
DETACHABLE FUEL, CELL POWER UNIT FOR VEHICLE
APPLICATIONS The present invention relates to fuel
cells and in particulars to the use of fuel cells in
vehicles. Thore is increasing unrest in the use of
ffiel cells as alternative sources of energy for
various automotive applications. Fuel cells offer
electrical power output from the electrionical
conversion of hydrogen and and oxygen to water and
therefore offer  10 significant benefits in enabling
substantial reduction in pollution at the point of
use. Furthermore, fuel cells can be operated from a
direct stored supply of hydrogen (e.g.. bottled in
compreased foam), or from an indirect supply of
hydrogen, (e.g. from a hydrogen-containing fuel from
which the hydrogen is released by an associated fuel
processor). 15 However, there are many associated
problems to be overcome in applying fuel cell
technology to automotive applications. These problems
include: (1) providing sufficient power output for a
given size and mass of fuel cell suitable for the
vehicle, while maintaining adequate limits on the
demands placed on. the fuel cell according to 20
variable operating conditions, (ii) reducing The time
to recharge or refuel the vehicle to an acceptable
level comparable with existing vehicies 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. 25 It is an object of foe present invention
to provide a versatile solution to providing a fuel
cell-eased power unit for a vehicle in. which some or
all of the problems indicated above are mitigated or
overcome. 30 According to one aspect, the present
invention provides a fuel cell power imit 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 refuelling port in an outer surface of the housing:
and an airflow path extending between a first inlet
port on an outer suriluoa 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.
According to second 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
10the 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; and,       at least one of the inlet ports and
outlet ports comprises a recessed handle for lifting
the power unit. 15 According to third aspect, the
invention provides a fuel cell power unit comprising a
unitary housing containing: fuel reservoir for storing
fuel;            at least one electrochemical fuel
cell stack for delivering electrical power from the
20fluid 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, 25a latching point on a lower surface
of the housing. 



5According to fourth 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; 10a
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 15 According to fifth aspect, the invention
provides a fuel cell power unit comprising unitary
housing containing: a fuel reservoir for storing fuel;
at least one electrochemical fuel cell stack for
delivering electrical power -from the 20fluid 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 fire] cell stack; and,
25at least one auxiliary power outlet. According to
sixth 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; 30at 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
35the at least one fuel cell stack; and,  5an
electrically powered vehicle comprising a recess for
removably receiving said Mel cell power unit.
Embodiments of the present invention will now he
described by way of example and with reference to the
accompanying drawings in which: Figure 1 shows a
schematic perspective view of a that cell power unit
suitable for use with a vehicle, such as a bike, and
suitable for use in off-vehicle applications; Figure 2
shows a GC:BM:ark perspective view of the fuel cell
power unit of figure 1 with sides partially out away
to reveal internal detail; Figure 3 shows a schematic
perspective view of the Mel cell power unit of figure
1 with sides partially cut away to reveal internal
detail; Figure 4 shows a schematie perspective view of
the reverse side of the fael 



cell power Bra offigure 1 with, sides partially cut
away to reveal. internal detail; Figure 5 shows a
sohematic perspective view of the underside of the
fuel cell power unit of figure I; Figure 6 shows a
schematic side view of the fuel cell power unit of
igure 1 fully installed within a motor bike; Figure 7
shows a schematic side view of the fuel cell power
unit of figure 1 in a partially elected position
within a motor bate; Figure g shows a. schematic aide
view of the fuel cell power o of pre 1 in filly
ejected position on a motor bike ready for removal;
Figure 9 shows a schematic side view of the hid cell
power unit of figure 1 in filly ejected and partially
removed position on a motor bike; and Figure 10 shows
a schematic side view of the &el cell newer tau it of
figured hilly removed from the Motor bike,
Withrale..--cace le firure 1, there is shown a
preferred compact strte of ftliel cell power Ilan 10
for We in a vehicle. The power unit 10 is particularly
adapted to be ter 'able from the vehicle 30 that it
can be used as an alternative power source for other  



applications. Examples of Mall other applications may
include providing domestic power for permanent or
temporary accommodation, emergency power, mobile
office power, outdoor lighting or generally running
portable appliances such as portable computers etc.
The removability of the power unit 10 also facilitates
easy caniafr...nance of the power twit by enabling the
swapping of power units, or use of the same power milt
in more than one vehicle. Swapping a diseharged power
unit 10 for a fully charged unit, or refilling the
discharged unit eliminates the prolonged charging
period associated with battery-powered electric
vehicles, 10 The power wit 10 is also particularly
adapted to integrate with the vehicle in which it is
to be Stalled for optimum ease of use, versatility and
efficiency. A .unitary housing 11 includes side panels
I la, 1 lb, trailing edge psnel 11c, top surface lid,
Leading edge panel lie (see figure 4) and lower neace
1 if (see figure 4). The trailing edge panel lie
includes a recessed handle 12 also serving as a first
air inlet 15 port rise leading edge panel Ile adso
includes a recessed handle 14 also serving es a second
air inlet port The top surface lid So includes a
recessed handle 13 which may Rise serve as a further
air inlet port One, or referably both, sidepanels its,
1.1h ;nolo& an air outlet port 15. The exact
disposition of air inlet and outlet ports may be
varied according to different, designs, and some or
all of the inlet I outlet parts may servo as recessed
handles. The top Mel= lid preferably also inoludes a
re...telling port 16 for easy access when the power
1St is Stalled in the vehicle or when it is removed
from the vehicle. With reference to fares 2 and 3, the
Sternal components of the fuel cell power unit 2:5 10
comprise a pair of fuel cell stacks 20, 21 and a 5151
supply reservoir 22. In the referred arrangement, the
fuel suasply reservoir 22 is a cylinder for storing
compressed gaseous hydrogen. In other embodiments,
Sheet hydrogen source fuel types may be used, such as
methanol, ethanol and sodium borohydride, contained
within suitable reservoirs. Where such indirect
hydrogen Sources are used, the fuel 30 cell stacks 20,
21 may be specially adapted fuel cells for use with
such fuels (to Include direct methanol fuel cells,
solid oxide fuel cells, direct bccohydri.de fuel cells
etc.), or ermvestional hydrogeth feel proton exchange
membrane cats in coMbinsaion with a suitable fuel
processor (not shown) far.generating the hydrogen for
delivery 3  thereto. The fuel reservoir 22 is
connected to the refuelling port 16 by an appropriate
conduit 30 and valve system 31. Fuel is delivered to
each of the fuel cell stacks 20, 21 via a high
pressure gas regulator 32 and fuel delivery pipes 33,
and low pressure gas regulator 34. Coolant and oxidant
air is delivered to the fuel cell stacks 20,21 from
the air inlet port in recessed handles 12, 14,
Preferably, the fuel cells 20, 21 are of the open
cathode variety, in that air at ambient pressure is
streamed over the fuel cell cathode plates to serve as
(0 oxidant supply, (ii) as an exhaust carrier flow and
(iii) as a coolant. To 10 this end, the power unit
provides an airflow path extending between the inlet
port 12 and / or inlet port 14 around the fuel cell
stacks 20,21 and between the Aral cell plates via
filters 35, 36. Depending upon the performance
requirement of the fuel cells 20, 21, forced
ventilation may be provided by way of fans 40, 41 to
increase air flow between the fuel cell plates, as
particularly shown in figure 4. Air is exhausted from
15 the power unit 10 via air outlet port or ports 15.
There may be an outbd port on one or both sides 1 la,
lib (see also figure 5).   In preferred embodiments,
to be described later, the fuel cell power unit 10 is
. positioned -within a vehicle such that forward
motion of the vehicle assists in 20 providing forced
air cooling and oxidant supply to the fuel cells via
the airflow path, The base of the power unit housing
11 inolutle9 an electrical control circuit 23 for
controlling the operation of the fuel cells and for
interfacing with a power controller on the vehicle in
which the power unit 10 is to be installed. 25 With
seference to figure 5, the base llf 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.
Preferably, the electrical contacts 51 comprise two or
more separate power contacts for delivering high
current for motive power, 30 and separate control
contacts for delivering control si i.e.'s. However, it
will be understood that control sigaals could
alternatively, or in addition, be transmitted between
the power unit 10 and a vehicle using modulation
signals on the power contacts, or by using an
independent wireless link. 



4  The base llf of the pcwa St housing 11 also
includes a lambing paint 52 which is adapted to couple
with a suitable retaining and ejector mechanism on the
vehicle in which it is to be installed, to be
described in more detail hereinafter, Figure 6 shows a
schematic aide view of the fuel cell power unit 10
filly blataikAi within a bike 60, according to a
preferred embodiment, The power unit 10 Ls positioned
within a stems 63 located between the handlebar
position 61 and the caddie position 62. In the rally
installed position of figure 6, it will be noted that
the 10 air inlet port 14 is positioned at a leading
edge of the power unit and receives air directed
thereto by the bike fairing 64, assisted by forward
motion of the vehicle 60. Second air inlet 12 is
positioned at a trailing edge of the power unit 10
lAthich may SO have air directed towards it by
apptopriate ducting in the side or sides of the Mirka
64. 15 The refuelling port 16 is incenediattly
accessible by virtue of its top mounted position an
the power unit installed in the recess 63. Thus, the
fuel cell may be refilled with hydrogen or other fuel
either in situ in the veldele 60, or when removed from
the vehicle. $0 The power mit 10 rests on a support
platform 65 which forms the base of the recess 63. The
support platform is binged at pivot point 66 and
moveable about the pivot point 66 by way of a gas
powered strut 67 that forms an ejector meehapisre The
power unit 10 is engaged with the support platform by
wzy of the latching point 52 25 which is coupled to a
latch 68 in the support platform 65. Figure 7 shows a
cogresponding schematic side view of the fuel cell
power unit 10 partially ejected from the bib 60. In
this partially ejected position, the as powered strut
67 has Mind the support plattbun 65 so that it has
rotatei approximately 15 - 20 30 degrees elookuVise
about pivot point 66 and the fuel sell power unit has
consequentially partially emerged from the recess 63,
-The power unit 10 is sat latched to the support
platform 65 at this stage,  Figure 8 shows a
corresponding schematic side view of the fuel cell
power unit 10 fully ejected from the bike 50. In this
fully ejected position, the gas powered strut 67 is
fully extended to lift the support platform 65 to an
upper position in which it is substantially aligned
with a support rail SO adjacent to the saddle position
62 of the 5 bike 60. At this fully ejected position,
the latch 68 may be decoupled from the latching point
52 on the power unit 10 (see figure 9 which shows the
latch decoupled) so that the power unit can be drawn
backwards along the support platfoin 65 and support
rail 80. Decoupling the latch may be effected manually
as it becomes accessible (see figure 8), or more
preferably the decoupling may occur automatically 



10 when the support platform reaches the fully ejected
position.' The power unit 10 may be conveniently drawn
back from the ejected position of figure 8 to the
partially removed position of figure 9 using the
trailing edge handle 12. At this point, the leading
edge handle 14 also becomes accessible, and the power
unit 1510 may be lifted off the bike in its entirety.
It will be noted that the sliding action of the power
trait 10 from the fully ejected position of figure 8
and the partially removed position of figure 9 also
results in the decoupling of the electrical contacts
51 on the power unit 10 from corresponding 20
electrical contacts 90 on the bike, which are
integrated with the support platform 65. Figure 10
shows the bike 60 with the fuel cell power unit 10
fully removed. It will be understood that similar
retaining and ejector mechaoisms may be provided 25 in
other vehicle types, such as any two or more wheeled
transport For larger vehicles, separate 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. 30 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



units 10 may be removed um the vehicle to provide
power for camping activities or for domestic
electricity, when: required. The power mats 10 may be
provided with separate power outlets of different
voltage and/or connection type (not shown), or a
tailing socket (possibly with a voltage converter
integrated therewith) may he 5provided which is
compatible for physical engagement with the electrical
contacts 51. To unsure that the power rants 10 can be
used in plural vehicle types and in plural different
environments, the fuel cell power units include a
aticroprocessot-hesed electrical control circuit 23
which is interfaced with a power controller in the
vehicle 10 itself. The electrical control circuit 23
perfomm many fironticnits associated with the proper
maintenance of the fuel cells, such as ensuring an
appropriate fuel / oxidant ratio, hizaidification of
the anode and cathode plates Where required,
appropriate limitations on entrant drain dependent
upon the temperature rind other operating conditions
of the fael cell. However, the electrical control
eimint also interacts with 15the power controller of
the vehicle itself to determine operating conditions
of the vehicle it:dr, to ensure optimum operating
conditions of the fuel cells. For example, when
operating under smut up conditions, fuel cells require
a period of warm up to ensure that electrodes become
properly hydrated, heft:11e full power 20 demand.
Thus, the power controller of the vehicle' is
instructed, by the electrical control circuit 23, of
maximum power or acceleration that inn he allowed
under the prevailing operating conditions of the fuel
cell. In a preferred embodiment, the vehicle will be
provided with an auxiliary electrica supply, such as a
conventional Lead-acid battery, which can serve to
provide peak demand for periods \via= the fuel cell is
temporarily 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 iltOal the fhel 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 mot be drawn
front its auxiliary supply (or lim.it the vehicle
deialni If an 30 auxiliary supply not available or
exceeded.  supply in order to ensure that it stays
within allowable limits for the fuel cell power unit.
Thus, in a general aspect, the electrical control
circuit 23 in the power unit 10 provides to the
vehicle an indication of the maximum power that is
instantaneously or semi-instantaneously available from
the fuel cell at any given time, i.e. the prevailing
allowable limits of operation. The prevailing
allowable limits vary on a continuous basis, depending
upon a number of factors, such as (i) the temperature
of the cells, (ii) the oxidant and/or cooling air
flows available, (iii) the historic demand, and (iv)
any 10 other servicing requirements of the fuel cells.
For example, in some fuel cells, it is desirable to
carry out routine purges of fuel and oxidant gases to
maintain the cells in peak condition, predicated by
changes in cell voltages. Rontina purges can be
effected by switching in and out selected stacks in a
fuel cell system so that net power output is
temporarily diminished only by a relatively small
amount. 15 



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 power unit. 20 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 25 other vehicle types,
the tel cell exhaust air stream may be used for space
beating purposes. Other embodiments are intentionally
within the scope of the accompanying claims.  Claims
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; refueling port
in an outer surface of the housing; an airflow path
extending between a first inlet port on art outer
surface of the 10housing 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 ofhousing, 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 15 the power
unit       The fire 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. 20
3. 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 comprising a
unitary housing containing: 25a 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 30housing
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.   5. A fuel cell power unit comprising
a unitary housing contain 



a fuel reservoir for storing the at least one
electrochemical fuel cell stack for delivering
electrical 5fluid 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; LOa set of
recessed contacts in 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,
20at least one auxiliary power outlet.  7. A fuel cell
power unit for a vehicle, the fir.l cell power unit
comprising a unitary housing containing: a fuel
reservoir for storing       at least one
electrochemical fuel cell stack for delivering
electrical power from the fluid fuel a refueling port
in n 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
30the at least one fuel cell stack; and, 



an electrically powered vehicle comprising a recess
for removably receiving said fuel cell power unit.
8. The fuel cell power unit for a vehicle or claim 7
in which the recess includes a latchable ejector
mechanism for lifting the power wait out of the
recess.  9. The haul cell power unit for a vehicle of
claim S in which the hatchable ejector 5 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. 10,The Nei cell power
unit for a vehicle of claim 7 in which the recess
includes at 10least one aix 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. 


