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Figure 1(a) 
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Figure 1(b) 
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Figure 2 
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Figure 3 
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HYBRID POWER SUPPLY APPARATUS FOR 
BATTERY REPLACEMENT APPLICATIONS 

TECHNICAL FIELD 

[0001] This application relates to a hybrid power supply 
apparatus comprising a fuel cell and an energy storage 
device suitable for use in electric off-road vehicles, such as 
lift trucks and ground support equipment. The invention is a 
substitute for conventional lead acid batteries and is siZed to 
?t Within a standard electric vehicle battery receptacle tray. 
Other loW poWer product applications are also described. 

BACKGROUND 

[0002] Off-road electric vehicles, such as lift trucks, 
sWeepers and scrubbers and ground support equipment, are 
used in a variety of commercial and recreational applica 
tions. By Way of eXample, electric lift trucks comprising 
pallet forks are commonly used in retailing, Wholesaling and 
manufacturing operations for lifting and moving materials 
inside Warehouses and the like. Since lift trucks are often 
operated indoors, the use of internal combustion engines is 
precluded. In most cases lift trucks are battery poWered to 
avoid potentially harmful emissions. Each battery is 
mounted Within an enclosure comprising a battery receptacle 
tray or cavity typically located near the rear of the vehicle 
(although the location varies depending upon the vehicle 
model). The batteries typically include handles or lifting 
grips and the receptacle tray may include rollers to facilitate 
battery movement, for eXample during recharging opera 
tions. When in use, the battery output is electrically con 
nected to the vehicle drive system With a DC interface plug. 

[0003] Various types of lead acid battery systems are 
available for use in lift trucks and other similar electric 
vehicles. Flooded battery systems provide approximately 
6-8 hours of operation and require frequent Watering to 
maintain the chemistries in their cells as they are charged 
and discharged. Batteries requiring less frequent Watering, 
such as “Water-less”TM battery systems manufactured by 
Hawker PoWersource, are also available and provide similar 
performance to ?ooded batteries. Recently “maintenance 
free” battery systems have been introduced Which do not 
require any Watering, but require more expensive chargers. 

Apr. 17, 2003 

Maintenance-free systems have a loWer energy storage 
capacity per cubic foot and therefore provide feWer hours of 
operation than ?ooded or reduced Water batteries of the 
same siZe. 

[0004] All conventional battery systems designed for loW 
poWer vehicular applications suffer from serious shortcom 
ings. Aprimary limitation is that conventional batteries must 
be recharged at frequent intervals, usually at least every 6-8 
hours. Accordingly, battery charging stations must be pro 
vided at the Worksite. The establishment of a battery charg 
ing infrastructure is costly and occupies valuable Warehouse 
space. Moreover, the vehicles cannot be continuously oper 
ated (i.e. in sequential shifts) Without routinely sWapping 
discharged and charged batteries. This frequent daily 
removal of discharged batteries and substitution of fully 
charged batteries is labour-intensive and potentially danger 
ous (conventional battery enclosure systems for Class A lift 
trucks Weigh up to 900 pounds). In order to be effective, 
such battery sWapping also requires multiple batteries per 
vehicle Which increases operating costs. 

[0005] Conventional batteries must also be serviced at 
frequent intervals for cleaning and Watering. The presence of 
battery acid poses employee safety risks and the potential to 
damage equipment. 

[0006] Further, conventional battery systems are incapable 
of operating at optimum e?iciency in many industrial appli 
cations. As shoWn in the Table 1 beloW, lift trucks typically 
have a pattern of poWer usage or “duty cycle” Which is 
characteriZed by loads Which ?uctuate substantially during 
the course of a Work shift. For eXample, although the 
average load across an entire seven hour Work shift is less 

than 1 kW, poWer requirements on the order of 8-10 kW for 
short durations are required at irregular intervals to meet 
operational demands. The state of charge of the battery must 
alWays be high enough to ensure that the battery is capable 
of responding to high current requests by the lift truck (even 
though the average poWer requirement is relatively loW). 
This decreases the effective charge life of the battery, 
requiring recharging at more frequent intervals and resulting 
in operating doWntimes. 
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[0007] The use of fuel cell power systems in industrial 
vehicles as an alternative to battery power is Well known in 
the prior art. Fuel cell systems offer many important bene?ts 
including extended operating times, loW emissions and the 
?exibility to utiliZe readily available fuels, such as methanol 
and propane (LPG). Further, the need for a battery charging 
infrastructure as described above is avoided, including the 
need for multiple batteries. 

[0008] NotWithstanding these advantages, previous 
attempts by original equipment manufacturers (OEMs) to 
integrate fuel cell poWer systems employing conventional 
fuels into industrial trucks at a reasonable cost have been 
largely unsuccessful. It is not feasible to adapt existing 
trucks to fuel cell poWer Without making extensive truck 
level modi?cations. Each OEM brand truck requires a 
unique integration approach Which is often difficult and 
expensive to implement, especially for existing ?eets of 
vehicles. Moreover, if the fuel cell system fails, the truck 
must be taken out of service. 

[0009] The fact that duty cycles for lift trucks and other 
similar vehicles are characteriZed by very high peak to 
average load ratios poses particular operational challenges. 
Many fuel cell systems employ reformers Which convert 
conventional fuels into hydrogen-enriched gas Which the 
fuel cell system transforms into electricity. HoWever, this 
reforming process is relatively sloW Which limits the load 
folloWing capabilities of the fuel cell. Also, in order to 
maximiZe the useful life of fuel cell components, it is 
preferable to operate the fuel cell at near steady state 
conditions rather than adopting a load folloWing approach. 

[0010] Some hybrid poWer supply systems are knoWn in 
the prior art for use in applications subject to sudden load 
?uctuations. US. Pat. No. 4,883,724, Yamamoto, issued 
Nov. 28, 1989 relates to a control unit for a fuel cell 
generating system Which varies the output of the fuel cell 
depending upon the state of charge of the battery. In par 
ticular, a DC/DC converter is connected betWeen the output 
of the fuel cell and the battery and is responsive to a control 
signal produced by a controller. The purpose of the Yama 
moto invention is to ensure the storage battery is charged for 
recovery Within the shortest possible time to reach a target 
remaining charge capacity under charging conditions that do 
not cause deterioration of performance of the battery. When 
the charged quantity of the battery is recovered to the target 
value, the controller loWers the output of the fuel cell to its 
normal operating state. In the case of no external load, such 
as during extended periods of interruption in the operation of 
the lift truck, the fuel cell is controlled to stop after the 
storage battery is charged. 

[0011] The primary limitation of the Yamamoto control 
system is that control algorithm is designed for prolonging 
the useful life of the storage battery rather than the fuel cell. 
By varying the fuel cell output to charge the storage battery 
for recovery Within the shortest possible time, the long-term 
performance of the fuel cell is compromised. Moreover, 
Yamamoto does not disclose a hybrid fuel cell system Which 
is con?gured to ?t Within a small geometric space. 

[0012] The need has accordingly arisen for a hybrid archi 
tecture speci?cally adapted for lift trucks and other loW 
poWer applications Which integrates fuel cell technology 
With conventional battery systems. In the present invention 
the fuel cell and fuel processor systems are siZed to meet the 
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average load requirements of the vehicle, While the batteries 
and poWer control hardWare are capable of responding to 
very high instantaneous load demands. The invention may 
be substituted for conventional batteries to improve perfor 
mance Without retro?tting existing ?eets of vehicles. As 
described further beloW, the applicant’s invention ?ts into 
conventional lift truck battery receptacle trays and has a 
similar electrical interface as conventional battery systems. 
Apart from vehicular applications, loW poWer hybrid fuel 
cell products as exempli?ed by the present invention may 
also ?nd application in uninterruptable poWer supply sys 
tems, recreational poWer, off-grid poWer generation and 
other analogous applications. 

SUMMARY OF INVENTION 

[0013] Conventional traction batteries are removably posi 
tionable Within a battery receptacle tray of an electric 
vehicle and include a poWer output connectable to the 
vehicle drive system. In accordance With the invention, a 
hybrid poWer supply apparatus is provided Which is inter 
changeable With such conventional batteries. The apparatus 
includes a fuel cell; an energy storage device chargeable by 
the fuel cell; a housing enclosing the fuel cell and the energy 
storage device, the housing being siZed to ?t Within the 
battery receptacle tray; and a poWer output electrically 
connectable to the storage device and extending externally 
of the housing for electrically coupling the apparatus to the 
drive system of the vehicle When the housing is positioned 
Within the battery receptacle tray. 

[0014] Preferably the apparatus further includes a coolant 
system for ?oWing gas through the housing. The coolant 
system may include a gas inlet for draWing gas into the 
housing; at least one bloWer positioned Within the housing 
for moving gas through the housing in predetermined ?oW 
paths to regulate the temperature of the apparatus; and a gas 
outlet for expelling exhaust gas from the housing. In a 
particular embodiment of the invention, the housing 
includes a user interface surface Which is exposed When the 
housing is placed Within the vehicle receptacle tray. Both the 
gas inlet and gas outlet are located on the user interface 
surface. The coolant system is con?gured so that the tem 
perature of the exhaust gas and the user interface surface 
does not exceed 50° C. When the coolant system is in 
operation. 

[0015] The apparatus further preferably includes a fuel 
processor positioned Within the housing for converting a 
source of fuel to hydrogen-enriched gas for delivery to the 
fuel cell. In one preferred embodiment of the invention, the 
fuel processor is a reformer for converting conventional 
fuels, such as methanol and propane, to hydrogen gas. The 
apparatus may include a fuel storage chamber located Within 
the housing Which is in ?uid communication With the fuel 
processor. A fuel inlet may be provided on the housing, such 
as on the user interface surface, for supplying fuel to the fuel 
storage chamber. In one embodiment, the fuel storage cham 
ber is thermally isolated from the remainder of the housing. 

[0016] The apparatus also preferably includes a DC/DC 
poWer converter positioned Within the housing for convert 
ing the DC current generated by the fuel cell to a voltage 
suitable for delivery to the energy storage device, Which may 
consist of a battery or capacitor, or to an external load. A 
controller may also be mounted Within the housing for 
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regulating operation of the fuel cell and power converter 
depending upon the state of charge of the energy storage 
device. 

[0017] The apparatus is designed to closely simulate the 
Weight characteristics of a conventional traction battery to 
ensure proper balancing of the electric vehicle. To this end, 
one or more load compensators may be positioned Within the 
housing for increasing the Weight of the apparatus to a 
Weight approximating the Weight of a conventional battery. 
Since fuel cell systems are more sensitive to vibration and 
shock than conventional batteries, vibration dampeners may 
be positioned Within or surrounding a portion of the housing 
for absorbing vibration When the housing is Within the 
battery receptacle tray and the vehicle is in operation. 
Preferably the apparatus is siZed to ?t Within receptacle trays 
of standard dimensions for pallet truck, narroW aisle lift 
trucks, sit-doWn lift trucks and the like. 

[0018] A method of converting an electric vehicle having 
a high peak poWer to average poWer ratio from electric 
poWer to hybrid poWer is also described. The method 
includes the steps of providing a hybrid poWer supply 
apparatus as described above; removing a conventional 
battery from the battery receptacle tray; positioning the 
housing of the hybrid poWer supply apparatus Within the 
battery receptacle tray; and electrically connecting the 
poWer output of the hybrid poWer supply apparatus to the 
drive system of the vehicle. 

[0019] The invention may also be employed in non 
vehicular applications Where a hybrid poWer supply is 
required for use in a relatively small, self-contained space. 
In the applicant’s invention, the poWer output located on the 
apparatus housing is preferably the only interface betWeen 
the apparatus and the load. 

[0020] As should be apparent from the foregoing, it is an 
object of the invention to provide a high energy density 
hybrid poWer supply system that is optimiZed for operation 
Within an enclosure space similar to traditional removable 
battery systems, With identical electrical DC output, and 
having extended operational time betWeen refueling stops. 

[0021] A further object of the invention is to provide 
precise thermal regulation of the poWer supply components 
and safe and ergonomic external interfaces for ease of 
operator use. 

[0022] Still another object is to replicate the traditional 
battery physical characteristics, such as Weight and enclo 
sure siZe, so that the battery replacement procedure is 
transparent and safe for the vehicle operator. Arelated object 
is to reduce system vibrations to increase performance of the 
hybrid system. 

[0023] Another object is to provide a specialiZed chamber 
Within the apparatus housing for temperature-controlled fuel 
storage. 

[0024] A further object is to alloW for fuel tank resiZing to 
effectively increase or decrease the range of the vehicle. 

BRIEF DESCRIPTION OF DRAWINGS 

[0025] In draWings Which illustrate embodiments of the 
invention but Which should not be construed as restricting 
the spirit or scope of the invention in any Way, 
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[0026] FIG. 1(a) is a rear isometric vieW of an electric lift 
truck shoWing a conventional prior art battery in its installed 
con?guration. 
[0027] FIG. 1(b) is an enlarged isometric vieW of the 
conventional battery of FIG. 1(a). 

[0028] FIG. 2 is a rear isometric vieW of the truck of FIG. 
1 ?tted With the applicant’s hybrid poWer supply apparatus. 

[0029] FIG. 3 is an isometric vieW shoWing the general 
layout of the applicant’s hybrid poWer supply apparatus. 

[0030] FIG. 4 is an isometric vieW of an alternative 
embodiment of the apparatus of FIG. 3 including Weight 
counterbalancing and vibration damping features. 

[0031] FIG. 5 is an isometric vieW shoWing the general 
layout of an alternative embodiment of applicant’s hybrid 
poWer generating apparatus including an internally sealed 
temperature controlled fuel storage chamber. 

[0032] FIG. 6 is a schematic diagram shoWing the hybrid 
fuel cell/battery architecture and charging characteristics of 
the applicant’s system. 

[0033] FIG. 7 is an isometric vieW of one particular 
embodiment of the applicant’s hybrid poWer supply appa 
ratus using liquid fuel and shoWing side panels of the 
apparatus housing in an open position to expose internal 
components. 

[0034] FIG. 8 is a side elevational vieW of the embodi 
ment of FIG. 7 With a side panel removed and shoWing 
exemplary air ?oW paths in dotted outline. 

[0035] FIG. 9 is an end isometric vieW of the embodiment 
of FIG. 7 shoWing the user interface Which is exposed in 
use. 

[0036] FIG. 10 is a further isometric vieW of the embodi 
ment of FIG. 7 shoWing the side panels of the housing in a 
open position to expose internal components. 

[0037] FIG. 11 is an isometric vieW of an alternative 
embodiment of the invention suitable for using compressed 
gas fuel. 

[0038] FIG. 12 is a schematic draWing of one possible 
arrangement for air cooling of the applicant’s hybrid poWer 
supply apparatus. 

[0039] FIG. 13 is an isometric vieW of a further alternative 
embodiment of the invention similar to the embodiment of 
FIG. 7 but con?gured as a Genset. 

DESCRIPTION OF INVENTION 

[0040] A conventional industrial or “traction” battery 10 
for a forklift truck 20 is shoWn in FIGS. 1(a) and 1(b). 
Battery 10 includes a box-shaped housing 12 having 
opposed end faces 14, side faces 15 and top and bottom faces 
16. As shoWn in FIG. 1(a), truck 20 typically includes a 
main body 22 mounted on Wheels 24 and having a fork lift 
mechanism 26 attached. The main body 22 has a cavity or 
battery receptacle tray 28 Which is siZed and shaped to 
removably receive one battery 10. In the example shoWn, 
tray 28 is rectangular in shape and is located in the center of 
the main vehicle body 22. HoWever, the location and dimen 
sions of tray 28 Will vary depending on the speci?c truck 
manufacturer, model and application. By Way of example, 
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pallet trucks have maximum allowable battery tray dimen 
sions of 31“L><13“W><32“H (the height is variable depending 
upon the battery capacity). Narrow aisle lift trucks vary to a 
greater extent, but a typical battery tray 28, for a 36 volt DC 
model, is 38“L><20“W><31“H. A sit-down fork lift truck also 
has several variations, but a typical battery tray 28, for a 36 
or 48 volt DC model, is 38“L><32“W><22“H. 

[0041] Battery 10 is enclosed to a greater or lesser extent 
depending on the location of battery tray 28 in truck 20. In 
the example shown in FIG. 1(a), end faces 14 and a top face 
16 are exposed. In other common con?gurations only one 
end face 14 of housing 12 is exposed, the remainder being 
enclosed by the main truck body 22. Since battery 10 is 
extremely heavy (approximately 900 pounds in some appli 
cations), the battery charging station and/or vehicle 20 may 
include a transport system (not shown) consisting of rollers 
and guides for ease of sliding the battery 10 in and out of tray 
28. The lift truck 20 or other vehicle may also include 
standard mechanical retainers (not shown) to lock the bat 
tery 10 in place within tray 28 for safety during operation. 

[0042] The structure of conventional traction battery 10 is 
shown in greater detail in FIG. 1(b). Battery housing 12 is 
typically constructed from steel and includes a pair of lifting 
handles 17 mounted on opposed end faces 14. A DC cable 
and plug interface 18 extends from housing 12 and is 
connected to the electrical drive system (not shown) of truck 
20. Plug interface 18 is standard for most electric vehicles. 
A plurality of battery cells 19 are mounted within battery 
housing 12 as shown and are electrically connected to the 
DC output plug interface 18. Battery 10 is typically of the 
lead acid type. When battery 10 requires recharging, it is 
usually manually rolled off truck 20 to a recharging station 
(not shown), a charged replacement battery 10 is rolled into 
tray 28, and the DC output plug 18 of the replacement 
battery 10 is connected to the electrical drive system of truck 
20. Depending upon the application, conventional batteries 
10 have operating times as low as 4-5 hours and therefore 
require frequent recharging. As discussed above, the fre 
quent daily removal of discharged batteries and substitution 
of fully charged batteries is labour-intensive and requires a 
costly inventory of spare batteries. Of course, battery charg 
ing stations and associated instrumentation must also be 
provided. 

[0043] The hybrid power supply apparatus 30 of the 
present invention is illustrated in its installed con?guration 
on a truck 20 in FIG. 2. As discussed further below, 
apparatus 30 is “hybrid” in character since it includes both 
a fuel cell to generate electrical power and an energy storage 
means, such a storage battery, which is connectable to a 
load. Apparatus 30 has been engineered so that it is trans 
parently interchangeable with a conventional battery 10 in a 
“plug and play” manner without requiring any modi?cation 
to truck 20. More particularly, apparatus 30 has substantially 
the same shape, dimensions, weight and electrical interface 
as a battery 10 of FIGS. 1(a) and This enables apparatus 
30 to be easily inserted into or removed from an existing 
battery tray 28 and used in the same manner as a conven 
tional battery 10. However, apparatus 30 has performance 
characteristics, including an effective operating time, which 
are far superior to a conventional battery 10. By way of 
example, prototype apparatuses 30 tested by the inventors 
have provided an order of magnitude greater operating time 
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before requiring refueling/recharging (i.e. up to 50 hours 
compared to 4-8 hours for conventional batteries 10). 

[0044] While hybrid fuel cell/battery power systems are of 
course well known in the prior art, the integration of such a 
system within a small geometric space (i.e. an enclosure 
capable of ?tting within the dimensions of a standard battery 
tray 28) poses multiple design challenges. As described in 
detail below, the various fuel cell hybrid components must 
be efficiently arranged within a small enclosure while main 
taining weight characteristics and a DC interface similar or 
identical to conventional battery systems 10. Further, the 
placement of air inlets and outlets is important to avoid 
adding heat to truck 20 and for optimum internal thermal 
management. Accessibility of fuel inlets is similarly impor 
tant to ensure ease of refueling by operators. 

[0045] Further, trucks 20 are designed for holding traction 
batteries 10 which are very robust and insensitive to many 
environmental conditions. Fuel cell hybrid systems, by 
contrast, are much more sensitive to temperature, vibration, 
shock, debris, moisture and the like and hence the appli 
cant’s invention has been engineered to address such envi 
ronmental factors, as discussed further below. 

[0046] The general layout of the applicant’s hybrid power 
supply apparatus 30 is illustrated in FIG. 3. Apparatus 30 
includes an external housing 32 which encloses a hybrid 
power subsystem generally designated 34. The various com 
ponent parts and features of subsystem 34 are described in 
detail below. Housing 32 further includes an exposed end 
panel 36 which is accessible when apparatus 30 is in use (i.e. 
corresponding to the exposed end face 14 of a conventional 
battery 10). Subsystem 34 is preferably air-cooled. In the 
illustrated embodiment, an air inlet 38 and an exhaust outlet 
40 are located on housing panel 36. As discussed further 
below, hybrid apparatus 30 is con?gured to ensure that the 
temperature of housing 32, and the exhaust expelled from 
outlet 40, is kept within safe limits to avoid operator injury. 
As shown in FIG. 4, air inlet 38 and outlet 40 may optionally 
be covered by a conventional grill or de?ector shield 78 to 
?lter debris and ensure the exhaust gas stream is ergonomi 
cally located for operator comfort. 

[0047] Afuel inlet 42 is also provided on housing panel 36 
for delivering fuel from a fuel source to hybrid power 
subsystem 34. In the illustrated embodiment, fuel inlet 42 is 
connectable to a fuel storage chamber 50 located within 
housing 32. In use, fuel is delivered from storage chamber 
50 to subsystem 34 to generate electrical power which is 
delivered to a power output 44 connectable to a load, such 
as the drive system of a lift truck 20. 

[0048] The housing 32 of FIGS. 2-5 is box-shaped to ?t 
within the space constraints of a conventional battery tray 28 
However, as will be apparent to a person skilled in the art, 
housing 32 could be any geometric shape provided that it is 
safely compatible with tray 28 and is ergonomically con 
nectable to the vehicle electric drive system. For example, 
the electrical interfaces of power output 44 could be exposed 
at different locations to ergonomically mate with the elec 
trical sub-system of the particular vehicle (or other load 
device) in question. 

[0049] As mentioned above, the weight characteristics of 
applicant’s apparatus 30 preferably simulate a conventional 
battery 10 to avoid the need for vehicle modi?cation. Hybrid 










