds and

pr ef erlébl ycompirtionfal adug!diding dperation et isogimple anddelatively inespensdig. de i ndi cati on
that the nozzle may safely be renbved fromthe receptacle nmay be provided
wher e t he [P®tit]cdt isrstip fustied desiteddp pevidere safetyrrystermeand misthed feri greupding el
[0020] The grounding switch may be integral to the rel easable interlock.
The rel easapsraion aftaefuetingstatign prior & remaeving sive! fibvezzler framatiuel tarckPqsosi ti on
to the rel ease p05| tion, 25 whereby the |ever blocks the nozzle from

r enoval frC@mpﬂﬁ@anJ@lfU%liﬂlklg@@f-"ltatleh hat isnin @EPrTerte PPEFAoN &EX. position to the
rel ease position. gr oundi ng verification swtch adjacent to -5 the
nozzl e and0@13]; r@ﬁa'b’oﬁﬁéﬁsﬁé toprovide Besaialy S1¥tem; andenetbed fangyoundig e

provi ded. The grounding verification switch is connected to a fuel

cont r 801 eropgfAtpEatifvefingstatisrricste EmeuingR Big! fill erzzisrframa feeldank WRAR t he
nozzle only during activation of the grounding verification switch and the
timer proveawietionof ariee!fidling spgratian that &?Rﬁ’éiﬁ"?'g fpevsg fRr hypregrn 5 fugl|aelise
position for a limted tinme period subseguent tq release o t he groundi ng
Der 11 cat t97kes R BRY SipaipegiogH N AEEARGH 01T SLGtoR TuGhiaan Wiy 1o HERRIBd e
activation handle on the nozzle that controls flow of fuel. [0021] A
grounding verification switch may be included along with a tinmer. The



.groundi ng verification switch connects to the fuel controller, the fuel
controller enabling 10 flow of the fuel fromthe nozzle only during
.activation of the grounding verification switch. The timer is connected to
the fuel controller and provides for flow of fuel to resune once halted by
rel ease of the grounding verification switch for alimted time period
-subsequent to rel ease of the grounding verification swtch. The fuel

controller , provides for BRIEFGUMMARYOF FHEGNVEREIONN ted time period has
been reached until the 15 grounding switch is re-activated. [0022] Another

enbodi mentjoof3p T plekeminiediivh A dificRidndithbgRlndRE bR§Rh adtogdrdtbe! | ng
station during a fuel filling operation is also provided which includes a

fuel tank qupskqidht Eotafilingapertioniahl pAof Werbmbaaikor ty fueEmeiokiBg ia theel fill
nozzle, a grounding device adjacent to the fuel tank port, the grounding

devi ce i ncpragér@nvandsrm Unslbparatonid sitheP ANtifidd that2@ RGN ighstind MBS pligk thecei ve
physi cal contact by the operator. Physical contact of the contact nenber

activatses fehfovar &uné hogzis Wr tidnozAlef itself icloBkdddhiothe vEhiBlE PBidAditdrRstidr ovi di ng
fuel flow through the nozzle only when the grounding swtch is continuously

acti vat ed. ndz2R33hatAsukt drer urtsdkad ialRRlcledforbhSaf ey bessbenathal gas eameeng an
operator at a fueling 25 station during a fuel filling operation is also
provi ded WhGV) dendte)dersexanfpis lthé WEH GaTHH offGearaiamy Maxalei tpie WEHNTR fauelt t ank
for receiving a fuel fill nozzle, a grounding device -6 adj acent to the
fuel tank rupetis Idched gr onlockeddydrtion ef groohdidg.ng a contact nmenber connect ed
to ground which is adapted to receive physical contact by the operator, and
a fuel corfoovd4] ewnfi®theqeraser linvientiorf addreddes\yroundingadt ehfopermaabisie filig 4 uel
controller provides for a flow of fuel, and provides a signal when the
cont r diol erfuplraaditatdswittohydrogdn, tab eatbodinidnts\bfitbe phesént invehtionatapplyiegualiyswell
provided that indicates to the operator, imedi ately upon receiving the

si gnal , t haffiligy@undi tagk wills & flaaineakie gacopidnamalile liq@dthatlemits flalmenatde z| e.
[0024] A nethod for grounding an operator at a fueling station is also
provi ded whapots, isnch asigasdiihe. Htiepaievéd fivad tHedireserit nveniipras dteufirsbéittéringt tbi r st

enbodi nent, withdrawing the fuel fill nozzle froma fuel source boot,
i nserti ng dohe thagrobierlof pmteritial staticodis¢trardaiat the anét opavehidle filipesaely by e
nozzle is locked into the fuel tank port, filling the fuel tank with fuel

from a f uedrosmding of the dut! dit bpergtarhe cont act nenber to activate the grounding
switch of the grounding nenber to release the releasable interlock, and

wi t hdridwi nMg015le Therfrsterhboadimehieofdoe pres@htdnméiomisodirestey talassafdtpepstem foont act
a grounding verification switch that is connected to ground during the

acti vat i orgrpunrlies sn opératar@t e dteding statioh avier ta rempiing @ fadl fillinoezle éoioa fueh whi ch
he or she nust renove the nozzle fromthe port after the fueling and

gr oundi ng tpriogeersconpletiomefer kel fliyazgperationh dihersefetipaystem inplusies di fag! tank

operator at a fueling station during a fuel filling operation is also
provi ded viErcin communicasiop mirpitiae fug! tank fier reeeiviRg pod retaining dneviuel Bhmezste with a
fuel tank for receiving a fuel fill nozzle during the fuel filling

oper at i on.duysingdhefustifitihthepatatiare eThedyadel systen fureerfinplydesagropeding devieg ovi ded
wherein the groundi ng device includes a grounding swtch having a contact
menber20t o adiaceintto thaJua! tank restwhieh insludes a gopndindaiwitchuhariap @ quaﬁ cal

contact of the contact nenber activates the grounding switch. A fuel

cont r ol | ermerybpr ibat esaiven abysical gentacthydbe argrptorh Bhysieal santagt ofihe epntag

provi de fuel flow through the nozzle only when the grounding switch is
cont i nuousT§MAaek by, Hecaperatpreachivates fegrounging awitghs A sehlelintedestt is@sed to

activate the grounding swtch which activates the fuel controller to
provi de f dasludedythat prepvides a lock position wherein the nozzle is locked into the port upon

insertion of the nozzle into the port and a release position wherein the nozzle is

25 releasable from the port upon completion of the fuel filling operation and after physical



.[0026] Finally, in another enbodi nent of the present invention) a nethod
for groundlng an operator at a fueling station during a fuel filling
.operation is provided which includes providing a fuel fill nozzle connected
to a fuel source, providing a fuel tank port in conmunication with a fuel
tank for receiving the fuel fill nozzle, and providing a 5 groundi ng device
-adjacent to the fuel tank port, the groundi ng device including a contact

menber conpAgdces the oah&uﬂﬂembbﬁ#a dcéorﬂsmbedA&@idérqsla?rﬁ@orpdsmel%@le t%%ﬁlétﬁsct by
the operator. A fuel controller for controlling fue | ow t hrough the

nozzle is cﬁé&@rgy,gmé}g@ Weosgethe fuel controller provides a si gnal when
the controller provides fuel to stop flowng. An indicator is provided that

i ndi cat es [ho14]hePrRRSAIY, Qhe grdURBMgeicY idIBBAted Bt laSEWSIcREtIHhERrSEMahe t hat
grounding must take place prior to renoval of the nozzle. The nozzle is

inserted ifyz9let PRIditidRAIV RI&Kpiefdrhble T 85 fuePsdlvaédntain @fcobipPdsskd FidIRME 1 Nt O
the fuel tank via the fuel controller until the desired quantity of fuel
has begn thansd & hyRfodtin. t he fuel tank has reached capacity. The signal from
the controller to the indicator is provided to indicate to the operator

that the qpe1At oThdMefdasaliBlmelodkiRaCod taanbnuBletivatdd ozt I0RRT ®hereifont act s
the contact nenber and the nozzle is renoved fromthe fuel tank port. BRIEF

DESCRI PTI Ghbvemeérit YERRLnoZk BV ePin d Fifst BIREiibANGSeKE i2ridzzfel te thd fuebtatik Porfndfl | ed
schematic diagramof a fueling station in conbination with a fuel dispenser

and fuel siKyrei@enoedsdit of thedRele (HRE i akddona RifreGorlBIdORE tHR HRic®Reth ted 20
the present invention. [0028] FIG 2 is a sinplified view of a nozzle and
port in adoertdekpsrt vhiy luponactvatioeof e gestntigreniich Of Prefegatily, asefilst Wirgeiohi on,
for use in the fuel filling station of FIG 1. [0029] FIG 3 is a

si npl i1bi edanditRwsetordl dizibreaeabppedd, i.)) afs difgotla (8D dédréesfre @a8@nptHeter r ed
enbodi nent of the present invention, for use in the fuel filling station of
FIG 1. 2Fdrefampleftha firét dictiorsmap be ftoveard \the laftaindahe# egcting dirgctigpomby be
accordance with a third preferred enbodi nent of the present invention) for
use i n thaowael théirighf, althaightsuoh fedturlinotlessential or fedQitdd. Mbfy cdmbigations
sinplified view of a nozzle and port in accordance with a fourth preferred
enbodi mentof difst tahd spearskditectionsecdn nendirrereswithaut uhdud epgderimentating. st ati on of
FIG 1. [0032] FIG 6 is a sinplified view of a nozzle and port in

accor dancq0048]h Atifef trtayfredh@udesithatib cdinmested tofthe redegsablednterlockagingredne f or
use in the fuel filling station of FIG 1. ' S DETAILED DESCRI PTION OF THE
| NVENTBON tinr38pvidéssiop thesreleiasabie énericsk to senakin écthe deleaseapgsiticatfasa imdedret hods
for grounding an operator during a fuel filling operation i mredi ately

bef or e r erfinve peridchsubseglient td activetian &f the grountiegswfitcit| Ehédtimeherovides &irdhe By
using the present invention, static discharge from 10 the operator during

t he nozzl eel¢asatiairderndckito prroain dsthailddked positiok el gl etherdimesywhen A nekzzieiel or
vapor that has |eaked fromthe fuel nozzle/vehicle fuel port area during

t he nor malre¢aived inghe podedbe linjiedtime\ngripe mayibe hipousone tmthrge pundredi | y
directed to a fuel filling process for filling hydrogen gas in a fuel cell
f uel tank,secordgpardpieferalply eheutdive seeandsapply equal ly well to 15 filling a
fuel tank with any flammble gas or flammable liquid that emts flammble
vapor €0 sUe®1¥s fyaindicatas to P@@B’S]lnd"‘éatioﬁ thatdhenozzie mAksaighkmgMmayedfrophe
operator occur at a grounding point adjacent to the fuel tank port of the
vehi cl e. Fbe rengptasieemay be phevigadashare themipdigatop Arovidegjingication dydrgthedimiiest ance
that is any suitable distance between the fuel tank port and the 20

gr oundi ng R period-or exanpl e, the distance between the dispenser and the
fuel tank port, or, for exanple, two to ten feet or even nore may typically
be appr opr[Ba@‘H Nﬁ/gf@%@'a@léﬁl‘t% may bPé’é@QFait\Rxﬁh%@ﬁﬁqsﬁE'@é’P@”%"I e F{eASAE | ow
for proper groundi n% in accordance with this invention. 0036% Ref erring
now t o t hdnigrlagk Mgy Peaeyeithat mewes fomphedeek Pﬂfﬁ@ért%fheerﬁ@aswo gy 25

el enments throughout the several vjews, ther? sh? in FILG EL sdaf ety
syste|%55 o ere ythe lever blocks the nozzle from remova from the fuel tank port until move

from the lock position to the release position. A grounding verification switch adjacent to

-5-



.grounding an operator at a fueling station 10 prior to renoving the fuel
fill nozzle 22 fromthe fuel tank port 32 of the vehicle 24. [0037] For

.pur poses of the present invention, vehicle 24 nmeans a vehicle such as an
aut onobi |l e or other nobile or portable apparatus that has a fuel tank 26
that is to be 5 filled with a flammable gas or liquid fuel. [0038] The
-fueling station 10 consists of a station controller 12 which nay be | ocated

0.3 Tuel o BRI 4 ik oSAARINNG Bid RSB IALIOR ) 0dde Bl 10 v L

al so include a source o resse such as

the. monit 8155 “ﬁJe‘?'*'°%‘%Pu5“f“°ﬁ%g‘§?ﬁ“°* %’L@%Y bl ureh A PR g S
10! The 1 0o o F R R o g o P Ry, G ¢
?inL"pirI VBB RBRGT R e i PR fép@%”sf@?é%bﬁ AR el L8, g

Pl ace, sor baote %&ﬁnon feraﬁmmwn {5&1@ %%éﬁégﬂ tngé&ga%tﬁé {;/rjohﬁ'&in he vehi cl e.

15 [00 seen nost c rimary 1nventive aspect

of one pr Q/E@fcra%gn gwgasa &ro%dﬁ?@eﬁfﬁ%g&l?’sﬁ%?\trﬁ@ ﬁc@fie EQ%cWa‘ﬁ fMharddlyention

is the use are e interTock or the nozz respect to

t he port %%thJHSZik-?{h%?F@ﬁo‘?sﬂdWSHuelck 42 functions to lock the fuel fill

nozzl e 22, using manual, pneumatic or other formof automatic function, as

gener al |y (60NN A bidahaing Y8R alilieslitil mby bt indRkigh ion Wit s THE! Y lock to

t he vehi cl zzl e port 3 ess and until the operator has
grounded lyrdlrRfind\RirfiEAtlontsWitth 8oty t‘érih@ﬂje@c&l{tr%ﬂ@rdEH%g‘uglec\bhﬁ'slle‘}‘énaEh‘\fH
groundi ng "devi ce 44 includes a contact nmenb and a grounding s ch 40

wher ek PRy F e %M@ﬁ&h@ﬁo&@o&fa&% aggaggﬂ of‘tﬂ@‘fgr&fn@fn@r\ém’ld/at%m act by

skin, activates the grounding sw or an automatic version;

see bel OWkyREn alfr@Winidr c@hrféa@a% tHERSI &mtroﬁe@%naelr&x@es%ér fid¥eof BkpRSabl e
interlock 42 to nove froma |lock position 42A to rel ease position 42B to

-10  providpnd bide ﬁehedfwﬁeléasblofﬂezgrbmnd%?gamlflestt&as%%h%r%llmtédme't can

be renoved fromthe fuel tank nozzle port 32 by the operator. [0040] It is

recogni zegetib@kubdeqlintb @él@és%béf%é @hn&hg vERHaAGH sWRIHD efhedé Bhtrbig

groundi ng devi ce 44 sense actual physical skin-to-contact nenber contact
such that proideRabF hé Rlel ROTBWASTer RO tdPLIAS BEAdORad Kee TBEEHEd LntiNBYde -

However, since it nmay be desirable to construct a safety systemthat is as

si npl ¢5an@rdumf@e§mgcnes ,Egsadmsﬁ;ubl e, the present invention also anticipates
the use of a grounding switch 40 that only requires nechani cal novenment to

be acti vafesR2anchrdees efbodintsit 858 khfely SLBETdr AFoupkiRgtan dpakatéoatiAfielindler e,
the operator contacts the contact nenber 44A which is connected to 10
ground, butativheludag adlel $iling obemgom sciissproaiged wbithnmaildesiCfakl tank gorRM  of an
el enent connected to the grounding switch 40, e.g., the contact nenber 44A.
[0041] Moemeninictioh héthracfielaaaibioe racaivittd @ dliel 4 nbzaden d dreuhdicgk desd ti on 42A
to the rel ease position 42B can be acconplished manual |y or automatically
usi ng an apfacentab tieefuehtank pokt otbk igngundingi deeicd tnallidingea groyundihg switzla hplirg a
pneumatics, electro-nmechanics, e.g., 15 with the use of notors, or by any
ot her 20 or mootachrmember togeesine physidat ednthaidyitimgoperator.i Physict oomthctasfithe. [ 0042]
The groundi ng operation, wherein the operator contacts the contact nenber
44A whi ch cactacvmtmbet haivgtesine grognging switch 0A fied comtoaliadispgovdded foe 44 can be
performed in a nunber of ways in accordance w th~the present invention. For
exanpl e, phyidifg fredilowl thrgugtethe nez4d ontyywhHemdhe geoundipg ewitde & doutinaoysiya
grounded | ever that requires, for exanple, lifting or sliding to activate,
a groundedctiated.e on a rotatable switch, a grounded touch sensitive point
on the dispenser, or any other simlar device. Additionally, as described
bel ow, t hE0QR3DuFdiotheer @enbiodimetd ot anafety $ystem fod gsaundingtan aperatoeattafuelingii t h
returning the nozzle to the nozzle boot 32. The contact nenber 44A is 25

el ect BB calstajion alurieg addel fiing openatior saalsdprovided Whidndecitdas ofwet taok gedimdi ng
devi ce 44 such that the when the operator noves the |ever, button, etc., of
t he gr oungpmgugation wit a fukldank for receiving a fuel fill nozzle, a grounding device

-6-



.operator nmust nake physical contact with the contact nenber and is thereby
electrically connected to ground. r0043] Once the groundi ng has been
performed and the grounding switch 40 has been activated, the rel easabl e

interlock 42 causes the fuel fill nozzle 32 to be releasable from5 the
fuel tank nozzle port 32. [0044] Fig. 3 depicts an alternate safety system
105 of the present invention. For the sake of sinplicity, like parts with

nanbor . Fargn B nRTBAR 8 Ahe SrodPE, 4GB AREL A e RaRr RefiRC ST onat o

ozl e 12Zohfeddh s GEIREMES s FRALARbse AR BRI Bl e 4 e, 20
the 1ol cadds BalibieE br ESGY ol R felBh et e 28 e buario e &, ' 1o
remove or arfﬁw gfﬁrﬁelt Qr?d ﬁ@%ﬂ%g aijs gg\?}h%mﬁgrﬁ%ﬁéjﬂﬁé BPoQEdengrefuglﬁgts?oﬁlgﬂvﬁﬁgr

144A, in thi's enbodl ne a ver, such

f, Eet ﬁé@ fs;ﬁ@ﬁ*‘é@%@&%&?ﬁ%ﬁ%&nﬁ“a?ﬁ‘érﬁs%%% i’%ﬁ?ﬁ%ﬂh{?ﬁ;ﬂ@?:ﬁ@%ﬁ%ﬁ;iﬁtﬁngéf"f her
e b
TP e R At e R
g\r/mptjgﬂi Qg'vglarl fsitca?l En sevi 'E'cl‘u 15%/%‘2 3ct. iova (rafé.tc%%]e dg'grouh\al né V\‘/’Q@i Flecﬁti on
fudi il RORAE bR 181 SO AfiderRIPE uct it Aol il 1nd (BoRGhE bé,'Y

connect ed round. I'S manner, e opera nmu e contl1 nuo

Seer 8o e hEBoLIPl B IRERRS AL Eabf ikl LA we i 32
i ncl uded ﬁfeneaﬁﬁc%géong@ngaieeéamﬂﬁ&emém 30RaRftht BRouRtifs &Nitch BY &R 1 on.

Here, the tiner nsures that the operator “"does Nnot generate -12

, _enough ?L&Inidﬁag%éM/B@Hp?él@h‘@fh@gelégéiabﬁé’M@?foEi@, a?xﬁ_v&iﬁ_@rd‘vﬂﬁtr{éor?&lk% At may

cause di sCharge of significant energy release to ignite e fuel alr

m xt ure. mcso&.hﬁh@@ﬁérafoehé}%ﬁﬁk\f@b@ﬁb&%ﬁb%ﬁ&l/é»mcsw ShitcHOinatig0 (and

has therefore contacted the contact nenber 144A and has caused the

rel easabl @oidctdd Rdfodrid dikhg the aBlEBor Broclss. STHARASEr RAF hal @8 iffBy 142B))

the operator has alimted tine (for exanple, about 1 to 300 seconds, and

pref efgbl YinaiHod In MBRAMDr she niliss iR Ghe hB£Id #6h the bbrt BAEZhE fifedingkAd from
the vehicle fuel tank port 32, 132. After that time, 1f the nozzle 22, 122

is not di gramaceitbcdssttdhigetechi cle fuel tank port 32, 132, the nozzle 22,
122 is again |locked by the releasable interlock 42, 142 fromthe rel ease

posi tion {gi2s]14¢BtHe? nidlitod BE Krolifding ahloberatdtaha fllidd staiohkRting &fG&IgMiAgi Ng

of the operator is necessary for the operator to disconnect the nozzle 22,
122 from bF@"aﬁSﬁlisCéléb preVided Which3rclud¥s proddieglaGuel4onk petbinsdsetm@fcdtion

i ndi cator |ight, nessage screen, LEDs, and the |like, may be used to

i ndi cate WithtdhReltark firescdivivgyd a [faeldill ndb£le AUty hetfiisldilliag oberagewundi ng devi ce
44, 144 by contacting the contact nmenber 44A, 144A. 15 [004p FIG 4 depicts
anot hgg agtcunamigeleriteadiatent todfie fuebtadRbeitYs srysidednwh8teinthetdreunting ealice

i nvention. For the sake of sinplicity, like parts with respect to the first
enmbodi meninchides dgrodisding Saitaichasirigha eorftaed niumiishr ¢6l rexeiviegshy sivaitventackby the
exanpl e, nozzle 22 in the first enbodinment will be designated nozzle 222 in
t hi s enbodpembdr, wheeirsgysicsl cynsdoe of {RE Tohtact memberadtivates tiaangropndihg 2&2ch.a

fuel fill nozzle 222, and a groundi ng device 20 244 adjacent to or near the
fuel tankATozaizdontrdBat.is progidgd dhatds agiveimbledsy tA8 Zroundingdedtch tgpovideifogl swi t ch
240 and has a contact nenber 244A to receive physical contact by the

oper at or $owhhitoogh thehyszzieadnicwhéattte grbunding switthds tontienbesly activiatest €Ehet he
groundi ng switch 240. The grounding switch 240 is in conmunication with the
fuel 2®nt cohtaer méMbésisehsiclly coptasterito tatiatéd thel grogndingppwitabdyhias activatesol | ed
by the fuel controller 18, only when the 25 grounding switch 240 is

cont i nuoudig/fuattantatiedo pfdwidegiuelfitaN.ng devi ce, i.e., the grounding swtch
and contact nenber is, in effect, a fuel activation handle. -13
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|

[0048 FIG 5 depicts another alternate enbodi nent of the safety system 305
of the present invention. For the sake of sinplicity, like parts with
respect to the first enbodinment will be designated with a three hundred
series nunber. For exanple, nozzle 22 in the first enbodinment will be

desi gnated nozzle 322 in this enbodinent. 5 Here, the safety system 305

-again contains no releasable interlock. Here, a fuel fill nozzle 322, a
f uel tank I t
ar ound ng Teaoe A D Ee R o el B PPyt ond Pkl Bfbunding

ground. Thg %&ae%wf@ﬁr@ ast.%éurmp%ofubmnldg%%@oar.@bvad.ua@m&ht.ﬁauﬁ p. The

fuel controller (see or controlling fuel flow throug

nozzl e, i Syrbfigihygate %0248 cmtéo% 00! Bakcer. roTRIFCS rudfidfk Bbrt il

groundi ng devicé 344 is contacted, thereby activating the gr oundl ng switch
340, the fdéﬂm&ﬂ&ﬁtfoﬁ'vmra Ll @h@?ﬂr‘?@é’el\ﬁrﬁq thb Y& fill ﬁoﬁlé"ﬂnd'p“oﬁch@g gont act

menber 344A is rel eased or when the fuel tank has reached capacity, the

fuel cgntrg burﬁanl&ﬁ&b@cﬁﬁcénﬂfﬂthé%éim .JOHOWe ounEhﬁg tfléWJe mm.ﬁ@u&rnta%% then

provides a signal to an’indicator 345) such as a display screen or |ight

that indi crﬁérﬁsert@bnheetee@@g@hﬁa which® 8 aHted 16 Hé@él{?e %M&@@éﬁ&&%yﬁhs si gnal ,
t hat groundi ng nust take place prior to renoval the nozzl e’ [0049] FlG

6 depi cts GpaAsthErA &hél%ﬂ@él%r %m@ﬁirm@ fuerfﬂmr&@h%dn% BRIt R o0kiel he

present invention. For the sake of sinplicity, ke parts with respect to

the first \gHeve thamBl comtrolleriRod@ss H8ighf hehtthe é‘orftfb‘llér prendésiepRydtgs nunber.
For exanple, nozzle 22 in the first enbodinment will be designated nozzle

422 in t hifpwiig) oh Meitbtor bravided 813 Picatatto tHCopedasr, dmedatdiwepod i | | nozzle
422, a fuel tank nozzle port 432, a grounding device 444, a fuel flow

cont r abl erreddiving & Sigral, tﬂ;at)groarrwhgmustrtdke:gb@é i)l‘?dlﬁo réMhsval bhmef nedzId. | P

controller 18 senses that fuel is no |onger flow ng, either due to the fuel

tank bei nghoktklis PeltdtinfPBedid tarkport, bdigsiedd qidnety offfudl ishputtifte thei@lel f | ow
controller sends a signal to the indicator 445 to indicate to the operator

that he 0rtar‘ilhﬁa$Hi53fmledcd?@r@tl@¢01ntlgﬂh@ldi@§”rélfc?tﬁntltycbffﬁﬁl hasBYé tradsféied boel e from
the port. -14 [0050] In use, in all t he above systens, the operator

pl aces t heugladak kas reathedl qpatitya THe BiIMAITITS tHe BB irap thediheicaefls frodded
function based on the above systens in order to withdraw the nozzle from
the port. th(Hifickdte B thb@pgiatarithatihe aperdionriistiestadt iedcdresa inmeribdrh Thef er ence
to specific 5 enbodi nents, the present invention nevertheless is not

i nt endéd topehstod comtdatsitheaontaet chetriiet sndsthewmnzziRig reeravet fonothe foeidadk pat.i ons
may be nmade in the details within the scope and range of equival ents of the
clainms without departing fromthe spirit of the invention. 10 -15 CLAI M5
W claim 1. A safety systemfor grounding an operator at a fueling station
prior to renovi ngBRIBFUBESCRIRTIONQF SEMERALAVIEWE OFaFtkE DRAWINGESI et i on of a
fuel filling operation, said fuel fill 5 nozzle connected to a fuel source
by a fuel [@@2WuiRIG. $id al sivafiified schestaticndimgram ioba fggling ptation inedonpkzindtiqmowith i n
comuni cation with said fuel tank for receiving and retaining said fuel

fill nozzladfudinlispansehand iuel stbiabe vessedipeacacidence with aneg prefercidembedimest of

adj acent said fuel tank port, said grounding device including a grounding
swi t cBOhavhepresenionventionmenber adapted to receive physical 10 contact by

t he operator, wherein physical contact of said contact nenber activates
said gr oud@@?ﬂj WSt &1 a aimplified view of a nozzle and port in accordance with one preferred

embodiment of the present invention, for use in the fuel filling station of FIG. 1.

[0029] FIG. 3 is a simplified view of a nozzle and port in accordance with a second

preferred embodiment of the present invention, for use in the fuel filling station of FIG. 1.
25 [0030] FIG. 4is a simplified view of a nozzle and port in accordance with a third

preferred embodiment of the present invention, for use in the fuel filling station of FIG. 1.
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.c) a'releasable interlock providing a | ock position wherein said nozzle is
| ocked into said port upon insertion of said nozzle into said port and a

T el ease position wherein said nozzle is releasable fromsaid fuel tank port
upon conpletion of 15 the fuel filling operation and after physical contact
of said contact nenber is acconplished; whereby accidental ignition of fuel
‘due to static discharge is prevented. 2. The safety systemof claim1,

wher ei n ngogaﬂjTOM@'sWQa‘iﬁﬂbllﬁSd mﬁ&%&éyea&ndlpﬂa@jﬁe Ia%cofﬁéﬁc% fhe{ﬁ)thrhom sai d

nozzl e. saf ety systemof claiml our ce

contal s, AuERMRHIIRAAIhMRI fb prdlht 33ERIGH, RHIBEM RE 16 Ay Latphf E £21 d

fuel tank 1s a ueI fue Theé safety system
ifeh | ever,

wherein s3jggzge! e %bé 8 ssn%lmsa 9@&» dr n"bz%%@'ﬂo)’t Edorddrd vi

iRt f?}zit
wherei n novenent of said nozzle [ever in first glrectlon ocks 25 sald

nozzle to p%efedreate%bddﬁﬁ&t@@fﬁe ﬁ@@lanwﬁem.dﬁ f@%@@ﬁﬂﬁwe%%%mh& sBfieRIF FIGVET 1N

a second -16 direction unlocks said nozzle fromsaid fuél tank port only
upon agtivation of said grounding swtch. 6. The safety systemof claim1,
including a timer connected to said releasable interlock, said tiner

providing for said rel eqgablieeh HEYERAPKIGN OFCIHE: TN\l’EN'ﬁI@JN]I rel ease 5
position for alimted tine period subsequent to activation of skid

groundi ng [pgh JChrheSéHeQeﬁt'nﬁWntl&{ B‘Hu@bﬂé@ té gﬁpa%aaug ah8 InesaHal er Qr‘&hﬁ&m@%‘ﬁ to
remain in said | ocked position at all other tinmes when said nozzle is

recei ved idpepatbFdigia fuél fillfiforemdtRnimiieiiatdly Béfofd @inBvihg thE Riet i nasd &l
limted time period is about one to three hundred seconds and preferably

about fi vergieaneshicid By the dptPatsrl B WsiSy HeGiFedtnt MvahtBnd stati® QlsERArgE f@fn

i ndicator to provide indication that said nozzle may safely be renoved from
sai d riecephaeperatsraiufing tHE SkRIdigtoRMédlioR Proddeds Gat dd? Nkeh A4S i§@tich bf fukt ed

time period.

or vapor that has leaked from the fuel nozzle/vehicle fuel port area during the normal
fueling process.
[0034] While this invention is primarily directed to a fu'el filling process for filling
hydrogen gas in a fuel cell fuel tank, the present invention would apply equally well to

15  filling a fuel tank with any flammable gas or flammabile liquid that emits flammable
vapors, such as gasoline.
[0035] Itis preferred that grounding of the operator occur at a grounding point adjacent
to the fuel tank port of the vehicle. For purposes of the present invention, "adjacent"”
means a distance-that is any suitable distance between the fuel tank port and the

20 grounding point. For example, the distance between the dispenser and the fuel tank
port, or, for example, two to ten feet or even more may typically be appropriate. Any
distance of at least two centimeters will likely aliow for proper grounding in accordance
with this invention.

[0036] Referring now to the drawings, wherein like reference numbers refer to like

25 elements throyghout the several views, there is shown in FIG. 1 a safety system 5 for



.9. The safety systemof claim1, wherein the grounding switch is integral
to the releasable interlock. 15 10. The safety systemof claim9, wherein
said releasable interlock is a |lever adapted to nove fromsaid | ock
position to said rel ease position, whereby said | ever blocks said nozzle
fromrenoval fromsaid fuel tank port until noved fromsaid | ock position
10 said release position. 11. The safety systemof claim1l, including a

gr oundi ng o¢ & fdfeCaH 6¢aaat%%tt§hueﬁr¢d &a6eH 1@Bricsrgo ?@Mi@q)ﬁélfseﬁngoezﬁiz@ﬁrrom _

connectedto sard rel easabl e interlock, said grounding verification swtch

connect ed {#Of Bl faHRlboR 22idF tld Whicis@4 d fuel controller enabling flow of said
fuel fromsaid nozzle only during activation of said grounding verification

swi tch, s3apehri MRy pgrp%gééibna? bRdsefifihfertish oAt 84 MakRs h%hscreos,u'z:ﬁl%i dhin

said release position for alimted tinme period subsequent to rel ease of

sai d groungidisbbilor bifeRtdBile SMpdrfdble Apatatus HAEhSRE fleY tahkSBaARAE 16 bﬁi m 11,

wherein said grounding verification switch includes an activation handle on

sai d n9zzlifed Rk addHnbdungad or IRaRtal s flow of fuel. a -17  13. The safety
systemof claim1, including a grounding verification switch and a tiner,

sai d groungeasy vk flidiFdistaionsiyi doRbisG @%@ét%]gl coftréllel Y2 WH thaP bé §ocatétfihd

fuel controller enabling flow of said fuel fromsaid nozzle only during

activation 10é| fiedeMsOr RUGHISEIVHERS infthe 3iation 16 WThe BiatisRd will 486 ingR¥est ed to
said fuel controller and providing for flow of 5 fuel to resunme once halted

by rel eas@oficeohc8mpreasddifuedsychrdsid fual $terags Wessdn 16 Fueldiow ¢Brtrefert 1gr per i od
subsequent to release of said grounding verification switch, and wherein

said fuel cepidliny ficw oPIEN bAES nMdHitoN20 fordele menitdriny o fustaiAbalid, Thé Rl ti e
period has been reached until said grounding switch is re-activated. 14. A

saf et Y0 sy fib@rBch@blled 8 HhdinidhitaP 20 By HeQbcatéd M the!lspetse? 1At dralseiidré th tef Uel
filling 10 operation, conprising: a) a fuel tank port in conmunication with

a fuel taglatbaror aeeifivélMews flontthe fidi stor@dezledselblb tArdligh WTdeN®neaelY 28 % a
adj acent said fuel tank port, said grounding device including a grounding
sw tch havidigow reeat 20t THe e flowthaRle 22tngate£ah R fuel tank port 32 in the
vehicle 24. The dispenser will also have a rqsting place, or boot, 33, for supporting the
nozzle when not filling the vehicle.

15 [0039] As can be seen most clearly in FIG. 2, a primary inventive aspect of one
preferred embodiment of the safety system 5 of the present invention is the use of a
releasable interlock 42 for the nozzle 22 with respect to the port 32. The releasable
interlock 42 functions to lock the fuel fill nozzle 22, using manual, pneumatic or other
form of automatic function, as generally known, that causes the fuel fill nozzle 22 to

20 securely lock to the vehicle fuel tank nozzle port 32 unless and until the operator has
grounded him or herself to the station by a grounding device 44. The grounding device
44 includes a contact member 44A and a grounding switch 40 wherein physical contact
of the contact member 44A, preferably contact by skin, activates the grounding switch 40

to cause (for an automatic version; see below) or allow (for a manual version; see below)

25 the releasable interlock 42 to move from a lock position 42A to a release position 42B to
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.15 physical contact by the operator; wherein physical contact of said
contact nenber activates said grounding switch; and c) a fuel controller
ffor providing fuel flow through said nozzle only when said grounding switch
i's continuously activated; whereby accidental ignition of fuel due to
static discharge is prevented. 20 15. A safety systemfor grounding an
operator at a fueling station during a fuel filling operation, conprising:
a) a fuel i ] i | : r YA f uel
FHT nosa Vil Bt e G FeuAlL 23 et0icttdrle ueiifin 8l o RInd 86 FoH B e

groundi ng | | | ntact menber connected to ground adapted
to recei vég@%g(g%l:a dc%?]%ggier‘tg’f?attﬁg operator; -18 c) a fuel controller for

control i goddie! hauhita el SabrreaBelfat thebshild Sherfilidsal e PT OV di NG

for aflo fue pro ing a sitgnal when said controller provides

fuel to St@&ﬁda Ydifbe A1ELridh Rflial ARl in-ddiBintadt Hehide? BohiBct ARG A OF -

I mredi at el”y upomn recei vi ng sal d signal, that groundi ng nust take pl ace

pri or 50 ISHERA oftftacidioth (A% heRata VB RFEUNG 18R fkdCHoRloubBInEL Rl pd Uel due to
static discharge 1s prevented. 16. met ho or groundi ng an operator at a
fueling s i sy > : ol § I n
[uel 110, S\GkkAtlo ROBRIKSLNSHALY FHSRANET: a8krROUnd o dicle SN0 1
nozzl e durdré‘é%n@infvggt?onfélédkbﬁlﬂ:i;ﬁ%rtﬁ& W88 of # hrdihany Lwitsh Qogfaggﬁﬁgégui%v' ce

adj acent to the fuel tank port, the grounding déevice in gr oundi ng
swi t ch havdiaficabsthenTRYBE hclivitd 4RI dssRIRY RbSedkaMP BbRe thBiddifeapper at or

wher ei n physical contact of the contact nenber activates the grounding
SWitch;  contact. Here, the operator contacts the contact member 44A which is connected to

10 ground, but the actual switching occurs based on mechanical movement of an element
connected to the grounding switch 40, e.g., the contact member 44A.
[0041] Movement of the releasable interlock 42 from the lock position 42A to the
release position 42B can be accomplished manually or automatically using an optional
automatic locking device 43 driven by, for example, pneumatics, electro-mechanics, e.g.,

156 with the use of motors, or by any other form of providing a mechanical locking function
automatically.
[0042] The grounding operation, wherein the operator contacts the contact member
44A which activates the grounding switch 40 the grounding device 44 can be performed
in a number of ways in accordance with the present invention. For example, the

20 grounding device 44 may include a grounded button, a grounded lever that requires, for
example, lifting or sliding to activate, a grounded handle on a rotatable switch, a
grounded touch sensitive point on the dispenser, or any other similar device.
Additionally, as described below, the grounding device 44 can be located so that it
interferes with returning the nozzle to the nozzle boot 32. The contact member 44A is

25 electrically connected to ground (earth) and is located on the grounding device 44 such

that the when the operator moves the lever, button, etc., of the grounding switch 40, the
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.15 ¢} providing a releasable interlock having a | ock position wherein the
nozzle is locked into the port upon insertion of the nozzle into the port
and a rel ease position wherein the nozzle is releasable fromthe fuel tank

port upon conpletion of the fuel filling operation and after physical
contact of the contact nenber is acconplished; 20 d) w thdraw ng the fuel
fill nozzle froma fuel source boot; e) inserting the fuel fill nozzle into

{151 e RSB RS AREE A P SPRE R B SRl il

contact nmeRR gt e the grounding swtch of the 25 groundi ng nenber
to rel ease tﬁéeCt%&e)fe sh'\b@e I nterlock; and h) withdrawi ng the nozzle fromthe

DOt L5 QAT B okl R led U et a8 SRNAGRE |
\r/\ﬁl easabl E‘ac’ti\%t&?,'tﬂg lfel%é‘s%lbléqﬁ rIB%l@L’i 4. 3ds %{%P@' rlg&zl@%‘z!tM%E‘?QIeE%tﬁ%ﬁohever’
ereln novenen (0] the nozzl e ever In a I rs Irection | OCks e nozzl e

to the5f uqll]e f@m{%ngg%z@gogblzpw flow of fuel and 5 wherein novenent of the
nozzle lever 1Th a secon irection unlocks the nozzle fromthe fuel tank

v and i _ _ noun ! S eh
\m;reﬁz tﬂgo:gtjgg*ug.gs Qetits HH%ﬂaﬁt%f]é é@ét}g@?st% Hé%f%&b}@g%ﬂ%v%%&‘ﬁ Forat'gg t he

contactin e cohtact nenber enabl es novenent

nozzl e | ewgfe bfs ﬁciﬁ@ﬁ@&r@iwiﬁpﬁegﬁgebét&&e ﬂ&%n’i%hﬁéht%lmé @éﬂ?%&?r% %‘E%' udi ng

a step of providing a tinmer connected to the 10 releasable | t he
ti mer proydif@dfed sehiB® nlifbBASHR RaiPleChb2423 M the HRk Em'deih%% &@L@é‘se

position for alimted tine period subsequent to activation o

gr oundi NG @Wioh&fdd ricB8le 1RB% tHY Qﬁb&%iﬁ%%ﬁ ﬁﬁpﬂoﬂ@ll)f, gk eas Bleﬁerj\ Wﬁfﬁr ACthel O

remain in theé | ocked position at all other tinmes when the nozzle iIs

recei vad igkitth848H sombifatioh At RE RERtaef mEMBEM may BE aUsldd trat bRt the
providing a fuel controller, providing a 15 grounding verification swtch
and conneciyiteh 120 Wherd helieve? i 1b8Atb& o tRRH NP Wb H AE r8lchédBésition 144B (i.e.,
a grounded verified position) in order to remove or replace the nozzle 122 in the nozzle
boot. The contact member 144A, in this embodiment, is integral to the lever, such that
when the operator contacts the lever to move the lever, the operator must contact the
15  contact member 144A and thereby grounds himself.
[0045] With either of the safety system 5 or safety system 105, optionally, a grounding
verification switch 136 may be used such that fueling may only proceed while the
grounding verification switch 136 is activated (shown in FIG. 3 only). Here, the
grounding verification switch 136 is connected to the fuel flow controller 18 (FIG. 1)
20  which allows flow of fuel only when the grounding verification switch 136 is activated.
The grounding verification switch 136 is connected to the contact member 144A which is
electrically connected to ground. In this manner, the operator must be continuously
grounded during the fueling process while fuel is flowing. A timer as described below
may be incorporated.
25 [0046] A timer 34, 134 may be included as part of the safety system &, 105 of the

present invention. Here, the timer 34, 134 ensures that the operator does not generate
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.connécted to the rel easable interlock, the fuel controller enabling flow of
the fuel fromthe nozzle only during activation of the groundi ng
verification switch, the timer providing for the releasable interlock to
remain in the release position for a limted tinme period subsequent to

rel ease of the grounding verification swtch, wherein the step of
contacting 20 the contact nmenber enabl es novenment of the nozzle lever in

the Secongneugﬁast.@aetmgnbr&nhlnglén@qo&dh% Hekhd mél né3le thAemapthad of claim

16, including steps of providing a fuel controller, providing a grounding

verificat 'd@%hé?@etd?glgﬁﬁgaﬁ%@?dvr%fiagé’t& gRitd M@'fu&%ﬂtrﬁx%u"éﬂ@né’é‘@ie @k ng a

Y,
timer, the fuel” controller enabling flow of the tuel fromthe no&%e only

during aCtlw'a¥%¥:in%ed3fhetdﬂ&r%5nq9§vﬂtbﬂ¢on@40’ ?dridea@.ﬁl‘ﬁér@f&ré&\éﬁtE&ied tRecdriagr
connected to the fuel controller and providing for flow of fuel to resune

once hal t g¢bRier'4IAS354A Ghd hBE cAisRUNHd rweaésbnbf.msﬁédm $4p tE Mol Ofg the 20
limited time period subsequent to release of the grounding verification

Swi t chg arﬂéie&@l@ﬁc%tfbntm f1142é) O(ﬁélbﬁéﬂa{&maeaqml@eweqror@saawﬁl abdti1 t@\@o@f ter
tha limted tine period has been reached until the grounding switch is

re-acti valsgeonds\agd Breferbblg abbats gécohué)ltb AEchirRct 4! fuénam lhoklE budes, frefeasi ng
the grounding verification switch during fueling thereby 5 stopping flow of

fuel and Ql@éwémélemnm ;fé@trﬂzaGBz NRfibehat ind, RAE n¥2416 20 M2us apndi ng swi t ch
to restart the flow of fuel. 21." A method for grounding an operator at a

fueling stycbRRedied frovg the (etable Fid kdrikBoRB, 482,0Re n6SAPL2, S1220is AhirPlbedddi Ng a
fuel tank port in conmunication with a fuel tank for receivi ng a 10 fuel

fill nozzlw tieelFdigHbableantetiock 42, 114 A@noPe ralbasNposkion 2By HARB & fedb@ndi Ng
devi ce adjacent to the fuel t ank port, the groundi ng device including a

gr oundpng pautibs B2R14270sBthe DRt @FetindByTbEhe bperabt 6 HeceRbag iferathe @paiadditoby the
operator, wherein physical contact of the contact nenber activates the

gr oundi ng dissbhedtt tHdnszle NV ifrdeh the fvebitleq@rt320H BRI Ahlrdicdtsr 4814 aLam! e by
the grounding switch to provide fuel flow through the nozzle only when the

gr oundi ng as8uintiadicatdr Mtmedsays kyrean LBEE, @dd thliked inap Mgsisealtd hdeard mahée Ng

the contact nenber to activate the grounding swtch to activate the fuel

control | elopbeat@rthst Hkcorf shelmiidt @dtivate the grounding device 44, 144 by contacting the
contact member 44A, 144A.

15 [0047] FIG. 4 depicts another aiternate embodiment of the safety system 205 of the
present invention. For the sake of simplicity, like parts with respect to the first
embodiment will be designated with a fwo hundred series number. For example, nozzie
22 in the first embodiment will be designated nozzle 222 in this embodiment. The safety
system 205 includes a fuel tank port 232, a fuel fill nozzle 222, and a grounding device

20 244 adjacent to or near the fuel tank nozzle 232. The grounding device 232 includes a
grounding switch 240 and has a contact member 244A to receive physical contact by the
operator such that physical contact of the contact member activates the grounding switch
240. The grounding switch 240 is in communication with the fuel controller 18 (see FIG.

1) such that fuel is supplied, as controlied by the fuel controller 18, only when the

25  grounding switch 240 is continuously activated. The grounding device, i.e., the

grounding switch and contact member is, in effect, a fuel activation handle.
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.20 whereby accidental ignition of fuel due to static discharge is
prevented. 22. A safety systemfor grounding an operator at a fueling

station during a fuel filling operation, conprising: a) providing a fuel
fill nozzle connected to a fuel source; b) providing a fuel tank port in
comuni cation with a fuel tank for receiving 25 the fuel fill nozzle; -21

¢) providing a grounding device adjacent to the fuel tank port, the

groundi ng 664/810@:1@“9Ideeacfwar%tmmt%fate@ﬂ@&ﬁme&rm% Sdfety QygteRLaLs gapRt €d to
receive phyS| cal contact by the operator; d) providing a fuel control | er

for controfbddi@idviRlior, | PYF thB'sake b é.msl.a@zmeepanfshﬁthﬁeé;s&k B! | er

providing a signal when the controller provides fuel to stop flow ng; e)

provi di ng éfbddifletatiPbe HBSEnatBd WkRladRreehuhBRIMRAES hGber. W@k%‘éﬁe}’ upon
receiving the signal, that grounding nust take place prior to renoval of

the nozzl g0z Hin 'tI’Tb'Sﬁ‘Ettérﬁ&&u‘ﬂ@nﬂﬁﬁ%é%eb@ﬁé’ce& hezFie1802 ARl e?r?d&dtm? .
inputting a desired quantity of into the fuel tank via the

contr okl erpdtalihb sfata@,f S\Rsdm ads qganwohﬁélr@fnJre@asmé .rre@redakt F@Péfa%éﬁﬂl I nto the

fuel tank or the f tank has reached capacity; , h) providing the signal
from the GRBREA2LES filedtdniReozRAEigoA!IBY ahd o nggdum dévice D1 ke iRiMRIeR], Ofhd hat

t he operator nust contact the contact ne contacting the contact

menber ; afb(i'omr)duﬁged@)(deﬂﬁclh@& 88mh& rhérABartdaRAlthAlis EaiHecRarth groviar Thy
acci dent al ignition of fuel due to static discharge is prevented. 20

N: \ KDG 21 isél U
0, ) S35 S irbe ofad. T ook 116

*zupj e_ZUme] ¢Rrarhealibe flechdw tkbugh thehe2dis ad privaal aabrviel awd eataa] cal c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRaU] c<a! *16+KznD ! Al H " zupkf a[ Vj e_ZU] ] cal]
ca] calioa] GadhbeCH4padiand gRdhaing @ainealswld] donlaeedd, m}s@wdﬁaétﬁ@]tﬁ@be@}ﬁbﬁ@] cal
ca]ca]ca]ca]caV]calcal ca "#$3<& (e))*

*BY*F 2+, switch 8360 thé f@5QadrdlieB Bg ;tmtﬂ‘ea‘fcw juetwlfeal dptheabaakrmbebEE 344miscal ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca!: 4<=>
AAs BWBB( ERElegdéd bFalthdntkle Fodh RSB NASUEh AN Hapheity/tHedfaglaahtralldr ag]ozasen U] ca] c
a) ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca]ca]ca]ca]calc
ajcal! X fuel to stop flowing. The fuel controller 18 then provides a signal to an indicator 345,

Y5Z[)] 0]~ """ Mod$e*eve(g& .ii:nAnoyqgssssss#ulu~ytoje [V]]ca]ca]ca]ca]calc
a] ca] ca] cajuch e aldismd\cadrear] caight ticst |indiddtesfodhd opgratdr cienosdiataljupahca) cal] cal
cal] ca] ca] ca! \uhvv W ww xyxxx#yy) zlzzzz?{{{*||||}9}}}} A~~~

b} xsnid_Z]rkcsiting treadigrad| cthhiogrbaredinaincat] takd plate pliaratd carhowed| odtheaiozalecal cal cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bhy*=j -5Aczal wmhc”Y]]c]ca] ca]ca]ca]c
a] ca] ca] cqpesd]jc HiGab debpics| arm}iva jatternatz) erabadichest] of dec sdfety |systeoed G5adiché cal] cal
ca]ca]ca]ca! "PsRv&bi {)~l } xsnid_Z]]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] cayesEnt avenfiara] Eal thajsakd obdimalicity] like] el ovithoedmes] tethe ditdt3Vj r ! {' K;
ABx} xsnid_Z]]c]]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] caleradjcciithert]vathbe dpsighated with @dperdiundrgd deffeknumber. For example, nozzle

ABx} xsni d_Z]]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca]a2dn thag firs] eraboediinen] wit bealesighated aBezle 822 ingth(s)embodiment. This

20 embodiment includes only a fuel fill nozzle 422, a fuel tank nozzle port 432, a grounding
device 444, a fuel flow controller 18 (see FIG. 1), and an indicator 445. When the fuel
flow controller 18 senses that fuel is no longer flowing, either due to the fuel tank being
full or the operator shutting off flow of fuel, the fuel flow controller sends a signal to the
indicator 445 to indicate to the operator that he or she shouid contact ground prior to

25 removal of the nozzle from the port.
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details shown. Rather, various modifications may be made in the details within the

scope and range of equivalents of the claims without departing from the spirit of the

invention.

10

-15-



(€))*; **[ K@ 10ZyY: 109%.10%& () - F10%1& ()- SM 10%m& ()- ! $10%& ()-! 10%m& () -
10Z 10Z** 2+, , .v. dEK@ 10ZyY, " 10%m& () - $

“10%m& () - " 10%m& () - & 10%v& () - 3! 10%m& ()- @! 10%m& ()-v../(/|///OdEK@
10ZyYy8 10%& () - S6#10%& ()-4: | 10%mg () - 210%& () -

10%1&’ () -. 10%m&' () -/ 03040506011 @N3~\ :

102! Xf #109%& () - !\ F#10% r & () -, $109&Z& ()-!, $10%4H& ()- 10m 10m

10m : 10%rE () - N335_5-566~\ =~\: 102! $3 %()- | a$$109& () -

K$S109& () - 958109 () -! SIS$10%E () - t¥¥bee () - 6A888888*: 1 {V:

10Z, | #1092& | #LO%HE: ()- 102 107 102S: 10%2& ()~ k. $109%& () -

La $100& () -V, Aé& S4>>1[ 9 Y

1o A, Ml ol R B s B it O
#100/34112:%2%%" g?l #36@3 %(m f& PE&Q{@%&W F O_I_%%}éﬂ fg‘el fJﬂO%]Iope%St%nOgg% §uel?lll
1094 &5 05 nozz conr[.eH\te|_c|J] to'a Rlel source by a fuel conduit, said safety system comprising:
a) afuel tank port in communication with said fuel tank for receiving and retaining
said fuel fill nozzle during the fuel filling operation;
b)  a grounding device adjacent said fuel tank port, said grounding device including
a grounding switch having a contact member adapted to receive physical
10 contact by the operator, wherein physical contact of said contact member
activates said grounding switch; and
c) areleasable interlock providing a lock position wherein said nozzle is locked
into said port upon insertion of said nozzle into said port and a release position
wherein said nozzle is releasable from said fuel tank port upon completion of
15 the fuel filling operation and after physical contact of said contact member is
accomplished;
whereby accidental ignition of fuel due to static discharge is prevented.
2. The safety system of claim 1, wherein said grounding device is located at least 2
centimeters from said nozzle.
20 3. The safety system of claim 1, wherein the fuel source contains a compressed
fuel.
4. The safety system of claim 1, wherein said fuel tank is a fuel celi fuel tank.
5. The safety system of claim 1, wherein said releasable interlock is a manually

activated nozzle lever, wherein movement of said nozzle lever in a first direction locks

25 said nozzle to said fuel tank port and wherein movement of said nozzle lever in a second
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interlock, said timer providing for said releasable interlock to remain in said release
5  position for a limited time period subsequent to activation of said grounding switch, said
timer providing for said releasable interlock to remain in said locked position at all other
times when said nozzle is received in said port.
7. The safety system of claim 6, wherein said limited time period is about one to
three hundred seconds and preferably about five seconds.

10 8. The safety system of claim 8, including an indicator to provide indication that said
nozzle may safely be removed from said receptacle, said indicator providing indication
during said limited time period.

9. The safety system of claim 1, wherein the grounding switch is integral to the
releasable interlock.

15 10. The safety system of claim 9, wherein said releasable interlock is a lever
adapted to move from said lock position to said release position, whereby said lever
blocks said nozzle from removal from said fuel tank port until moved from said lock
position to said release position.

11. The safety system of claim 1, including a grounding verification switch adjacent

20 to said nozzle and a timer connected to said releasable interlock, said grounding
verification switch connected to a fuel controller, said fuel controller enabling flow of said
fuel from said nozzle only during activation of said grounding verification switch, said
timer providing for said releasable interlock to remain in said release position for a limited
time period subsequent to release of said grounding verification switch.

25 12. The safety system of claim 11, wherein said grounding verification switch

includes an activation handle on said nozzle that additionally controls flow of fuel.

+
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verification switch, said timer connected to said fuel controller and providing for flow of
5 fuel to resume once halted by release of said grounding verification switch for a limited
time period subsequent to release of said grounding verification switch, and wherein said
fuel controller provides for no fuel to flow after said limited time period has been reached
until said grounding switch is re-activated.

14. A safety system for grounding an operator at a fueling station during a fuel filling

10  operation, comprising:

a) a fuel tank port in communication with a fuel tank for receiving a fuel fill
nozzle;
b) a grounding device adjacent said fuel tank port, said grounding device

including a grounding switch having a contact member adapted to receive
15 physical contact by the operator; wherein physical contact of said contact
member activates said grounding switch; and
c) a fuel controller for providing fuel flow through said nozzle only when said
grounding switch is continuously activated;
whereby accidental ignition of fuel due to static discharge is prevented.
20 15. A safety system for grounding an operator at a fueling station during a fuel filling

operation, comprising:

a) a fuel tank port in communication with a fuel tank for receiving a fuel fill
nozzle;
b) a grounding device adjacent said fuel tank port, said grounding device
25 including a contact member connected to ground adapted to receive

physical contact by the operator,
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c)

d)

a fuel controller for controlling fuel flow through said nozzle, said fuel
controller providing for a flow of fuel and providing a signal when said
controller provides fuel to stop flowing; and

an indicator that indicates to the operator, immediately upon receiving

said signal, that grounding must take place prior to removal of said nozzle.

whereby accidental ignition of fuel due to static discharge is prevented.

16.
steps of:

a)

b)

A method for grounding an operator at a fueling station comprising the

providing a fuel tank port in communication with a fuel tank for receiving
and retaining a fuel fill nozzle during a fuel filling operation;

providing a grounding device adjacent to the fuel tank port, the grounding
device including a grounding switch having a contact member to receive
physical contact by the operator, wherein physical contact of the contact
member activates the grounding switch;

providing a releasable interlock having a lock position wherein the nozzie
is locked into the port upon insertion of the nozzle into the port and a
release position wherein the nozzle is releasable from the fuel tank port
upon completion of the fuel filling operation and after physical contact of
the contact member is accomplished;

withdrawing the fuel fill nozzle from a fuel source boot;

inserting the fue! fill nozzle into the fuel tank port wherein the nozzle is
locked into the fuel tank port;

filling the fuel tank with fuel from a fuel source;

contacting the contact member to activate the grounding switch of the
grounding member to release the releasable interlock; and

withdrawing the nozzle from the port.
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17. The method of claim 16, wherein the step of providing the releasable interlock
includes providing a manually activated nozzle lever, wherein movement of the nozzle
lever in a first direction locks the nozzle to the fuel tank port to allow flow of fuel and

5  wherein movement of the nozzle lever in a second direction unlocks the nozzle from the
fuel tank port and is enabled only upon activation of the grounding switch, and wherein
the step of contacting the contact member enables movement of the nozzle lever in the
second direction.

18. The method of claim 16, including a step of providing a timer connected to the

10 releasable interlock, the timer providing for the releasable interiock to remain in the
release position for a limited time period subsequent to activation of the grounding
switch, the timer providing for the releasable interlock to remain in the locked position at
all other times when the nozzle is received in the port.

19. The method of claim 16, including steps of providing a fuel controller, providing a

15  grounding verification switch and connected to the fuel controller, and providing a timer
connected to the releasable interlock, the fuel controller enabling flow of the fuel from the
nozzie only during activation of the grounding verification switch, the timer providing for
the releasable interlock to remain in the release position for a limited time period
subsequent to release of the grounding verification switch, wherein the step of contacting

20  the contact member enables movement of the nozzle lever in the second direction for the
limited time period.

20. The method of claim 16, including steps of providing a fuel controller, providing a
grounding verification switch and connected to the fuel controller, and providing a timer,
the fuel controller enabling flow of the fuel from the nozzle only during activation of the

25  grounding verification switch, the timer connected to the fuel controller and providing for

flow of fuel to resume once halted by release of the grounding verification switch for a
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21. A method for grounding an operator at a fueling station during a fuel filling

operation, comprising:

a) providing a fuel tank port in communication with a fuel tank for receiving a
10 fuel fill nozzle during the fuel filling operation;
b) providing a grounding device adjacent to the fuel tank port, the grounding

device including a grounding switch having a contact member {o receive
physical contact by the operator, wherein physical contact of the contact
member activates the grounding switch;

15 c) providing a fuel controller that is activatable by the grounding switch to
provide fuel flow through the nozzle only when the grounding switch is
continuously activated; and

d) physically contacting the contact member to activate the grounding switch
to activate the fuel controller to provide fuel flow;

20 whereby accidental ignition of fuel due to static discharge is prevented.

22. A safety system for grounding an operator at a fueling station during a fuel filling

operation, comprising:

a) providing a fuel fill nozzle connected to a fuel source;
b) providing a fuel tank port in communication with a fuel tank for receiving
25 the fuel fill nozzle,
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d) provudmg a fuel controller for controlling fuel flow through the nozzle, the
5 fuel controller providing a signal when the controller provides fuel to stop
flowing;
e) providing an indicator that indicates to the operator, immediately upon

receiving the signal, that grounding must take place prior to removal of the

nozzle;
10 f) inserting the nozzle into the fuel tank port;
a) inputting a desired quantity of fuel into the fuel tank via the fuel controller

until the desired quantity of fuel has been transferred into the fuel tank or

the fuel tank has reached capacity;

h) providing the signal from the controller to the indicator to indicate to the
15 operator that the operator must contact the contact member;

i) contacting the contact member; and

i removing the nozzle from the fuel tank port;

whereby accidental ignition of fuel due to static discharge s prevented.
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