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DETACHABLE FUEL CELL POWER UNIT FOR VEH CLE

APPLI CATI ONS The present vention relates to fuel cells
and in particular to the use of fuel cells in
vehicles, There is increasing interest in the use of
fuel cells as alternative sources of energy for
various autonotive applications. Fuel cells offer

el ectrical power output fromthe el ectrochem ca

conversion of h en n_t e

I ber ei ‘SF'E‘A#PE‘? qulg[ﬁpaff‘g %%&%?T%S‘ %Egﬁ‘glcﬂgi ng

subst anti al reductl onAPPLIOATTHONSON at the point of

use. Furthernore, fuel cells can be operated froma

direct stored supply of hydrogen (e.g. bottled in

%(';ﬁﬁés%l%tsﬁdenfn@ﬁ BlatePl thdl %@ﬂ@ﬁhdl QiR G RHRPLY (ﬁ’ffuel cells in

V%ﬁ ogen, froma hydrogen-containing fuel from
- t he hydr ogen is r eI eased by an associ ated fuel

processor). IS However, there are many associ at ed

probl ens to be overcone in applying fuel cel

Tlechis ddeogpying dnteredt durthe iuseofa?pgil delimts aihmatiﬂ"&msemﬁﬁmbfgyﬁor

i ncI vi.di ng out p
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da!ndoettijeﬁncax\kml hxg:rm ai;] &YCF‘DQ?I mﬂequteﬁ tb i watérsandnthtdafbre offer

nds ced on_the fue .accordjng to. 20 ,
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Ftﬁthéﬁﬁdi@rfﬁﬁ c@lls daBfHaQertld® Rk alrbet ts%r@fbu@ﬁl? %Ph?cﬁbgén (e.g.

| evel conparable with existin i%ﬁve i cl es power e

s iR AomgeRsEsdi ormb 9t Ei9gT e IAigFt) SURRKY 0T, kw#@@%de shéom a
fyded ek @J,Atmgfgt ltﬂ‘b%n e g%@ﬁ‘ﬁ:&é&ﬂtﬁ 9A1ea§y§$;e§§ase6cﬁt9@ fuel

vehicl e; providing the fuel cell "power un
Pﬁmﬂﬂﬁhckage that is suited to the vehlcle in

guestion. 25 It is an object of the present invention
to provide a versatile solution to providing a fuel
Beltveh dbed apovnery asacbdiatefdopro‘alems ho bk @veromh i hpplmgéuab reell

t.he | ens lcate ahove re m.t
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the peicle anddiv) pevidingtha dud weB powar fait & packegs th@ius prigpd to

at enment s Lat he at | east one fuel cel
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It is an object of the present invention to provide a versatile solution to providing a
fuel cell-based power unit for a vehicle in which some or all of the problems indicated

above are mitigated or overcome.

According to one aspect, the present invention provides a fuel cell power unit for a
vehicle, the fuel cell power unit comprising a unitary housing: containing;

a fuel reservoir for storing fuel;
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According to second aspect; the invention provides a
fuel cell povcr nut for a veh one, the fuel cell power
unit conprising a unitary housing containing: a foo
reservoir for storing fuel; 5at |east one
el ectrochem cal hid cell stack for delivering electi
cal power fromthe fluid fuel; a refhelintr. pO31l in
an outi@ft cstislfcaceremical @ ckidusk fig felivering electrical yamediraf | ow
at h tendi ng between a first inlet port on an outer

@ﬁb?%@é’of the housing and a first outlet port on an
out e reguliih@pet iofin tthe shidws pinly, hoviiee; ealt hode el ement s idn
the at_.l.east.1 § X
e P Yo AR ek f oy BRI, oo on ovter suo S BEAD
wegorudd i itsequtlggett oahsoitheirfige ddbeplontha Ba chbodgicreficniw
RALN; 1 @NGe fuel cell stake. @t | east one of the inlet ports and
outl et ports corul pruses a recessedhandle for hitinu
the power unit. 15 According to third aspect, the

AEqo PER" ?Sa?ﬁt’dléf‘s'"ée“f'%Pfowgf% a fuewelt pover any Emp epiacie.thre

fuefdd@bow@luhit POWRTsindRI thit&O WBKsingicBRaidingni t ary housi ng
contai ning: a fuel reservoir for storing fuel;
at 1 eaStbrRg B &erpditheni cal fuel cell stack for

del it Vaktidng et iRChdni€ArucPoMBFack F H@:ltv’@ﬁng?cggdtmadp(fv&é? krom@he
ﬂuéﬁigeling port in an outer surfice of the housing;
] :

irflow path extending between a first inlet port

O ta @Mchbl @it iB Uk basGu@icelBeQbsifg and a first outl et
port on an &uter_surface of the housing, via cathode

el M’V iPANNENYEE PRUST 2di5e It e erPt OYeraeracepS e housing
andSECQBOkId Pbrebn ROSker O fRR oPUL BSusS Ui ACEh AL ek REDAUSI N Boast

mm%ﬂﬁcéﬁﬁﬁﬁﬁ inlet port also being

a second inlet port on an outer surface of the housing, the second inlet port also being
coupled to the airflow path; and,

at least one of the inlet ports and outlet ports comprises a recessed handle for lifting

the power unit.

According to third aspect, the invention provides a fuel cell power unit for a vehicle, the fuel
cell power unit comprising a unitary housing containing:

a fuel reservoir for storing fuel,

at least one electrochemical fuel cell stack for delivering electrical power from the
fluid fuel;

a refueling port in an outer surface of the housing;

an airflow path extending between a first inlet port on an outer surface of the housing
and a first outlet port on an outer surface of the housing, via cathode elements in the at least
one fuel cell stack;

a second inlet port on an outer surface of the housing, the second inlet port also being

coupled to the airflow path;
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coupled to the airflow path; an electrica
control circuit for interfacing with a power
controller on the vehicle to which the power unit is
to be attached, the control circuit determ ning

al | onabl e operating conditions of the vehicle while

t heunRERICaIWBhto] kFcGGbhREfadifpak et Ppovek BorldBerRA\WRIvehicle to
controller; t he determ ned operatjng

_ 5. and, 2t e J :
whighgheiPeTseHeit ishie PufechsHetherontral @rowt fsMHiEN!ogaRie gperating
cond¥hefR310Q1ciace @has At }p_@@ér v 6 IBRNENMERR] @8 tHeipedtr dofddlier;

according to prevailing conditions. According to

andf oyr t h aspect, the invcm on provides a fuel cell power

Uuni the GRS BRer@indRbiddidns NRUSE BG & A AbMhBRThuRsfetiel

reservoir for storing fuel; 15at |east one_, .
maxgNEE pFSEHEAT-caf MpyEITEdicficat Igrdeceyfing K Rretling gonditions.

el ectrical power fromthe fluid fuel; a refueling port

P an outer surface of the housing; ] an . _
Accgidine)te {puphprpeexihe HAFHE N BEv sk AT F1l Peer WRILEPMPEY RS Ao itary
hou@fle Qat@fingsur face of the housing and a first outlet

port on an outer suttee of W housing, via cathode

el enpltreserRE fastarisadich2oone fuel cell stack; and, a

| at £ HafGnPAERMocHmich] hRV&Y stk fRa8ivefind N Qs from the
Aecordng to fifth aspect.)0 )1 ;ides a fuel cell power

fluigfyek conp sing a unitary housing containing: 25a fue

I el lifg foPin 84 QFtéMGrface of the hé\tsiﬂtg,e ast one
el ectrochem cal fuel cell stack for eelectrical power

f r o HeY priliciopdieg betucop e iR IMIHGOr o OFF A f BF housing
and § W dt 3G€t PbrelbiLar RS lsilhice of the housing, Vi lcadlotif bieMeRatk ihe at least
extendlng!: between a first inlet pert on an outer

one digft pAlcEchfantthe housing 30and a first outlet port on an
OUt LhtcHHE b loh BeuIRUSI g hoird, cat hode el ements in

the at |east one fuel cell stack; and,

According to fifth aspect, the invention provides a fuel cell power unit comprising a unitary
housing containing:

a fuel reservoir for storing fuel;

at least one electrochemical fuel cell stack for delivering electrical power from the
fluid fuel;

a refueling port in an outer surface of the housing;

an airflow path extending between a first inlet port on an outer surface of the housing
and a first outlet port on an outer surface of the housing, via cathode elements in the at least
one fuel cell stack; and,

a set of recessed contacts in a lower surface of the housing,
According to sixth aspect, the invention provides a fuel cell power unit comprising a unitary

housing containing:

a fuel reservoir for storing fuel;

2a
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a set of recessed contacts in a |ower surface of the
:mum According to sixth aspect, the invention
provides a fuel cell power unit conp-g c unitary
housi ng containing: a fuel reservoir for storing ft
at | east one el ectrochem cal fuel cell stack fru

deldy eadt bi@el@tﬁ%&ﬂi&ﬁfue%%facﬁ 100 Ba1tvBengf dldttribaf podlei frém the
.refueling port in an outer surface of the housing;
fluigfyelaj r f1 ow path extending between a first inlet port

on ABrueM8loriSMif age seffact Bembassingg and a First Qutl et

port on an outer surface of the housing, via ca hoge

el ettt @™ Pih exEndite hedust « {6V HE PHRPN EBPYicrstatk O Bhigousing
and @lird @Rt p&H&h Aikdr k@fye Qﬂﬂ@ﬁou@ﬁﬂl&,'v@i Gath®EE AEMENGn kIR at least

seventh aspect, the invention provides a Fuel cel

one heshesl! stagktanfor a vehicle, the fuel cell power unit

COMpIehsploh@adilRl Sy oliRUSI Ng cont ai ning: 15a fue
reservoir for storing fuel; at | east one

el ectrochem cal fuel cell stack for delivering

AccB1d@@lis balth RYWEA! thé 9Bt Brdvides druMedell pawkiit@brd anghiplef the
in an outer surface of the housing; an

fuclgel pOGR PRI RER G AP IRTY BRtiR8SAMAMPRY st inlet port on
an putietsesMlrfraGeraf filehe housing 20and a first outlet
port on an outer surthce of the housin vi a cat hode

ol cirsAtont sleatehcatcal BusbeeliGhek o drlveang Slstriafipovigh fom the
flui@fegl ectrically powered vehicle conprisnmg a recess for
renmovably receiving a said fuel cell power unit,
25Ab€6?@ﬂﬂ@“ﬂ6mé@ﬁﬂFHd%§ﬁ§€FPOWW$=invention provi des a
f ueln &bl pRAWRIn MR Betf @h adird @DEtGbe on b Butbru@Ha@@F the housing
power unit conprising a unitary housing containing:
and a first outlet port on an outer surface of the housing, via cathode elements 1n the at least
one fuel cell stack; and,
an electrically powered vehicle comprising a recess for removably receiving said fuel

cell power unit.

According to eighth aspect, the invention provides a fuel cell power unit for a vehicle, the
fuel cell power unit comprising a unitary housing containing:

a fuel reservoir for storing fuel;

at least one electrochemical fuel cell stack for delivering electrical power from the
fluid fuel;

a refueling port in an outer surface of the housing;

an airflow path extending between a first inlet port on an outer surface of the housing
and a first outlet port on an outer surface of the housing, via cathode elements in the at least
one fuel cell stack; and

a second inlet port on an outer surface of the housing, the second inlet port also being
coupled to the airflow path;

an electrical control circuit for interfacing with a power controller on the vehicle to
which the power unit is to be attached, the control circuit determining allowable operating
conditions of the vehicle while the power unit is coupled thereto, via the power controller;

an electrically powered vehicle comprising a recess for removably receiving said fuel

cell power unit; and,

2b



a tnei reservoir for storing Fuel; at | east
one clectrochemc, al fuel cell stack for delivering
el ectrical power Fromthe fluid fuel; a refueling port
in an outer surface of the housing; an
airflow path extendi ng between a First inlet port on
an outer surface of the housing and a first outlet
port on an outer surface of the housing, via cathode
elements in the at |east one fuel cell stack; and
a second Mra port on an outer sudace of the housing,
the second inlet port also being 35coupled to the
airfIOM/path; an electrical control circuit

: Cm ' Medid:veliielg ingludinga powwtoniedisr faolinteafacion withan vletiiiedl eontrol
t erwﬂ{ .‘B‘Phetf{]@l PP er Hﬁ‘.'t tthe ﬂo%ve]: nﬁﬁueg%gé&h@% de{t@ﬁlne operating
control circuit determining a oper ati ng
conulditirensthefchitiebasehocd wwabli limits Raerpowd by @‘meﬂectr@al control circuit
CQ“quaﬂggféﬁ%P“my'a t he power controller; an
el ectric power ed vehicle conprising a recess for
renovably receiving said fueI 40cel | power unit; and,
sai d vehlcle i.ncludin 0
i nt eFFREIRG Wt REER" & Eé”? O "Eat OWEbon 5“91[’%@"5#%:4&7%5 el
fueMmEﬁ&km&omﬂma@ﬁn@mnm@dﬂwmwﬁnvM@MHroIIer operative
10 determn erat
e e
c ontar ofe vt b gdice, sxfchtah:ebl'k@ ehd g#be fpm%lﬂ Clﬁ'ﬁ@iﬂde applications;

i ba% &ur%fﬂ Eh§&p§ PLEILN eréﬂé&fv@kde@rbf%é fueNQW R&ver unit of
descrlbe y way of exanpi-e ‘and with reference to the
accﬁﬂpahvﬁb@@ﬂp%M#Hg§“W@Xé@f%%ﬂmﬂnadﬁmﬁlgure 1 shows a

schemat iy g?ngesr SRECL Ve Ml W Gecie fuldel ofaBd Fuepeefovkninit of
sui t abl use with a vehicleg, 3 a bi ke, and

SU|ﬁ@5¢bwﬂb$*ﬁB%U¥WF“HWF¥9%%W%V@m§%ﬂf ations;
Fi gure 2is5hohods S%E&Hﬂﬁd: §er§ﬁd€tﬁ'[°) ekt dfehd/]lc&mlseoﬁdd bfahe fuel

fuel cell, power unit [ ally

cut CAVRYETEBT Pt L Tl Sé‘Icﬁ e ﬁwayf‘—’ re"lf?lem %m%%%hh 13

a schenmatgus jpﬁbﬁspe sdhbMsricieapectfe \tldfveoiﬁbe hndeslde of thedwe rcell
gure 1 g% fldes partially cut away to revea

|nt@Tﬁ%Pm€ Figure 4 shows a schematic
per spectFigue 6 sbpewa ofhetohiéc ridovervsef B el ol roker fiepf fgarq !

V"Euuyun'aﬁed‘{nh[n' q}q&g bllLWI th, sides partially eta: away

erna eraH
Figure 7 shows a schematic side view of the fuel cell power unit of figure 1 in

a partially ejected position within a motor bike;

Figure 8 shows a schematic side view of the fuel cell power unit of figure 1 in
3 fully ejected position on a motor bike ready for removal;

Figure 9 shows a schematic side view of the fuel cell power unit of figure 1 n
a fully ejected and partially removed position on a motor bike; and

Figure 10 shows a schematic side view of the fuel cell power unit of figure-1
fully removed from the motor bike.

With refereﬁcc to figure 1, there is shown a preferred compact style of fuel cell‘ power
wnit 10 for use in a vehicle. The power unit 10 is particularly adapted to be removable

from the vehicle so that it can be used as an alternative power source for other

2c



10

20

25

30

Figure 5 shows a schematic. perspective view of the
undersi de of the fuel cell power unit of figure 1;
Figure 6 shows a schematic side i3.3.3the fuel cell
power- rain of figure 1 hilly installed within a notor

bi ke; Figure 7 shows a schematic side -view of
the Mel cell power imt of figure 1 in a partially
ej ected position within a notor hike; Figure g

shows a schematic side - VI ew of the fuel cell sower

it lreBagt ri PumpalcSpROHRE BR8) BIERLED dfmest
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sgﬁu%%&gﬁt‘iﬁ%ﬁ?e%ﬁ&ﬂ@ Fenftie. f $h8dppaR!d diRemBsd }Iswre& uh@ 10G6:

use-in ol e, The power unlt 10 is calarly
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f th
B P P o Pl PR, 2 T et ons may
i ncl ude pr OVI di ng donestic povver for neat - A or
t i g s
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I n nore than one -vehicle, W%]ﬁlngadl harg&i
ipoling edgn rpsnela)lcr Brludes %rqcysse%iﬂ@&j% I e

%cl}? S ISTAL kit 118/ 43 HAR&S atrQ&s&H%lmSHI'Qﬁjal@@ 8- P8 Gs a

eri od ass ted wth attery- povvere electric
seetridcdieilet mt THbe woverfaemiid de insludessrepespad kaprter 13 which

I

or Coptr UM eas
ﬁuﬂlﬂdtﬁiﬂ dichuelagyprt 1A. (e teasot dtspomlmgnf aﬁ: inlef amdlouﬂdsposts my be

s 11 a, Jih, trailin a

corfipto SR st P aner of Aot (e | shil pays mey
swt is%&l%sieﬁ lmx{cme llruaftolﬁ sefackilgy rpeeféh)tblyﬂﬂle ineladdsiangfuelling
edge pane ie includes a. recesse andl e .1
Sr 46 FR CAYY C9F FAEN e RATYE Fds &5@63 8%%%‘&95 "@t?aét 1
Ranebd forh éreakisBlel Nl udes a recessed handle 14 al so
serving as a second air inlet port. The top surface

lid also includes a recessed handle 13 which may al so

ViBfeftRiodto i3hiel Qrafﬂ Iy tﬂe%ﬁfnapélf thponER€ of Bk ] REIC @R unit |

bot S| de anes i nclude an air outl et port
1G5 cormprise @mtof dined 5ol |Stai:henZQaf21Mﬂd 3 febsupalygressnyipg2. In the
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BB 867Dty R B b o S S R o Bl o
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etc.), or conventional hydrogen fuel proton exchange membrane cells in combination

with a suitable fuel processor (not shown) for generating the hydrogen for delivery
, _
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preferred anangenent, the fuel supply reservoir 22 is

a cylinder for storing conpressed gaseous hydrogen. In
ot her enbodi nents, Indirect hydrogen source fuel types
may be used such as nethanol, ethanol and sodi um
boroloydride contai ned wthin suitable restavoirs.
}/\thﬁrre%%g&lgee %I:i‘eg'vecﬁrt 2% ggrﬁ%&&d tS chg ellmtrgﬂu#ﬁg %a a}x Iag%ropnate
f wethduited0l md fvalve ugdennBt.h Fedl Xt dtelrfvexedi m éacb of ﬂne Ifuﬁil eeldi staglest 20,

hanol . cells
o diriendrseatt secredf £ Y GR e s T B I b
f yed repulatop3y.exchange nmenbrane cells in conblnatlon
mﬁth e suitable Mel processor (not shown) for
‘generating the hydrogen for delivery thereto. The
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PRSI0 DA N o il Reblll Se ol el
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r.ovi des . .a I nfl ow ath t.endi
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e tes filters 35, 36. Depending upon
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| grovifingforcadar ¢gokae mdgmd@nfsﬁylpply to the figg) eqlls viadhe airflow path.
enbodi ments, to be described later, the fuel cel
power unit 10 is .positioned within a vehicle such

t Ahe baserofidedpovist ivgH hopsinghl inplidps fe clgstsiral togntrel ciguit 23 for
P ool Glefith 8t o TAT UM IG: SHLARHE SR Soliler

umltheh{duslﬂ irgwitigh thapbwetawitd N istb deinstatlad. control circuit

23 for controlling the operation of the fuel cells and

for interfacing wwth a power controller on the vehicle

i Withhefetentehie figawest thebade 11001 the powdremit hewsirgl lddncl@des \Airtdess

ot Gy R ek 51RE <8BBG Y seplind HEp R atr i e
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10 to the vehicle in whic i%ﬂés to,, |nst Il ed.
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current for notive power, 30 and separate contro
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WhdtleddCthb! REEESEROH) bh@th FAd Blinsd kRaAhSL ﬂ?ﬁxegs on the power
alternatively, or in addition, be transmtted betweén

t PREIASISVRSTDY WARE ammdensadent wiRPwIliakusi ng modul at i on

signals on the power contacts, or by using an

i ndependent w rel ess |ink.
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The base 1.1f of the power unit housing 11 al so

i ncludes a latching point 52 which is adapted to
couple with a suitable retaining and ejector nechani sm
on the vehicle in which it is to he installed, to be
described in nore detail hereirain Figure 6 shows a
schematic side view of the fuel eell power unit 10
hilly installed within a bike 60, accoreFing to a
preferred enbodi nent, The power unit 10 is positioned
within a recess 63 | ocated between tb handl ebar
position 61 and the saddle position 62. In the fully

St dlld lege pIsiftihaofovad uhit gosigh,l dldo intlhdeshelatohihg doithzd which is

th Q.air inlet port 14 js.posinhmated at a leadjng,. . .
e 5768 T o S oo e B RSP FetRR S gdte Vebicle in
t hehigh B iPY b A&tk 8o baidsérn@d SfmoRsEtz81 1RebidYef Or war d
notion of the vehicle 60. Second air inlet 12 is
positioned at a tailing edge of the power unit 10

Wi ol L . ¢ )
app oo deoRs JOcANEi L, {lbl SF IR LOUA! v qpittg fully ingtalled
f awithinge Bike G5 aFtredmeftael piefryreg oronbotibuend. | Freetpwarenit 10 is
accessi bl e.h irtue of | t t e

rESBEhE SR kST o] teRReoHOHE 1B i BF end the
f uelidle ebditiorag2. bla the fillyliesthiled phsitipdoDfi@me 6yit eilhes ndtetethat the

ei t.her .in si U in.the, veh when renmpve

] jcle 6 0 from .
it Slsrel4 s ng Solepaie s B B poiel GRGRY 1006V ai
pl étdont rmel%o }Myith“dﬁb_ ike Eqﬁ&ngtfg!? abxirged 19f fow@rdrmﬁa% Sf &2 vehitge 60.
support platformis_ hinged at_ pivot point an )
e of otk Isoettigpaion 2 JBIHE WEC 1Y tapoEr U_a#qga‘gbwh may
POXES BleShir ikecBh Hialds HOBy BppRohrite G @ing TR GRARHS 8 silBEof the
power unit 10 is engaged wi'th the support platform by
w&?ﬂwﬂﬁﬂhe latcHrtg point 52 which is coupled to a
|atch 68 in the support platform65. Figure 7 shows a
correspondi ng schematic side view of the fuel cel
poWer refmalling portd4ns insthédiately ecdessiblé by virtueenfliis kep BOuntddposition

this.pmfinny ejected position, -4+he ga ower ed, strut . .
638 P e AT ABORs B0 G B P 8T b fetha win
r Oltiyeitcezen ayp prhex ifishtetthyr i Situ 20 ti30valege &0 o vbakwnssed from the
abo;& ivot point 66 and the fuel cell power unit has

co aﬁentially partially enmerged fromthe recess 63,

The power unit 10 is still latched to The support
platform65 at tins stage. _ Figure 8 _sho

h
c ot HeaRANSH HRih U sestrettott Fuppert Blatigima o il Emps fhg|bagsep the recess
POFT Thi *L{Pf’a@ plakfotr iﬂﬁﬁ&{dﬁ% pg%@ Bl %6@(1115 Gndfablé ﬁb(iHSB e pivot

cted position, as powered strut 67

fully eje \ ]
f UPQISE @xb}éwa% @ pap ippyereh strafuph et formst fnotipai@3neddanigm. The

u i1h i [ [ :

w B B2 1D 15 oo PG o ot EHABLERY Ay f L LURER potnt 52
powhich reoepiedio alhigh b8 kethéQippatt plabfosmoa) | y e ect ed
position, the latch 68 may be decoupled fromthe

| at ching point 52 on the power ;mt 10 (see figure 9

whiigire Shemes tah@rdesdontiing ectetiptie djdesdew hdtthd fie] gedpswer unit 10
uni t.can.b a ckwards_al ong.the support platfoim
oD &t Bttt Lo u sy e tot BRRHonelyS b Poverea

ef fuee 6P HastiRdabd snppsit plaifRLCONRShAICE BESIoRkE £8@RirhdtdyNe — 20

), or r referably the, decoupljng may. occur )
alfe8rrst {Lg%qwseléb%eﬁ“’f’h PO ppdr g“dpltg?f@le}n PlappEY {(AE bas
f Woh¥eqBéRiell e GaR@fy tehidfhed Fifn ROMVRIcestNES. The ¥vePQmit 10 is still
conveni ently drawn back fromthe ejected position of
f i lgigheel 1 thegupprst Waifarm3 4 thissieseed position of figure 9
using the trailing edge handle 12. At this point, dr
| eadi ng edge handl e 14 al so becones accessible, and
the power unit 10 may be lifted off the bike in its
entirety. It will be noted that the sliding action of
the power unit 10 fromthe fully ejected position of
figure 8 and the partially renoved position of figure
9 also results in the decoupling of the electrica
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adapted to provide for quick and easy 'connect and
release fromthe v An inportant aspect of the
preferred power units 10 as described herein is their
ability to interface with a plurality of different
vehicle types, and the ability to act as independent
power sources for other than transportation. For

examl e, the power . uni,ts 10. . be .r.e f
GERF 81 B0 L 5pBOPaR B RS ST 06 L o BT b 10
ﬁ%gjf@j%ﬁfhdgfr&h ek t_ﬁié@ 'gm.y_xu ’t‘#ﬂéﬁlﬂ’ detpdipogtion, Theesap oweeredistiut §7
10 may be proyj ded wt ar at ower_outl.ets of.. . .
Aitiberumied it MR o6 Pt DR et Bn o FbHSt B fhigh i
Qlbstantiall P blididd wEHCK Qlé)p(n@ GAiB&) fjacemith hhe Sddielpbeitien 62 of the
converter integrated therewth nﬁ% bemﬁr V|%§qi£blcg
bike €l this BT cecis BFRAP. B é%ﬂae PG Aecopled from. the
1%.* Bk %Ei@@%g GOME BEWS: nit 1DqsLMELHE® vilat sHole tHRAMEK desBiniled)
§"Can be used In plural vehicle types and in plu%%umd

s Thrtethe powernit epprendrewn brekoverls | along| the SgRart Rlakore
hﬁgﬁéﬂj ngJ g%.m;lﬁéc@%ﬁlﬁ'%eﬁﬁolﬁfcﬁ) Y$H e bRGkddl Fahual§ s’ ®lbecomes
CET Ccui i ch i

Interfacéd with_a. power )
sooessibly| (besrfigure. 8) promoreieistably T depauiling mpp oo etomateally

| o : iACt i OF i ated -
REHB et Gl r R AR PR OTa 1o cuch as

ensuring an appropriate fuel / oxidant rati o,

idificati th |
PR Rah e PSR 4R0G G0k 1REE o S5 HORI of
depeptent parfidly relevédppitioatlligrahusing the traidipg edgeihagdle 12.

it f..the fi.el [l.. Ho ' :
RIS SRR MET e -t
cORhLY 0 ILRH oBfthd bike ueilni tirty t sel f tc, determine

operaithig conditirons of the vehicle itself, to ensure
opti mum operating conditions of |he fuel cells. For

XA GrotedNes BPehdh Agiocdndake Sdvak tunttpl OCCHAEithd ailly, sjected
fuel cells remaht a period of war.m up to ﬁgiureI%gat

poseion 0f fewreferdiae BROBSH EROYRIROSTIER OF B8 Pt RAFPER e
80 R thel ObiSricd RBnRAYRIT 0B [rp%éreﬁni@flo tehen vekdspdriling

I's I'nstracted, by the electrical control circuit 23,
dfectxi@wmﬁsﬁ@mﬁg@ﬂcw@ah@wame@ﬁwé Rath thesropert Blpifermetf-
under the prevailing operating conditions of the fuel
cell. In a preferred enbodi ment, the vehicle will he
Pigonei 16 elebwal thehbikin 6@Gwich Hiedfis) cell paveer Pial0 Sligpepoveduch as

a conventional |ead-acid battery, which can sena to
provi de peak demand for periods when the fuel 2% cell
itswitl bapodeastoddythatrirbile reteinpigaud ciectoutiacliaivema dnaydegprovided

N

ofler-o e e of the

‘peniess, @pablabtkacs 6omay bepbeadedtal bevpmhpowarinits tbmprecre the

the prevaili oper atin ondi ti.ons t.he_ t hel :
Bt Rt o L Five Ob T I BFTeE et R Ebe s
pAARRLly QRpel 10eRdd Ratquitksindbesylcamect aoinrdlésse from the
auxiliary supply (or limt the vehicle demand if an 30
3eh8'%i ary supply is not available or exceeded.

An important aspect of the preferred power units 10 as described herein is their ability
to interface with a plurality of different vehicle types, and the ability to act as -

independent power sources for other than tramsportation. For example, the power

6
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supply in order to ensure that it stays within
allowable imts for the fuel cell power Thus, in a
general aspect, the electrical control circuit 23 in
the power unit 10 provides to the vehicle an

i ndi cation of the maxi mum power that is it

gt ant aneously or sem -hastants. neously avail able from
the fuel cell at any given tinme, i.e the prevailing
alshigyahg be b &eddfond fierahickrio pidveepoevalok ba.‘rgphlg activities or

al.lowable limts v on. a, c tlnuous b en

o BRSO G Alestiony Wheet peirey, O BT I G TR S LA
Ofieafh@: ftek Sutletd bf) ditfBentovdlEdad inddrtionsecti o yipa @ncﬁlsbown), or a
flows available, (iii) the historic deman %i &% % b
aiipiling soekise @@aw. mthga r\’@&ﬁﬁer SRR PR RgEvity iy, be
FBfovﬁi’éé‘WBlcﬁ is do&p%@ﬁ]@fgrlﬂ)ﬁ{rm&@ Eﬁg‘é.chént i8th desdideaiaBedn@cts 51.
carry out routave purges of and oxi dant gases to

maintain the cells in peak condition, predicated by

Cp? hga 6elds vé {Msgﬁﬁc ey ag%mex@&yﬁea and in plurel

I n and out s ected stacks in
f |dif€arem emurcm;mnte,rrtlmoﬁmh atll pewerp ouiEs m@hm:lmt mn@OProcessor-based

easEReR o G CrE RS s Sy s B KR h e vetice

ofxes1at Thveelbaxidabedvdrod eiraniy? 3apbrfohma manp cﬁmnomqgmc;ateﬂf with the

the vehicle (e. atte or_any. ot her, 2 At
clPErBF DR o i FBf 16y 85 MAGIRPE B dpEP R AE Log f gpidan
t hgioy eliintdicaionver tie pyad dng daﬂﬁ)aetptm whee peaeas appropriate
allowable limt of operatjon of the fuel cell g&ﬁwer i
Jéoperatmg

uAFtationsonr Ftesh &lFaip &%p%?&e@r UROKethe JERPSFAE A

vV ebh G fis PRYheI8el BT RvRCGOTEI MGirfcal dPRARY] @bdulraMtihiéRicts with
design paraneters However, it will be noted that the

c det pewdrycopisallst o8 ﬂmgerhiql@ Atselipite Hetgigae RFEiREgcoqdjtions of the
f 59% Q.‘%ttdq«?]sﬁh Ipmahﬂd"&ﬁﬁlti%ﬂ Or hOaGLkS.
aav an us e us e

O maintain a stream of warner
air prOX|naI to the rider. In 250ther vehicle types,

t cel.l exhaust :
it PRI i SRR bl chd G B Bt 0 Ll SHRE of
Wiwalﬁmnu;t hﬁemmp&labfelebﬁ@ieachbomrpamympegy cysiatsl, beiraifnd power
fuel cell, power unjt,. for v e,
o o T Ui EVE B ARt NP y° AT Rg o) the dlestical
C QBhtdl Rirb @t 28 of BRkini@s 95wai dr ai:éHlerStidJ‘nrﬂhﬂmibid alldwadd under the
| east one electrochenlcal ft ﬁﬁ st ac

for .
dFFRALIRE (RPCiBRE CPRCEIDS pHWEF Fi Rf?f?ﬂﬁi grbogiment, the
r ebbiRlel AE HaQUrbviddd Rith ‘B.Htaﬁfuhﬁﬁ’r él@cﬁﬁ’ca@fsuﬁﬂl'ﬁ Jaei 8¢ BQonventional

lead-acid battery, which can serve to provide peak demand for periods when the fuel

cell is temporartily unable to service such demand, e.g. during acceleration. The
electrical control circuit 23 instructs the power controller of the vehicle of the power
available from the fuel cell power unit 10 under the prevailing operating conditions of
the fuel cells, so that the vehicle power controller can determine a proportion of power
that must be drawn from its auxiliary supply (or limit the vehicle demand if an

auxiliary supply is not available or exceeded.

Similarly, for transient high power loads, such as brief acceleration, the vehicle power

controller is able to determine what extra power must be drawn from its auxiliary

7
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an airflow path extending between a first inlet port
on an outer surface of the housing and a first outlet
port on an outer surface of the housing, via cathode
elements in 10the at | east one fuel cell stack;
a second inlet port on an outer surface of the

housi ng, the second i nl et 0..bei

TURRIY 47 PRICD HSHTR ERah fftays within %‘P Ao Uit {2 H{’L?éﬁ ‘1Q”°%
RRLts and outlet ports conprises a recessed handl e for
hfiir the power unit. 15 2. The fuel cell power unit of
claiml in which a first inlet port on a | eadi ng edge
Bihus! a%ﬂ&ﬁl ééBéctt R el :t$RL efrdol rclil@.ﬁt eriﬁ thd pawer unit 10

trailing e ‘the power unit co e the recess
pravidses v & HIAFAEEH P! 3o ST U EO V6T Bl SRR o

Xé@sﬁ%t&ﬂﬁeguw avﬁlaﬂl@rﬂsoﬁ ﬁxefﬁxetl ka'éﬂ £Gny &v@ﬁtﬂﬂ@,ﬁ&i tlﬁ:l{;ﬁ'é\&nﬁg

ower “uni t el | power unit

sliiable énmtsrvé oparationc eTlre mewérngmlipwa% Hpits §?Iarg°naa &frﬁ“P‘é?“;?
z%syssae@gr%%gﬁ Fhﬁgbcr & EadRlrs, Er@c'ﬁ%ﬁ ﬁ?ih& tefnﬁ:fera%ﬁr@ 'bf ﬂr@ ckiuelii)

S T e Foel st ack
the loixidenti and/ortoeling aic dlowp evaslabler @ih thhhls‘mlﬁr rd%P’-\M]e F'nd gv) any

fuelin ort in r t u
PR PR e QUL UL B B it
aﬁlr@blé &:rcaa-sn bﬁtarommfputgee oﬁﬁlehmd%rdgntams do foaindain igtopldy in
an outer s ce of. t n
E? rﬁé’ﬁ fon, rprfc{-\‘i?tegt Yé egﬁgeone e R;HJ% q%‘,ou\gc R0 UE be
e ed OR dwittitin pad butasleatad gatein asﬁwlf cali gysfm ghthat net power

ORBa PP G AHaoat BYCEt TPt T SRET GO cur 1 for

interfacing with a power controller on the vehicle to

The vehicle power controller may also be operative to recharge any auxiliary power
supply of the vehicle (e.g. lead-acid battery or any other electrochemical battery type)
when it determines that the vehicle power demand is less than the present allowable

limit of operation of the fuel cell pawer unit.

The positioning of the fuel cell within the vehicle may be varied according to many
alternative design parameters. However, it will be noted that the centrally mounted
position, with side venting air flows, on the bike 60 of figures 6 to 10 can
advantageously be used to maintain a stream of warmer air proximal to the rider. In

other vehicle types, the fuel cell exhaust air stream may be used for space heating

purposes.

Other embodiments are intentionally within the scope of the accompanying claims.
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whi ch the power unit is to be attached, the contro

circuit determ ning all owabl e operating

conditions of the vehicle while the power unit is

coupl ed thereto, via the power controller; 10and, the

determ ned operating conditions include one or nore of

maxi mum speed, urn accel ey and maxi mum

el ectrical |oad according to prevailing conditions. 5.

A fuel cell power unit conprising a unitary housing

c o bt ai niAnfyel @llfpoeler uais éoneovahidlgrthesfuel ¢abigoofes lupit comprising a

| east one el ectrochem cal fuel cell stack for

“n“%EﬁWQ¥ﬂgﬂ§“%P%¥trlcal power fromthe fluid fuel; a

ref 1&&£ntHBrﬁ8n§QﬁR¥ter surface of the hou5|ng, an
ai rfl ow path extending between a first inlet port on

anatless pns deftasdenical il pdhgadi fog delficriag felecyicabpawestirom the
defrq rt on an outer surface of the housing, via cathode
nts in the at | east one fuel cell stack; and, a

| af GELBh PRI @buderlsaMBde SlUhé BeiR the housing. 6. A
fuel cell power unit conprising unitary housin

conn airfpwigatheextending keswespol first BiletPpB g quigs|surtace of the
hous[u%gtﬂ}gjl Sérsg?lg%et% l S LE opg)\?l/eerr %?rlrfaéeﬁ?lthe lﬁdsm t ?i% iﬁrufhgﬁe elements in

thedwéabtedﬂerfuelp@ntstdcla an outer surface of the housing; an
airflow path ext endi ng between a first edlnl et (E)ort on
B

anaceta 18lgh parben 81 OYRESIHRG asthsgoasine.dhs secend Bigtnort also
bﬁﬂ%?éﬁ%%?gﬁ@ﬁgﬁhg&xﬁﬂiBR&G of the housing, via cathode

at least one of the inlet ports and outlet ports comprises a recessed handle for lifting

the power unit.

2. The fuel cell power unit of claim 1 in which a first inlet port on a leading edge of
the power unit and a second inlet port on a trailing edge of the power unit comprise the

recessed handles.

8 The fuel cell power unit of claim 2 in which the refueling port is situated in an

upper surface of the power unit.

4. A fuel cell power unit for a vehicle, the fuel cell power unit comprising a unitary
housing containing:

a fuel reservoir for storing fuel;

at least one electrochemical fuel cell stack for delivering electrical power from the
fluid fuel;

a refueling port in an outer surface of the housing;

an airflow path extending between a first inlet port on an outer surface of the
housing and a first outlet pott on an outer surface of the housing, via cathode elements in

the at least one fuel cell stack;
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the at | east one fuel cell stack; and, a set of
recessed contacts in a |l ower surface of the housing.

7' A fuel cell power unit conprising a unitary housing
cont ai ni ng; 35a fuel reservoir for storing fuel;

at alseasid ioleepek on tin ooeesiréaat of thelhoashg, thé seeknd milet port also

.delivering electrical power fromthe fluid fuel; Sa
being copple F‘bg’ﬁé‘}r OWPaK  outer surface of the housing:

an pRieldcirM Rl BXEENEE NerPRINEE T & t)@v&séonittxﬂh@ntorptﬁé Vehicle to
on an outer surface of the housing gnd a -first outlet
whigotht powenwmnitistte be gtiachad,ehofontivg cinauisdatgmining aldewhdel eperating

.ene in.the.at | east one.fuel | stack: and, at
cond ST e i vl ity $3 it SpIciGheelk, P e EBf4r Shirolter
andpower unit. for a vehicle, the fuel cell power unit

conprising a unitary housing containing: a. fuel
r edeer detgrmineskoperasingiegnditiens include one or morgtof Imexémumpeed,

L A I T—

port in an outer surface of the housing; an
airflow path extending between a first inlet port on
5. anAolvebeelppvres dpit GpmpHENg 8 Wi tay hamsing contpigings ut | et

p?%%&@e&?vo@tﬁg‘?@toﬁﬂ%ff@&;e of the housing, via cathode

elements iIn e at Teast one fuel cell stack; and,
20anleadt @t electnddhenpenvired dell sthékcfoe d eloveping slectical peoeSsom the
Ji%r renmovably receiving said fuel cell power unit
fluid fuel,
a refueling port in an outer surface of the housing;
an airflow path extending between a first inlet port on an outer surface of the
housing and a first outlet port on an outer surface of the housing, via cathode elements in

the at least one fuel cell stack; and,

a latching point on a lower surface of the housing.

6. A fuel cell power unit comprising a unitary housing containing;:

a fuel reservoir for storing fuel;

at least one electrochemical fuel cell stack for delivering electrical power from the
fluid fuel,

a refueling port in an outer surface of the housing;

an airflow path extending between a first inlet port on an outer surface of the
housing and a first outlet port on an outer surface of the housing, via cathode elements in
the at least one fuel cell stack; and,

a set of recessed contacts in a lower surface of the housing.

7. A fuel cell power unit comprising a unitary housing containing:
a fuel reservoir for storing fuel;
at least one electrochemical fuel cell stack for delivering electrical power from the
fluid fuel;
10
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9, The fuel cell power unit for a vehicle of claim8 in
whi ch the recess includes a. |atchable ejector

mechani smfor lifting the power unit out of th.e
recess. 25 10. The fuel cell power unit for a vehicle
of claim9 in which t Igqlatch bIe ej ector nmechani sm

cohfrdivg peridp aparter prkace oF M e power unit, the

Pl &t Lipidw gﬂ%leﬂfyﬂﬁ GhodRrviiE AR B et H&Q BaRh Mt Qirface of the
engagl ng ch| ng poi nt on | ower surface of

houstnigeand aussineptief parhen powater sivface of the h.Dl!SlngT haa fatbpdecad¢tnents in
f ) icle of claim8 in which the
the af%&%é’ge!%ﬁélcﬁ]gé@al% H’east one air duct providing a

copdist ohOfudiidry bbRw bt the front of the vehicle to
the recess, the air duct positioned for alignrn.ent

wWth the |nI et port on an outer surface of the housing

f .t f
5. veitrgeRe el Bt flavehfisfhe BBl oeTilonst PAF ko HBtiling Ripfory
housl}%l.b’i)lnﬂﬁnﬁgnt aining: a fuel reservoir for storing
at |east one electrochemcal file! cell

st&@l@lf@m@mfpvﬁpﬂ%ﬁ@l,ect rical power fromthe .fluid

f ugt leahs?’ong gnlg(gt;‘dr ??mpc%f ﬁ.} Lgelﬁ%ie(%zifo? Eielé"éfl mggﬁ:cgfc f}?ﬁver from the

ﬂuldlfaélet port on an outer surface of the 10housing and a
first outlet port on an out eéﬁ urface of the housing,

VI arefiel Ht&i@rbllné‘ﬁé)f%eés}l PIHE one fuel cell
K&l athhext 6RO d Rlseinld %6{1 AAnutLYhGhce of the
u i ng, t

SU!‘ ace O , e secon i nl et port al so
houshrgj and cduspbttt port bhen autet baviaqgeaif the laisiigedn chibafle elements in

ntrol circ r interfacing with a power
theaé&%tr%!elfl%? 1c§ Sfaﬁg 4ghicle to 15which the power unit is

fnli) BleBt{c RN Werk i §clG MR CORIpriSink Gl éess &Ir@EMbVbIgreceiving said

owabl e operati ng
fuel cell power unit.

9. The fuel cell power unit for a vehicle of claim 8 in which the recess includes a

latchable ejector mechanism for lifting the power unit out of the recess.

10.  The fuel cell power unit for a vehicle of claim 9 in which the latchable ejector
mechanism comprises a support platform for the power unit, the platform including an
engagement mechanism for engaging with a latching point on a lower surface of the

housing of the power unit.

11.  The fuel cell power unit for a vehicle of claim 8 in which the recess includes at
least one air duct providing a conduit for air flow from the front of the vehicle to the
recess, the air duct positioned for alignment with the inlet port on an outer surface of the

housing of the power unit.

12. A fuel cell power unit for a vehicle, the fuel cell power unit comprising a unitary
housing containing:

11
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conditions of the vehicle while the power unit is
coupl ed thereto, via the power controller; an
el ectrically powered vehicle conprising a i ecess for
renovably receiving said fuel cell power unit; and,
saiacfuvl&bsieﬁrcﬂrfdmtdnﬂgrfgela power controller acing with

an e|lectric control 20 circ |nthef

poﬂéi‘ea thine e?etCH lfeﬂg REH 6tla1l3i%1%° r gplYetE %r&afpower from the
fluidiflefr M ne operating conditions of the vehicle based.

on allowable linits deterinined by the electrica

contrelvkling petiirt arpdutehrfacedf thehduspagver uni t .

an airflow path extending between a first inlet port on an outer surface of the
housing and a first outlet port on an outer surface of the housing, via cathode elements in
the at least one fuel cell stack; and

a second inlet port on an outer surface of the housing, the second inlet port also
being coupled to the airflow path;

an electrical control circuit for interfacing with a power controller on the vehicle to
which the power unit is to be attached, the control circuit determining allowable operating
conditions of the vehicle while the power unit is coupled thereto, via the power controller;

an electrically powered vehicle comprising a recess for removably receiving said
fuel cell power unit; and,

said vehicle including a power controller for interfacing with an electrical control
circuit in the fuel cell power unit, the power controller operative to determine operating
conditions of the vehicle based on allowable limits determined by the electrical control

circuit of the fuel cell power unit.

12



