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DETACHABLE FUEL CELL POVWER TJNIT FOR VEH CLE

APPLI CATI ONS The present invention relates to fue
cells and in particular to the use of fuel cells in 5
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 electrochem ca

conver sj hydrogen and oxygen _to water and

Cher of HETaPHABLBOEE (A BOKER ahiin PR dlicam | ng
substanti al reduction Awppeidriingn at the point of

use. Furthernore, fuel cells can be operated froma
direct stored supply of hydrogen (e.g. bottled in
CORRE&SS &k ch@ RelateR o flePRIRMNE WhLBEHSHBR! Me OF Fue% cells in
hydrogen, (e.g. froma hydrogen-containing fue rom
wisielst he hydrogen is rel eased by an associ ated fuel
processor). 15 However, there are many associ at ed

probl ens to be overcone in applying fuel cel
t Beterioinorppsinpinguisbinsha wee of fipl cdktas elienativh esecds rof bhae g for

N T N T

~ \elbiredbemicalvhérdversivni dft igidfice aadegygdreto ivatet andthebd¥ere offer

de d | aced on the fuel. cell accordjng to 20 .

IR OBEES 5y PG H BT ETEh Edaon i g iir g terRoiati diwse.
tRarth@eoay, @l 6dlls kel bebpddiel MehiacdiRct gt&e@@up@gcﬁmgrawgsn (e.q.
Ievgb.conparable wi th existing vehicles gomere by

i WAt Al comprsgt darrgnoteiaie e indirgef junphi of Pydsvssy. o from a

fi@log&eddntaitbd Riel BEm dfidema rﬁ?a&g&ﬂ 59b1eS%3 bR a¥Mociated el
vehicle; and (iv) providing the fuel cell power unit

iPEPcgSsplckage that is suited to the vehicle in
guestion. 25 It is an object of the present invention
to provide a versatile solution to providing a fue
dBevigsather: powany assotiated preblanghiocheeoviercowtei io pslyime fosl cell

al a8 : .hdl.cate bove,are.nitigated ar,.
e T L
iswifieieti mrwep papitdesa givéngle el thasp oiérel el duithifle f@ the vehicle,
vehicle, .the fuel cell power unit _ conprisi.n uni tar
s Gt e B8 o P PR b e P op e o
Yariable operating conditions, (ii) reducing the time to recharge or refuel the vehicle
to an acceptable level comparable with existing vehicles powered by internal
combustion engine; (iii) interfacing the fuel cells with the drive and control systems of
the vehicle; and (iv) providing the fuel cell power unit in a package that is suited to

the vehicle in question.

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;



10

25

30

at | east one el ectrochem cal fuel cell stack for
delivering electrical power from the fluid fuel; a
refuelling port in an outer surface of the housing;
and an airflow path extendi ng between a first inlet
port on an outer surface of the 5 housing and a first
outlet port on an outer surface of the housing, via
cat ho | den@ihb electEiehll poseat km
Enbodg%%%fggggﬁémhéﬁ?%gg%?aﬁ%%%ﬁ%lon mnF nom;l%
dedhidfbéd by way of exanple and wth reference to the
acco Ei.gure 1 shows a
cherer P ah Rt ta: LA bR T e i ¢
sui t adal xflofvauethtsending fretavepe hifiet &let Par hma@ ogtepswace gi e

ui t abl of f (8 [

Sutigiat s S iR Eorpn TP RE N SRk, Rt R
ROWB kit 16k dne Ofel cdll gatke 1 MAth sides partially cut amay
to reveal internal detail; Figure 3 shows a schematic
perspective view of the fuel cell power unit of 15
FelnChdiherdts WF 1 pfds el smmmdﬂ willl nowchet desoniapd b wep wé afample and
internal detail; Figure shows .a.schemati c

péthsefaestdee thy P@W@Pﬂ&%df%%? O3WS%e of the fuel cell
POVET gﬂiatz Bbwd 4 GuERatle Iya:stpbotm drs qaarfﬁel abll yowertunitwaieble
to rev i nt er nal

det ai a .schema
pormpot vk i sric. Eiaiier B T e reR SarRaos
POVeTr owa aQidh&nakic p%@spgd‘ugél KRwooShe el acls Qberﬂfatmt of
si de v fuel cell power unjt, of figure 1
flighteyt mﬁnsst@ts pastialisi quhfwasE0 ﬁ?}’le%)lrmtﬁn?(éi‘" tah gure 7 shows a -
?ucgﬁr tg('ir 3359%5 \é' s%}%xﬁ’ fl?s fuel 6ol bt POWRd ceMigowef unit of

ected position within a
nipuer] dmhlmdes Earga&y@@aw%dmsewals%th@ﬁﬁefaéh si de vi ew of

the f Elgu.rﬁ a Sfl}owg O feriil] nUptegsltp cfkt)ﬂvg W clf thi rev%r@e QideWtltie fuel

ej ect n on a e ready f renmoval ;
Fiely W6 veer Onis bfigsreal srct]netri&tpama@v die ayeiie r@f'eai w@em% detade| |

ort 1 B St b §etstiefs plpeli'sVicnt pSLEEhRAA00r e fucl ccl

mot or Figure
1Qwehewsfdgashemati c side VIGM/Of the fuel ceII power

unit of figure 1 ful reaned b
30 W PR &D@fﬁeeﬁde%naﬁ P gifeee o %‘eﬁ@ﬁg’? B r e M 1
PrfS BEkied ARmrRAGbosbikke of fuel cell power

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

apartially gjected position within a motor bike;

Figure § shows a schematic side view of the fuel cell power unit of figure 1 in
a 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 in
afully 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 referehce to figure 1, there is shown a preferred compact style of fuel cell{ power
unit 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
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unit 10 for use in a vehicle. The power unit 10 is
particularly adapted to be renovable fromthe vehicle
so that it can be used as an alternative power source
for other 2 applications. Exanples of such other
appl i cations may include providing donmestic power for
per manent or tenporary accomodati on, enmergency power,
nobil e office power, outdoor lighting or generally
runni ng portabl e appliances such as portable

conputers .etc vabi L t of
e e e e b L
lww&ntabbetrmgnetnha: ﬁm@msmcmfunpd)ama ﬂmrgcstpy pmwansmobﬂe vitee

SR REn aRe iy of sy PR B THER SRS RRE af boftgpte

re8npbitbrds Ngie. t hehedlr&ﬁmw@ﬂ d;fnthre ebwari gt a8 ke ﬂammaoas geddy
chargi ng period associ w@t h batto% X gr
SRAEEE S af dlii RopgE unTh by EWegpng of oy 1gl|1t§,oor use of the

&h&iﬁ& g&W@r%ﬂtYn ﬂ@'ﬁ%ﬁdon‘é Q/eh@fee Mbﬁn@hﬁﬁcﬂa’ﬁ@d‘{:@%ﬁhﬁt L for

Is to be instal f or opt| num ease of use,

veplbnetarged ymaﬁrjreéﬁﬂlmgéh%wég}mrq&d Wit ehmipaten g srqiepepd charging
i.NG , i ng edge panel
b P{é%&%g&lazégﬁtgggﬁﬁjy?o% adl |c{r§% VS%%%E panel 1le (see
figure 4) and Iovver surface I1f (see figure 4). The

trailin e . [ 2o
o 19 SR i bf R B Rral R A S
delge bpamedllet ife ca_jtmmnh redeudiossea vemadsy edd kfiviiney. 14Aain$tery
ervin cond ort.. The surf

ot € B RS DRt L s SRR e 86 R SHEGREF 100,
&g @lge dadclint b@dee éﬂg’urd B} ehd power . s, 116r(sepr Bfwre abl yThe
bot h, side panels I a, 11 |ncI%$e an,air oytl et

Joiliz egee navel ]éﬁalEQluQ‘:ﬁS SgEetedorndle 12ials0i RV a3yt A dplet

%ftt ThEBMAiRE edo\é%‘éﬁe@dl@ﬁl@@ fdivaes 4 Rectliséd enanti4 a@k@%le%ﬁg as a
and some or all of the iniet / outlet ports

20
§ewé agggnletenceis SE 1A Aafass 11 plso fapludes prragsesed ggndle 13 which
2Rk .8 hér%ﬁhbh@le%er@ 688 Hehbi-RBly HMH tsldé@aﬁe@sf 1a, 11b

asy access Unlt i s instal |
\Aactimd;‘lae agroutiiportilf. 'ifbe enaghdisnoditibn ehair indet @@ﬂlﬁleéporww be

PR SR e Y Y Reda i sopld G R e S R ey

fsene ag edckssed Mlﬂgs ZU)‘he 2 amitlcal fdupkfesabppilyo melwdesyoiafuelling

t he arrangepent e _f.ue
Tl P B8 Sy AP PO R abarleld MGl LB pen 15
gasewdSronyitle ogdéile. I n ot her enbodi ments, indirect.
hydrogen source fuel types nmay be used, such as
nmet hanol , et hanol and sodi um bor ohydri de, contai ned

ViR krdferSibe k@ Bh@ed B&RT Y,Ghd Huterd) @bmpmh off i fu€ldell power unit

hydrogen sources are used t he
1% com%nse a pair of Tuel cell stacks 20, 21 anciJ a fuel supply reservoir 22. In the

preferred arrangement, the fuel supply reservoir 22 is a cylinder for storing
comiaressed gaseous hydrogen. In other embodiments, indirect hydrogen source fuel
types may be used, such as methanol, ethanol and sodium borohydride, contained
within suitable reservoirs. Where such indirect hydrogen sources arve used, the fuel
cell stacks 20, 21 may be specially adapted fuel cells for use with such fuels (to
include direct methano! fuel cells, solid oxide fuel qe]ls, direct borohydride fuel cells
etc.), or conventional hydrogen fuel proton exchange membrane cells in combination

with a suitable fuel processor (not shown) for generating the hydrogen for delivery

3
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30 cell stacks 20, 21 may be specially adapted fue

cells for use with such fuels (to include direct

met hanol fuel cells, solid oxide fuel cells, direct
borohydride fuel cells etc.), or conventiona

hydrogen fuel proton exchange nenbrane cells in
conbination wth a suitable fuel processor (not

shibevalo. fThe fgd nee@bi A it dvendeiedrio genefudiinglpdri Webyan Spropriate

theret.o. The fuel reservoir. .1 s connect Q, L

RN PREMDERT ey Lot ol BTt & REEHT bt apts 20
vallveia syisglepiessive dad@dguiagr 2 land ¢k deliveryepipds 30f atchwf prebsure
cell stacks 20, 21 via a high pressure gas regul ator
Bzgﬁﬁ%“?%%lﬂdel i very pipes 33, and | ow pressure gas
regul ator 34. 5 Cool ant and oxidant air is delivered
to_the fuel cell stacks 20, 21 fromthe air inlet, port

i nCoolan auderifanher i geliveredia thegel el sipglss 20,024 drom, e ajrdplpigport
204 12cks @i faRfied NC 19PORFEAHINARE el Ml ©bY21 418 of Rtopdh kathode
at anbient pressure is streanmed over the fuel cell

c atH6e inpihaitadiset pbicniareasurg 43 giropmedk prra e el seil wathpdy plates to

ASgAfk a%&@ﬁo‘é?&atmﬁsgﬁ%g&@ b Oy ARdst Chided 18% afd ﬁgf %%Q%g?l . To

10 this unit provides an air
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POl 1888 QU0 bed M Bl ks 51 21 el Rl G
upoa fiftere 3p£34. oberandieg nequthe permnamfe redyérefeslof dled fusl @Qls 20,
2

f.or ced ntilati.on_nma rovi y .of fans
4021 95 Senl b, oY 1 by R L Y Y 41 il B sow
pl @tesn thstuphedliptadsasd partsdatmiy showi ingfigiee 4. AAiis ekisausted from
exhausted from 15 t he power i.t .10 via.air outlet
oe bt a1 Vit oG PR Aot Su LG R o PR RSB ons or
or hotlDglidy 19b,0@S (dee hido fiddrb5( See al so figure 5). In
preferred enbodi nents, to be described later, the fuel

cell power unit 10 is .positioned within a vehicle

sughpbRabd febo@idn@Dldl 88 dedoribhe 1¢hied iep 38l HoSvet Mmit2fh is
providing forced air cooling and oxidant supply to the
f uessitiensd avithinga tvehicl yueh dhetpErward Thetio 96 tey vehelepasaists in
Unit.: . . _ ci oal . . L1
Sy, B Bl A Oh SR BT
and for interfacing with a power controller on the

Ty e PEERR: bIEnRRMET 1 Bl Seciteb Por YRR for
pome‘rrol_ﬁng therrpestiongofilie fuektalidesd forrintedsdng Bith e gowwar pdntxplier
el eabrl 8ok SOMALS Rk 1901 61G5 e Leahly coupl ing the

power unl

With reference to figure 3, the base 11f of the power unit housing 11 includes a recess
50 containing electrical contacts 51 for electrically coupling the power unit 10 to the
vehicle in which it is to be installed. Preferébly, the electrical contacts 51 comprise
two or more separate power contacts for delivering high current for motive power,
and separate control contacts for delivering control signals. However, it will be
understood that control signals could alternatively, or in addition, be trainsmi‘cted
between the power unit 10 and a vehicle using modulation signals on the power

contacts, or by using an independent wireless link.
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vehicle in which it is to be installed. Preferably,

the electrical contacts 51 conprise two or nore

separate power contacts for delivering high current

for notive power, 30 and separate control contacts for
delivering control signals. However, it wll be
understood that control signals could alternatively,

or in addition, be transmtted between the power unit

10 and a vehicle using nodul ati on signals on the power
contacts, or by using an independent wireless link 4

The base 11f of the power unit housing 11 al so

i ncihadess AL pthetyiongr woi musis | aise indludes adugimgpainy 52 which is
co t ]

onl'ﬁ? ee&\’/\ﬂévhclgg esvéﬂ{h 2 V\#‘ eab]L %@hﬂxgnagd %ge%a? rlllget%fx Smngn FJ% eglmle in
deswdi¢tbied to be nomBed]jat i deschibedeinmadrt detail ﬁexﬁm@;ﬁrﬂre 6 sh ovvs
§1schenat|c side view of ‘the fuel cell power unit 10
fully installed wthin a bike 60, according to a

pr efigire 6Ghend aditimiic sifbeidgRovethe Uil teell Gokwsr BP0 HilRMastalled
within a recess 63 |.ocated between the hand]| ebar

posWﬂ%ﬁ gle SRd 2¢qeating ity &1 melFoet ePbAdisEnt | Fhe meveyupy 10 is

I NSoditibRd WEShtd RBeQf 63 10MHER blwebd M h&nd%aln?cssﬁgmt fBbnd the
the 10 air inlet port 14 is 2 ositioned at a 1eading

edgaddds pasitienfgndr ﬂmﬂlﬂy Bl itiga f Figpre GgitrveiBthe dloted that the
h t [ , r

16 ok D s ol LR B SISt MR ocives o
pogitestehsdrett biathertdkd fainigs 6digassisitd birdonyewdmotion of the vehicle 60.
whi 0 t b
appsﬁég Fgfr«‘i?%rt Jgfel(‘rj 12 t:!‘ﬁé!&m%% ﬁtdé &%glé(? ggéesélé\.@ééag %vert Wt 10 which may
f aiatsorigv6dir didscédh eowaetﬂma bl iappropostt dhbtingin theeidieatrelides of the
aczgssigée by virtue of its top nmounted position on

“unit installed in the recess 63. Thus, the

15 uel ceI | may be refilled with hydrogen or other fuel

eit .Situ in the vehjcle 6% or when_ renoved from

¢ hdhe gethelipaporops iemseinely aspespibledhy Wene o tap §i1pgpist position

Pl ahfied Paviee vl iiehhl @ i e tréb@sst@S el‘lﬁlfs, B eudi 8EERRy 1B %eﬁlled with
The support platformis hinged pl vot poi nt %

novEdBEd eheiher forkeifiey &t situpidi the ve@clgyéﬁwy véfen aelg@sed from the

powegield strut 67 that forns an ejector nechanism The

power unit 10 is engaged with the support platform by
20nay of the I|atching point 52

The power unit 10 rests on a support platform 65 which forms the base of the recess

63. The support platform is hinged at pivot point 66 and moveable about the pivot

point 66 by way of a gas powered strut 67 tha;c forms an ejector mechanism. The

power unit 10 is engaged with the support platform by way of the latching point 52
25  whichis coupled to a latch 68 in the support platform 65.

Figure 7 shows a corresponding schematic side view of the fue] cell power unit 10
partially ejected from the bike 60. In this partially ejected position, the gas powered
strut 67 has lifted the support platform 65 so that it has rotated approximately 15 — 20

30 degrees clockwise about pivot point 66 and the fuel cell power unit has
consequentially partially emerged from the recess 63. .The power unit 10 is still
latched to the support platform 65 at this stage.
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25 which is coupled to a latch 68 in the support

pl atform 65. Figure 7 shows a correspondi ng schematic
side view of the fuej cell power unit 10 part ially
ejected fromthe bike 60. In this partially ejected
position, the gas powered strut 67 has lifted the
support platform65 so that it has rotated

approxi mately 15 - 20 30 degrees clockw se about pivot
m@guli’et 8 GEovanal cdﬂh@pdﬂdﬁig smbénhanp cive rviaynpf thhdsel cell power unit 10

%\ﬁg% P?Bé%%aﬁro I {1}1%/ fﬂﬁ{/r%%?teﬂg%?{tgﬂ ‘{hggasrs%o%&%% it 67
Rd ﬂﬂ[ﬁ/%{éh@&l #Btifl teSuspagslatimMsglor 2 @pehpmwa in which it is

oL S50 VaRI PRy a0 PO ArEC BRI B 02 gf e
fbli&lel 5. eA@%@@uLBQ%b&tb@ Mositidt gaRtchosEemag bstcraueoup&n fitug the

y extended to |ift the ﬁg} %Qfg%lortg] led
R o Rice s AP UARTER L0 ood SATe L BARA LT 5 MR Grag e

eSHRRO it Tt Ibe 8PavittbARRMREs biond AR 1af70%4 65 @Ad
gg%af%%he B’F“ﬁé‘ 60e At thISqu|| n%ec?gg&tgsnl

tShHDOIftaIad h8058 Deagupbias dbe &gk B@Y e oerﬁef: @ myelonh ek gt geﬁomes
%egﬂble EEE% ﬁgw‘fﬁ 5 Wihord gre@é&?y frle QUL RN IVREF Beob 8B mbihally

so t power - unit can be drawn -
bdmk@ammgmmphﬁ@nnh@w@wﬁbﬁﬁﬂyﬁhﬁ@iwﬁﬁmBS and support
rail 80. Decoupling the latch may be effected manual |y
as it becones accessible (see figure 8), or nore
Orhefpematb Luyit tih enedrebro opiviemigntiyadrawe dagk Eomotatel astetl ppsitiey of

#&*@feﬁttgﬁt} Sp]aﬁtgaﬁ lvaeglfgg{xg‘ofﬁ%ﬁ%% g6 tﬂéﬁ'riﬂ\fnoe &6 g&ﬁle 2.

be"cBnveni e rﬁ
baakis fp&ﬁmﬁeh&deioeﬁge Haadhshﬁalwrbeadmesfangasmble&nddhet prewer unit

rtlaII p05|t|o of figure 9 using the
éﬁlﬁylbﬁé‘%@%l@g%’%%ﬁﬂlﬁ 1§ S0t T this point, the |eading
edge handle 14 al so becones accessi ble, and the power

t fted off the bik
Shel Bt goied (it GRS EHOn RAPODRG S LD Dol s

L RSHROVEE o BB tand Chel F00811E hendvell lpysi@irLeft Blre BQ&btrbﬁ[’cs e:f the
figure 8 and the partially renpved p05|t| on of fi

gieaqu@bng e theteleopifat pentactetlo o kP BT Wiife! (T8t $9E ouding
&Iﬁgﬁéaﬁ&s 0 o HE LRQVRRicKIRE ‘inténgat&T Qi eRISLfSRONSERE 620

ectrlc contacts 90 on the bi ke, which are
|ntegrated with the support platform65. Fiore 10

Dk B Sl GowEBlic ROVBS rtftiveq, 10
?ﬁ&%lé%ﬁov@g%%ﬂf%om%% ur?dglost ood t hat rsl m | ar
retainlng and ej ector nmechani sns may be provided 25

oG e k be provided

Vﬁg@% drelggns g 8}%at’c terEfa? rﬁt ggaﬁse;éﬁ&cr%x%aﬁsnégg{ag e provide
nﬂ&ﬁ&ee&h@ﬁ ypas, bedpaﬁumdednbommsewémakdﬁumsmﬂUnﬁbslmeﬁ
cPes, separa%e recesses 63 may be provided for several power units to improve the
power output and/or range of the vehicle. The preferred design described is

particularly adapted to provide for quick and easy connect and release from the
vehicle.

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 transportation. For example, the power

6



power output and/or range of the vehicle. The

preferred design described is particularly adapted to
provi de for quick and easy connect and rel ease from

the vehicle. 30 An inportant aspect of the preferred
power units 10 as described herein is their ability
tointerface with a plurality of different vehicle
types, and the ability to act as independent power
souriisd§ rfagrbe otnmeed frhmht: relrislp or pravidopowdEder @xamgl astivities or

t leor %omesgc egc’mm}y \xéarere 1eﬂ%ue%e ’fl po\/w { o m&{s%‘ 1Inp}ebc\=/ SQ'VFdeE with
doapah%qweh&mﬁkhcﬁt&ﬁnmﬂe@ﬁmﬁemﬁMraﬂmcﬁh@tmmm@mtdmmh$ora

10 be.provi ded wi.th arate power ou

e B DR ) & R ERR TR e R BB ay be
5 Or p@vidéd Whibh RGoSHEHHES fof POSRRIInYadsrieht wWithiBE blageical contacts 51.

converter integrated therewith) may be 5 provided

whi ch is conpati ble for physical engagenent with the

el g %ﬁdu&aﬂhatctﬁgh@«%rsméﬁ 10 c-gﬂ b€ %éélf 2 Jibat vduitee BOWRANd in plural
units 10 can be used in plural vehicle types and in

pl diffarent gpvipepensy hevhelotehepryeer yie malele’ & anirropeagessor-based
u néﬁs&m?a‘? %ﬂt‘z@?mﬁu@%@ V}ﬂ?%}ﬁﬁ 638 @hcePIRRY poRlef E&ftﬂoﬂél in the vehicle

control circult ) is Interfaced wth a power
10 c oisetfol Thereldciictlvenirelhiichis 23 @eiforss| thany Thiectiohe aispsiatafl with the

Co?}‘ﬁf)%hma%tjé&%e ofzt%e REl cgﬁﬁucqla Y, rﬁﬁmjg An]o{b?e 1§@Cfu§1t /e&dam

er mai nt enaricé o such
asraﬁn,sbmmdxjﬁcatmnaﬁpﬁxe pnnoért end ushode pixtet a\ﬂntre Ireammi,, appropriate

hum dificati on of anode . an at hode ate
r e%]‘q?téo& B BFEE ‘firﬁilledeﬁe ?ﬁnf é‘i’?%ﬁ% gﬁlpg Hrren gd)%]er pperating
deajdi\ﬂﬂtbﬁi oﬂ.mf !ﬂlefqb‘@ﬁc tH?ﬁpﬁrelﬂltthH eearich] @cbxhﬁull; cﬁ@lﬁf #td iﬂl@l?cts with
conditions of _the fuel_ ce t he ectrij.ca

15 coRe ML FEIe: G 56 TEHE B BELao RIS PRE B RRRAILIEs of the
C O%Iﬁ&é #RIE, ©fenduloptRfine bgeriting @bAditidhs @8R a1 RElLs.

operating conditions of the vehicle itself, to ensure
optlnun1operat|ng conditions of the fuel ceIIs For

eX AN Bmp WG RN AR EIRRE DSeY @aﬁr SdolitioD AEPBAIstEQRR o period of

f uel ceIFs req (L})?re a period 1‘p war m u&to ensure t
el wett goes @él@@r’fbatpcﬂw@dwbwmeamrépbﬂ% dypted,f afpreplpilepower

20 2 Od&x?ﬁﬁ n dﬂ% h‘éﬂg’ @O%ﬁ Sf) BLI LRl is CI{-J Mf‘edVS? Lt}gal Blectrical
is 1nstruc tFical control circu 3,
of caonéwel eivemit ﬁémfrrnmmamqwhaer at dcoeletrhient thabyap ke alldwerkbehder the

under aval oper.at ngj t f e f uel
I R
pr oahidedilvbé bromlea wodih aram;hﬂeirge elenmcail sugplp,pskw,h as ucdonamtional

¢ P gnel ot ac BB MLEA £a0:RT Y8l R o

25  cell is temporarily unable to serv1ce 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

30  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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25 cell is tenporarily unable to service such demand,
e.g. during acceleration. The electrical contro
circuit 23 instructs the power controller of the
vehicle of the power available fromthe fuel cel
power unit 10 under the prevailing operating
conditions of the fuel cells, so that the vehicle
BB inCARd: kO bdstie tE@nt stgfsexittiin ell@vapledpatstbothe dhel poippwer
that must be drawn fromits auxiliary supply (or |imt
##é vehicle demand if an 30 auxiliary supply is not
avai | abl e or exceeded. Simlarly, for transient hi gh
power | oads, such as brief acceleratqu e vehlclt%IO
he

EéWe rin o gpnerebpsept tae glsriEcql FoRERlefin: © YR W

g&gﬁ{es PRARE R B At RMDF ifeSmAdkhthrh bkt thz& Lssmamm{ndoﬁsly ot
er to ensure that it stays within allowable limt ﬁng

feerpi-ippantingetslycpilabiolien th%i?ﬂﬂt cell phiy giyen tansy Shdfgpreval
%ﬁ@\g&v 4 hxglﬂseofed @&1& 51'1 C Qile ?{%%1[ alfdwra6li mitSvak od Bféoﬁ)ﬁwaﬁs

icle an indication of
tbhsas rﬁapmdmmmwemmbha@f fa@onwslm(a esgrpsratgpe of the cells, (if)
e omaan? gn%zgr %Qﬁ&%ﬁyﬂ&%ﬁdaﬁﬂeﬁ (1F15 @ﬁ‘kﬁﬁ@lcfdéﬁiang einh (1 any
revailing allowable |im
O)theﬁ pcﬁrmamg oe;qmrﬁh@ltg)métha |ﬂ1€rl weilsal Hoo wresirde, (1 59108 ﬁ%l‘i?]lsoﬁ 1s
i,nuous . basi s
SOBH2 4 DO - dROA 8 BB, B pHTREa O e e i
gﬂedﬂa coﬁdﬁt&npptedﬁﬂbd axydékranga:soml ¢efigvadiiagesf | Bowstiney pitEeh Pan be

Selgtlpé;%q:ﬁgsa%qlg@at oreélﬁ.éwf g?eg?dd 5 ag sfnl(}I e}‘\lel @{1?’ géltg stohcga)(z ge’t ower

| RipePRBerigsehilyCEintrSshel bnly by adesivehhelltmovar ry out
routine purges of fuel and oxidant gases to maintain

the cells in peak condition, predicated by changes in

CRe lveliBle trR@EScon ROy | |n£1§’ @Q%eﬁﬂ{ﬂc ﬁ&eolﬁfée@@ly&ﬂxﬁﬁry power
swtching in and out selec stacks in a fue

syeleaf e vekeR <erse%ea6ﬁ9eé DAY, PR ofheT lsﬁmﬂ%mcﬁgba%ery type)
% 1 N &Redi @0y BY venikiel Rk @nns ilets BADWBbresd allo@able
|1 C

e power controller may al so be operative to
ﬂgmh@ﬁgéﬂaﬂyﬁdﬁﬁﬁﬁ#ﬁﬁyUW@MEF supply of the vehicle
(e.g. lead-acid battery or any other el ectrochem ca
battery type) when it determ nes that the vehicle
p’mmsﬁmdf the ek sgl wihin thmehmlee@@m be Hiricgvagpording] tp mapy

a&tg & 3&351%1 8%&%1%’&6 : LI—Z?QL otddthit-the Qenmﬁy mourited

i oni ng in the vehicle may be
V}&Emeﬁi altlc Giddi ngtlng) ama[ﬁlyws,abm éhen@thevé() @ésﬁ@qes 6 to 10 can

% %Ea%}eg%ﬁfl%dﬁ% t& amtam awétl‘egm%? “ﬂ%&%ﬂtﬂ?ﬁlmtdh&) the rider. In

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

puUrposes.

Other embodiments are intentionally within the scope of the accompanying claims.
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position, with side venting air flows, on the bike 60
of figures 6 to 10 can advantageously be used to

mai ntain a streamof warner air proximal to the rider
In 25 other vehicle types, the fuel cell exhaust air

styeangay be used for space heating purposes. Clher

enbodi ments are intentionally withi.n the scope q o

adcorrpa\nﬁuﬁhgelbP%t\i\’fl?fvsuml T eLygtivis. the Thel fq]&POg\& Iunbo%)fmsm a
ra.vehi the fuel cell power unit conprising

“nhﬂ??QP§n#ﬁﬁﬂauﬁ%~contalnn}g a fuel reservoir for

st ori ng fdiedservair dér stemstiudne eI ect rochem cal fuel cel I
stack for delivering electric poer, fro L A om
fuel : atleefaust ¢lpsigehonice] e cg S@Ei‘té’ﬁ ef”é?a& %f”ﬁa o T o
housj n airflow path extending betmeen a first

i P 1!l] 8&1? on an outer surface of the housing and a

first g%ﬂhgtln?&lﬁ inGh oRter eutfee of ureflmogngf t he housi ng,
vi a cat hode ements 10 in the_at. |east one f

st ack; aanufley peidestendnd b&D’X"@Pl “aTI‘I)? Pﬁ@@talnecﬁul{”f““f%‘“ of the
el _cel| ni t g Ushel YR dAgode elements

S%Bﬁavﬂﬁgﬁmmg%lftté ﬁﬂglgn %er su;ué ggiﬁ%fs the housi ng,

t he 1ree enst ohb kel cawtéckamo being coupled to the |

airflow 15 path. 3. The fuel cell Hower unit of claim

1 or clahleast2ns el power quglst one of the inlet ports
and/or outlet ports conprises a recessed handl e for
lifting the power unit. 20 4. The fuel cell power unit

ofy cl aiThe 3udl ReWbb et 1mitfdfichimi ]nfuethe:pmchuamg aaseb@aijm}m port on an

edge of the power unit and a second.i .
t reatdr |Sng"a®d13é{)®ﬁ01t5h’é Bsvasrondninist eeﬁﬁnlﬁo m& Hﬁf@o’@s@%&”ﬂo"‘
handl es. 5. The fuel cell power unit of claim4 in

‘the refuelling port is situated in an 25 upper
surface of the power unit. 6. The fuel cell povver uni t

of claiml further incl ng an. l.ectrical qnLL o
i ul tegeten BT RORRG R LTS BORObIIBE GiF Phie e

(%/ u\f\fg*l Sl cB AR URLdS 1ah8le K8 1FBnA AR unit.
tH’e ciTcui aeterm ning all owabl e operatl ng
condltlons of the
4 The fuel cell power unit of claim 3 in which a first inlet port on 2 leading edge
of the power unit and a second inlet port on a trailing edge of the power unit comptise

the recessed handles.

5. The fuel cell power unit of claim 4 in which the refuelling port is situated in an

upper surface of the power unit.

6. The fuel cell power unit of claim 1 further including an electrical control
circuit for interfacing with a power controller on the vehicle to which the power umnit
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, in which the
determined operating conditions include one ar more of maximun speed, maximunm

acceleration, and maximum electrical load according to prevailing conditions.
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25

30 vehicle while the power unit is coupled thereto,
via the power controller, in which the determ ned
operating conditions include one or nore of maxi mum
speed, roaxinl.url acceleration, and 1118:ililli}Ill

Jlectrickl, | oad accordi p i 1L DRS . et
2 20 RSB 0 D] S R0 R o

i NGkt iatihkig. point on a lower surface of the
h

housing. S. The fuel cell power unit of claiml

further including a set of recessed contacts 5 in a

| oyer riace of the. (2091 Brinin8h&GE bise®fh¥cessed contacts
pdier e \?éﬁé&ﬁgp%%%‘lﬂ%q%gaﬂg AR power uni t

acg e guireee @me Husiaedi ng clai mand a recess for
removably receiving said fuel cell power unit. 10 10.

The vehicle of claim9 in which the recess includes a
| gt chab) e ef.ector neehanism.for it nde BewBOMST according to
ua?t't OLflfn QF&??@) Pgéggegﬁfﬁ}.%m?ﬁgh\?eﬁiaol e of BCT aiml1l0 in .~

WhinGhyrdcBgind slahat £recese ¢sraemoeatpnicsivingonidriig esl| gpower unit.

support platformfor the power unit, the platform
i ncl udi ng an engagenent 15 mechani sm for engagi ng

with a latching point gn a. surface pfied Relatchable ejector
hotbsi ng;Lb&f“thP'Fég 050%“5“ gnﬁnﬁkl%\zbf{kﬁ@h{égcv%h?}gl eesof éllcaiamegJ L
| Nl GhmtReifigs 8R podCinitas odithelreesst. one air duct -

providing a conduit for air flow fromthe front of the
vehicle to the recess, the air duct. 20 positioned

for. alignment. wi.th. L g} ‘ : WeLh S dethprises a
of It e TEBRH B hihd® hankh BefcRfAfeRnmiimaser
clabpard gleperdent the opawet anmh, 6thet iméatfoehi clchdinge | andiengagement
a power ~ controller for interfacing with an el t}gi Gl ot the
c oneshetisifpreanisecing Withe 1HIGRNS BEIDf OP GURY I FHiLRCC OT28° PiHsine or e
power controller operative to determ ne said operating
cotfdit 'Bs of the vehicle based on allowable limts
determined by the electrical control circuit of the
fuel cell ower unit. 34. The vehicle of .any one of. ... 3.
cl ¥ ms Wiet Ph SR ch 1R ﬁ‘éﬁl%’efﬁecf%ﬁe?ssmalusi’ské P“a?ethne air due
15{1;0@‘891@ rabHSLiSdP 5t A3t Bdih YaeBSo QT Ghd Vet @i thé fecetst the air duct.
referen€e to the acconpanying draw ngs. 10 . o
positioned for alignment with the inlet port on an outer surface of the housing of the

power unit.

13.  The vehicle of claim 9 dependent from claim 6, the vehicle including a power
controller fbr interfacing with an electrical control circuit in the fuel cell power umit,
the power controller operative to determine said operating col_lditions of the vehicle
based on allowable limits determined by the electrical control circuit of the fuel cell

power unit.
14.  The vehicle of any one of claims 9 to 13 in which the vehicle is a bile.

15.  Apparatus substantially as described hejein with reference 1 the

accompanying drawings.
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