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POWER SUPPLY SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S.
Provisional Application Serial No. 60/662,418, filed March
16, 2005, which is hereby incorporated herein by

reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a power supply
system, and more particularly, a power supply system that
can be used, for example, in conjunction with a hybrid

electric vehicle.
2. Background Art

Cylindrical battery cells, which are used in a
variety of applications, have standardized sizes, are
relatively inexpensive, and are commonly available. All
of these qualities make them good candidates for mass
production high voltage batteries. Their cylindrical
shape does, however, create a number of challenges when
they are combined in large quantities to create a high
voltage battery. For example, the individual battery
cells need to be electrically connected to each other,
which can create a large number of electrical connections
adding cost and weight to the battery assembly. Moreover,
the individual battery cells are usually grouped together
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in various arrangements that are heavy and unwieldy, and
may require lift assist devices to move them.

One way to avoid using a large number of
connecting bars between adjacent battery cells, is to
place the batteries in long rows in an end-to-end
configuration. One problem with this approach is that
each individual battery cell has a length that is subject
to a manufacturing tolerance. The greater the number of
cells placed in a single row, the greater the possible
variation in the overall length of the row. This problem,
caused by tolerance stack up, can lead to misalignment of
the terminals of the batteries at the ends of the rows.

In addition to variations in the length of the
battery cells, the tolerance stack up problem can be
exacerbated by differences in the sizes of any
interconnecting components. Thus, it may be difficult to
connect two adjacent rows of batteries to each other if
one of the rows is significantly longer than the other.
Moreover, it is desirable to have uniform contact between
a battery terminal and a connector to ensure an electrical
connection with sufficiently low resistence. Such uniform
contact can be difficult or impossible to achieve with
unaligned terminals.

Conventional battery cell arrangements also have
other disadvantages. For example, service personnel may
be exposed to high voltage when attempting to access one
or more of the individual battery cells. This may be
particularly problematic because of the large number of
exposed battery connections required to electrically
connect the individual cells together. In addition, it is
desirable to cool éach of the battery cells in such a way
as to minimize temperature difference between the cells.

This is very difficult in conventional battery

-arrangements.--where-some--of-the—cells--typically-receive-
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greater cooling than other cells depending on their
proximity to the cooling source. Some battery
arrangements even require a secondary structure, such as a
battery compartment wall, to form a portion of a plenum or
other duct used in the cooling process. This means that
any change to the battery structure, or moving the battery
assembly to another location, necessarily changes the
cooling mechanism. This lack of flexibility is
undesirable in many applications, and in particular, in
hybrid electric vehicles (HEV's), where flexibility of
design is important.

In addition to the configuration of the battery
assembly itself, or its location, other factors can affect
uniform cooling of the battery cells. For example, it may
be desirable to have a number of different temperature
sensors in different locations in a large battery cell
arrangement. More desirable still would be to have such
temperature sensors directly in contact with one or more
battery cells, such that temperatures of the cells could
be measured directly.

In conventional battery arrangements,
temperature sensors are often placed on a battery housing,
such that the temperature of the battery cells is not
measured directly. Rather, the temperature of the battery
housing is méasured, and some correction factor must be
used to estimate the temperature of the nearby battery
cells. TIf, however, a temperature sensor is placed in
contact with a battery cell, or in very close proximity to
the battery cell, the sensor can interrupt the airflow
around the battery cells, causing non-uniform airflow and
undesirable differences in the temperatures of the battery
cells.

Therefore, it would be desirable to have a power

supply-system-able-to-overcome-some-or-all—-of-the
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shortcomings of conventional power supply systems, such as

those discussed above.

SUMMARY OF THE INVENTION

One advantage of the present invention is that
it allows cylindrical battery cells to be pre-assembled in
relatively small, rectangular packages, which are easily
stacked and otherwise fit together to make a larger
battery.

Another advantage of the present invention is
that the small packages of cells can each be made
relatively low voltage, which increases safety. Moreover,
higher voltage devices may require an insulating wrap,
which is not necessary with embodiments of the present
invention.

The present invention provides a power supply
system in which individual battery cells can be connected
in rows in an end-to-end fashion to form a battery module.
A number of these battery modules can be placed into a
housing, to form a "brick", which is a basic building
block that can be used to create a larger battery
assembly. In order to eliminate the problem of tolerance
stack up with regard to adjacent battery modules, the
brick can be formed in such a way as to include a locating
device for some or all of the battery cells within a
battery module. The locating devices can be appropriately
spaced such that the variation in length of a battery
module is minimized. This helps to ensure that the
terminals disposed at the ends of each battery module are
positioned at an appropriate distance from the end of the
brick so they can be easily connected to adjacent modules

within the same brick or an adjacent brick.
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The invention also provides a system for
electrically connecting a large number of modules together
to provide a high voltage output, wherein service
personnel are exposed to only a small fraction of the
overall output voltage. The present invention uses
terminal connectors, or interconnects, which, in addition
to connecting adjacent cells or modules to each other,
also cover the electrical connection of another set of
cells or modules. Thus, the first pair of cells or
modules must be disconnected from each other before access
can be gained to the connection of the adjacent pair of
cells or modules. In this way, a large battery assembly
must be disconnected piecewise such that the only
terminals exposed are those having a very low voltage
potential across them.

Although the bricks of the present invention can
be formed in any convenient shape effective to create a
desired power supply system, some bricks may have curved
outer surfaces which generally match the curved outer
surface of the individual battery cells. This helps
reduce material costs and weight of the bricks, which may
be otherwise present if the outer surfaces were
rectangular. In addition, the empty space beyond the
curved outer surface facilitates air to flow to and from
the battery cells during cooling. Such use of space also
offers smaller packaging volume options. Having a curved
outer surface, however, presents challenges with regard to
connections with other bricks.

Certain embodiments of the present invention may
include small channels disposed on the curved surfaces of
the outside of the bricks. The channels can protrude out
from a surface of the bricks, or they can be formed as
holes in the brick surface. These channels are configured

to—be—aligned-with—similar-channels—on—-other-bricks-when
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they are placed adjacent to each other. 1In this way,
these small channels can form a larger channel configured
to receive a tie-rod which can be used to hold adjacent
bricks together. Specifically, the bricks may include one
or more channels on a top portion, as well as one or more
channels on a bottom portion. Tie-rods are then placed in
each of these channels, and attached to end plates to form
a group of bricks, which can include any convenient number
of adjacent bricks.

The bricks in some embodiments may be configured
with an internal airflow channel or channels such that the
airflow in the channel will be unaffected by the presence
of adjacent bricks, or the presence of an external
structure, such as a battery compartment wall. At the
same time, the brick may include an external channel
configured to cooperate with an external channel on an
adjacent brick to form an intermnal channel between two
bricks. 1In this way, a large quantity of bricks can be
placed adjacent to each other, with the majority of
airflow being through internal channels that are
unaffected by external structures. Thus, when different
numbers of bricks are assembled, redesign is not required
to provide adequate airflow, which will be generally
uniform regardless of the number of bricks used.

The bricks can also be configured to receive
temperature sensors at various locations along their
length. These "sensor stations" can be configured to
contact the battery cells that are placed inside the
bricks. This configuration provides a number of
advantages. First, by having the sensor station extend
inside the brick to touch the battery cell, the airflow
through the brick and around the battery cell will be the
same regardless of whether a temperature sensor is placed

+nthesensor-station; or whether—the—sensor—-station—is
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empty. This allows a great deal of flexibility, because
temperature sensors can be placed at some or all of the
sensor stations without affecting the airflow through the
brick. Moreover, this configuration provides a more
accurate measurement of temperature, because the
temperature sensors are effectively shielded from the
airflow, and therefore measure the temperature of the
battery cells directly.

The invention also provides a power supply
system that includes a plurality of power supply units.
Each of the power supply units has a respective nominal
voltage and a pair of terminals. The terminals of at
least some of the power supply units are electrically
connected to respective terminals of other power supply
units. This forms a group of power supply units having a
nominal voltage greater than the nominal voltage of any of
the power supply units in the group. The power supply
system also includes a housing configured to receive the
power supply units therein, such that at least some of the
power supply unit terminals are accessible for making
electrical connections. The system also includes a
plurality of terminal connectors, each of which is
configured to effect an electrical connection between two
of the terminals of respective power supply units, and at
the same time, inhibit access to two other of the
terminals of respective power supply units. Each of the
terminal connectors is further configured to facilitate
access to the two other of the terminals after the
electrical connection between the two terminals is
removed. This facilitates selective access to the
terminals of the power supply units in the group, such
that less than the nominal voltage of the group of power

supply units is seen across ahy of the exposed terminals.
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The invention further provides a housing
configured to provide an airflow path around each of the
power supply units in the housing. The housing includes a
plurality of sensor stations, each of which interrupts at
least a portion of the airflow around the power supply
units. Each of the sensor stations is configured to
receive a respective sensor therein, such that the
respective sensor can contact a respective one of the
power supply units to determine a parameter associated
with the respective power supply unit. Each of the sensor
stations is further configured to interrupt the airflow in
substantially the same manner whether or not a sensor is
received in the sensor station.

The invention also provides a plurality of
housings, each of which has an interior and an exterior.
Each of the housings includes a plurality of generally
tubular compartments configured to receive the power
supply units therein. Each of the compartments includes a
circumferential discontinuity forming an open channel
along a length of a respective compartment for providing
an air flow path across a power supply unit in the
respective compartment. Each of the housings is
configured such that at least one of the channels is
oriented toward a respective housing interior, and at
least one of the channels is oriented toward a respective
housing exterior. Each of the housings is further
configured to cooperate with another one of the housings
to form a common interior therebetween. One of the
exteriorly oriented channels from each of the cooperating
housings is oriented toward the common interior.

The invention further provides a power supply
system that includes a plurality of generally cylindrical
power supply units, each of which has two ends disposed

opposite—each-other:——Each -of-the-power-supply-units
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includes a terminal disposed at one of the ends, and
another terminal disposed at the other end. A housing
includes a compartment having two at least partially open
ends. The compartment is configured to receive a
predetermined number of the power supply units in an end-
to-end orientation, such that one of the terminals on one
of the power supply units is adjacent one end of the
compartment, and one of the terminals on another one of
the power supply units is adjacent the other end of the
compartment. The compartment includes at least one
locating device configured to cooperate with at least one
of the power supply units in the compartment to position
the at least one power supply unit such that each of the
terminals adjacent one of the ends of the compartment is
within a predetermined distance of its respective
compartment end.

The invention also provides a plurality of
housings for receiving the power supply units, where each
of the power supply units has a generally circular cross
section. Each of the housings has an interior and an
exterior, and includes a generally tubular compartment
configured to receive a predetermined number of the power
supply units therein. The exterior of each of the
housings includes a channel disposed at a predetermined
distance from an end of the compartment, such that
respective channels on the adjacently disposed housings
are generally aligned with each other. The system also
includes a tie-bar disposed within the channels, and a
pair of end plates configured to cooperate with the tie-
bar to trap the housings therebetween, thereby forming a

group of housings.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1 shows a perspective view of a power
supply system including a battery brick in accordance with
the present invention;

Figure 2 shows a plurality of the battery bricks
positioned adjacent to each other;

Figure 3 shows a manifold used to distribute air
through a number of the battery bricks positioned adjacent
to each other;

Figure 4 shows an interior surface of a battery
brick, including a number of projections configured to
increase turbulence in cooling airflow;

Figure 5 shows an alternative embodiment of a
power supply system including a battery brick in
accordance with the present invention;

Figure 6 shows a side view of a battery brick
and one method of mounting the brick to a plate structure;

Figures 7A and 7B show a mounting configuration
for a battery brick onto a portion of a battery
compartment structure;

Figure 8 shows a second alternative embodiment
of a power supply system including a battery brick in
accordance with the present invention;

Figure 9 shows a plurality of the battery bricks
shown in Figure 8 attached to each other using tie-rods
and end plates;

Figure 10 shows a portion of a battery brick
including a channel for receiving a tie-rod;

Figure 11 shows an exploded view of the battery
brick shown in Figure 8;

Figure 11A shows a portion of a battery cell,
including a negative battery terminal, and an insulator
configured to be used on the negative terminal;

Figure 12 shows a cutaway of a portion of the

battery-brick shownin Figure 87
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Figure 13 shows a cross section of a third
alternative embodiment of a battery brick housing in
accordance with the present invention;

Figure 14 shows a perspective view of the
battery brick housing shown in Figure 13, after the
housing is assembled;

Figure 15 shows the arrangement of battery
bricks shown in Figure 9, having terminal connectors being
attached thereto;

Figures 16 and 17 illustrate removal of the
terminal connectors shown in Figure 15 to eliminate
exposure to high voltage terminals;

Figure 18 shows a rear portion of the battery
brick arrangement shown in Figure 15, with a single
terminal connector being attached to the battery terminals
on the rear portion of the bricks;

Figure 19 shows an alternative embodiment of the
terminal connectors shown in Figure 15;

Figure 19A shows a battery cell terminal usable
with the terminal connectors shown in Figure 19;

Figure 20 shows a cross section of the battery
brick shown in Figure 8, including locating devices for
locating the battery cells within the battery brick
housing;

Figure 21 shows a detail of one of the locating
devices shown in Figure 20;

Figure 22 shows a detail of a sensor station
formed on the battery brick shown in Figure 8}

Figure 23 shows an alternative embodiment of‘a
portion of a sensor station for a battery brick housing in
accordance with the present invention; and

Figure 24 shows the complete sensor station with
a temperature sensor installed for the sensor station

shown—in-Figure23+

“11-



10

15

20

25

30

WO 2006/099602 PCT/US2006/009891

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Figure 1 shows a power supply system 10 in
accordance with one embodiment of the present invention.
The power supply system includes a plurality of power
supply units, or battery cells 12, arranged in a housing
14, thereby forming a brick 15. As shown in Figure 1, the
battery cells 12 are generally cylindrical, having a
generally circular cross section. The housing 14 includes
four generally tubular compartments' 16, 18, 20, 22
configured to receive the battery cells 12.

As shown in Figure 1, each of the compartments
16, 18, 20, 22 is arranged to receive four of the battery
cells 12 configured in an end-to-end configuration. For
convenience, a group of the battery cells 12 disposed in
an end-to-end configuration may be conveniently referred
to as a module. Although the housing 14 shown in Figure 1
is configured to receive four battery modules, for a total
of 16 of the battery cells 12, it is understood that the
present invention includes housings capable of receiving a
greater number of, or fewer of, the battery cells 12 than
the housing 14 shown in Figure 1. Indeed, battery modules
may also contain greater than, or fewer than, four battery
cells. 1In the case where a battery module contains only a
single battery cell, each battery cell is also a battery
module. It should be clear from the foregoing discussion
that the terms "battery module" and "brick" are used for
convenience, and do not necessarily imply a certain number
of power supply units, or battery cells.

The housing 14 can be viewed in cross section as
a pair of "Figure 8" containers disposed adjacent to each
other. TUnlike a true "Figure 8", however, the cross
section of the housing 14 includes curves that are not

completely—closed+-—For-example;-each of -the-compartments-
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16-22 includes a circumferential discontinuity, or channel
24, 26, 28, 30, which is disposed along a length (L) of
the housing 14. Two of the channels 24, 28 are oriented
toward an interior 32 of the housing 14, while the other
two channels 26, 30 are oriented toward an exterior 34 of
the housing 14.

Ag shown in Figure 1, the interior 32 of the
housing 14 defines an airflow path, into which cooling air
can enter, flow around the battery cells 12 in the
compartments 16,20, and then leave the housing 14 through
apertures 36 formed in a wall 38 of the housing 14.
Although not visible in Figure 1, it is understood that
each of the compartments 16-22 include apertures 36 to
facilitate airflow. Moreover, it is possible to move air
into the compartments 16-22 through the apertures 36, such
that the air exits the housing 14 through the interior 32.
The apertures 36 can be all the same size, or they can be
specifically sized, or "tuned", to provide more or less
registence to airflow. Moreover, apertures, such as the
apertures 36, need not be slots} rather, they can be any
shape effective to facilitate the desired airflow--e.g.,
round or elliptical holes.

Utilizing the interior 32 of the housing 14 for
the cooling airflow, helps to insure that the airflow will
be unaffected regardless of where the brick 15 is
installed. Although the channels 26, 30 are open to the
exterior 34 of the housing 14, and therefore may be
subjected to differing airflows depending on where the
brick 15 is installed, it is contemplated that the brick
15 will be used in conjunction with other bricks so the
majority of airflow will be through interior spaces.

Figure 2 provides a clear example of this, in
which five of the bricks 15 are disposed adjacent to each

other.-—Each- of-the-bricks-15-ineludes—its—own—interior
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portion 32, and also includes a common interior portion 40
which is formed by the exterior facing channels--such as
the channels 26, 30 shown in Figure l--when the bricks 15
are moved adjacent to each other. Two of the common
interior spaces 40, shown in Figuré 2, are shown with a
dashed line, indicating that they are not yet formed, but
will be formed when the bricks 15 are moved directly
adjacent to each other. As explained more fully below,
the present invention includes different arrangements of
bricks, such as the bricks 15, to form larger power supply
systems, and in particular, high voltage batteries, for
use in various applications. With the arrangement of
bricks 15 shown in Figure 2, only the outer most open
channels 26,-30 are oriented to the exterior 34 of the
brick housings 14. Thus, the majority of cooling airflow
will be through the interiors 32, 40 of the bricks 15.

In order to facilitate proper distribution of
cooling air through the bricks 15, a manifold, such as the
manifold 42 shown in Figure 3, may be used. In Figure 3,
an array of bricks 15 is illustrated schematically, along
with interior portions 32, 40 forming air intakes for the
bricks 15. The manifold 42 is configured to receive air
from an airflow source, such as a duct 44. The duct 44
may be connected to a fan or other cooling system to
provide air to the bricks 15 at some desired temperature.
This configuration is for a "push" air flow. The present
invention also contemplates a "pull" air flow, where a fan
is located downstream of the brick array.

The manifold 42 includes a plurality of channels
46, each of which is associated with one or more of the
bricks 15. The channels 46 can be configured to be all
the same width, or they can be specifically configured to
have different widths to accommodate different levels of

airflowr—Other—structures-can-be-used-to-deliver-air-to —-—
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an array of bricks--e.g., a manifold without channels, a
plenum, or a duct.

In addition to the manifold 42, the power supply
system 10 can also increase cooling efficiency by creating
turbulence in the airflow surrounding the battery cells
12. Figure 4 shows a portion of an interior surface 47 of
the wall 38 shown in Figure 1. Facing the battery cells
12 is a series of protrusions, or turbulators 48, which
are configured to disrupt the airflow and cause turbulence
therein. This increases the convective cooling of the
battery cells 12. Such a wall configuration can be
formed, for example, during a molding process in which the
housing 14 is injection molded. Turbulators having other
shapes, for example, spirals, can also be used to increase
turbulence in the airflow.

As noted above, the design of the housing 14,
shown in Figure 1, is only one such housing contemplated
by the present ihvention. Figure 5 shows a brick 50
having a closed housing 52. Like the housing 14, shown in
Figure 1, the housing 52 includes four compartments 54,
56, 58, 60, for receiving battery cells 12. Each of the
compartments 54-60 includes a respective channel 62, 64,
66, 68. Unlike the channels 24-30, shown in Figure 1,
however, the channels 62-68 each open to an interior 70 of
the housing 52. Similar to the housing 14, the housing 52
includes apertures 72 to facilitate the movement of
airflow across the battery cells 12. Although only four
of the apertures 72 are visible in Figure 5, it is
understood that each of the compartments 54-60 includes
its own apertures 72. The housing 52 also includes a
number 6f other cavities 74, 76, 78, 80, 82, 84, 86
configured to reduce the amount of material used in
manufacturing, and to avoid thick plastic sections prone

to-sinks-and-voids~
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The housing 52 also includes a number of
features configured to allow the housing 52 to cooperate
with similarly configured housings as the bricks 50 are
formed into an array. For example, a projection 88 and a
recess 90 are configured to cooperate with complementary
features on the housing of a brick stacked on top of the
brick 50. Similarly, each side of the brick 50 includes a
projection 92 and a recess 94 configured to cooperate with
bricks that are placed adjacent to the brick 50.

Briefly returning to Figure 2, it is shown that
the housings 14 include similar features. For example,
each of the housings 14 shown in Figure 2 has a plurality
of projections 96 and a plurality of recesses 98 on a top
portion of the exterior 34. Similarly, the sides of each
of the housings 14 includes projections 100 and recesses
102 configured to mate with complementary features on the
housings 14 of adjacent bricks 15. As discussed in more
detail below, these interlocking features can be helpful
when arranging a number of individual bricks to form an
array.

Depending on the application, it may be
desirable to mount individual bricks, or an array of
bricks, to the floor or wall of a structure, such as a
battery compartment. Figure 6 shows one such arrangement
for a battery brick 104. The battery brick 104 includes
mounting features 106, 108, 110, 112, which can be molded
directly into a housing 114. As shown in Figure 6, a
floor 116 of a battery compartment is configured with a
rear toe clip 118 which may be, for example, welded
directly tg the floor 116. The mounting feature 106 is
easily slid into the rear toe clip 118 to position the
battery brick 104 in its desired location. A front toe

clip 120, which is removable from the floor 116, is then
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used to secure a front one of the mounting features 112
with a fastener arrangement 1272. '

Figures 7A and 7B illustrate another way in
which a battery brick 124 can be mounted to a structure
such as a battery compartment 125. The battery
compartment 125 includes a wall 126 and a floor 128. The
battery brick 124 is configured somewhat differently than
the battery brick 104 shown in Figure 6. For example, the
battery brick 124 includes a flange 130 having a pair of
mounting holes 132, 134 disposed therethrough. 1In the
embodiment shown in Figures 7A and 7B, the floor 128 of
the battery compartment 125 is made from sheet metal, and
is configured to hold a weld nut 136--gee Figure 7B. The
wall 126 of the battery compartment 125 includes a V-notch
138 configured to mate with a corresponding V-notch 140
formed in a rear portion of the battery brick 124.

As shown in Figures 7A and 7B, a single fastener
142 can be used to securely mount the battery brick 124 to
the battery compartment 125. As the fastener 142 is
threaded into the weld nut 136, it draws the battery brick
124 rearward such that the V-notch 138 in the wall 126
mates with the V-notch 140 in the battery brick 124,
thereby properly locating the battery brick 124. BAs
discussed in more detail below, proper location of battery
bricks may be important, particularly when it is desired
to electrically connect a number of battery bricks to form
a high voltage array.

Figure 8 shows a battery brick 144 which can
form at least a part of a power supply system in
accordance with the present invention. The battery brick
144 includes a housing 146. having an exterior 148. As
shown in Figure 8, a portion of the exterior 148 is
curved, generally matching the cylindrical shape of the

batterymcellswlSO“disposedwthereinﬁwmwhenweompafed~te~a
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housing that is generally rectangular on its exterior, the
configuration of the housing 148 may help to reduce the
amount of material required to produce it. The curved
exterior 148 does, however, make it more difficult to
stack a number of the battery bricks 144 on top of each
other to form an array. To overcome this issue, the
exterior 148 of the housing 146 includes a number of small
channels 152, 154, 156, 158. The channels 152, 158 are
located on a top portion of the housing 148, and the
channels 154, 156 are located on a bottom.portion of the
housing 148. Each of the channels 152-158 is configured
to receive a tie-rod which can be used to help adjoin a
number of the bricks 144 adjacent to each other.

Moreover, in some embodiments, the tie-rods can be shared
between two rows of bricks, depending on the depth of the
channels 152-158.

Figure 9 shows an array of the battery bricks
144 located adjacent to each other. Each of the bricks
144 includes a pair of channels 152, 158 having a
respective tie-rod 162, 164 disposed therein. Fastened to
one of the tie-rods 162, 164 is an end plate 166 which
cooperates with another end plate (not shown) to capture
the battery bricks 144 therebetween. It is understood
that there are two additional tie-rods disposed on a lower
portion of the array 160, not visible in Figure 9.

As shown in Figure 9, the channels 152, 158 are
relatively shallow compared to the tie-rods 162, 164. 1In
guch a case, it may be possible to have a single tie-rod
between battery bricks which are stacked one on top of the
other. For example, returning to Figure 8, if a single
tie-rod was used in the channels 158 along the top side of
a series of the bricks 144, and a single tie-rod was used
in the channels 154 of the bricks 144, end plates, such as

the—end plate-166-shown in-Figure—9-could-effeectively
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capture the bricks 144 between them. This would leave the
channels 152 and 156 unused, such that they could mate
with tie-rods that were holding another set of the battery
bricks 144 together in a second array.

Alternatively, channels, such as the channels
152-158 can be relatively tall, such that each row of
battery bricks uses tie-rods in each of its respective
channels, and the channels keep the layered rows of
battery bricks offset from each other far enough to ensure
that the tie-rods do not interfere with each other.
Figure 10 shows one such arrangement, in which a channel
168 is taller than a corresponding tie-rod 170, shown in
Figure 10 in phantom. In addition to being taller than
the tie-rod 170, the channel 168 also includes locating
features 172 adjacent the tie-rod 170. The locating
features 172 mate with complementary locating features on
another channel, when two battery bricks, or rows of
battery bricks, are stacked one on top of the other. This
helps to make assembly of large numbers of bricks a
relatively fast and efficient process. .

Returning briefly to Figure 8, the battery brick
144 is shown to include an interlocking feature 174 that
includes a projection 176 and a recess 178. The
projection 176 and recess 178 are configured to cooperate
with complementary projections and recesses on adjacent
battery bricks, so that when an array, such as the array
160 shown in Figure 9, is formed, the battery bricks 144
are properly aligned with each other. As discussed in
conjunction with Figure 2, the projections 100 and
recesses 102 serve a similar function.

One difference between the interlocking features
176, 178 shown on the bricks 144 in Figure 9, and the
interlocking features 100, 102 on bricks 15 shown in

Figure 2, is that the interlocking features-100.1-02—atlow-
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some front-to-back movement of the bricks 15 after they
are placed adjacent to each other. This may be helpful to
help correct any alignment deficiencies prior to the
bricks 15 being locked together, for example, with tie-
rods and end plates. In addition, the configuration of
the interlocking features 100, 102 also facilitates the
removal of a single brick 15 from an array of the bricks.
For example, if an array of bricks 15 is held together
with tie-rods and end plates--such as the tie-rods 162,
164 and end plates 166 shown in Figure 9--a single one of
the bricks 15 can be removed from the array by loosening
the tie-rods and sliding the brick out, away from the
array.

A battery brick housing, such as the housing 14
shown in Figure 1, or the housing 146 shown in Figure 8,
can be formed by any method or methods effective to create
the desired structure. For example, the housing 14 shown
in Figure 1, or slight variations thereof, may be extruded
in long sections, and later cut to length. Apertures,
such as the apertures 36, could be formed in a secondary
operation. Alternatively, a housing, such as the housing
14 could be injection molded, thereby eliminating some or
all of the secondary processes required after an extrusion
process.

Figure 11 shows an exploded view of the battery
brick 144, and illustrates that the housing 146 is made
from two pieces 180, 182, which are configured to snap
together. A close examination of the two pieces 180, 182
reveals that they are the same component, with one
oriented upside down from the other. For example, the
first piece 180 includes male tabs 184, 186 configured to
mate with tab retainers 188, 190 on the second piece 182.
At the bottom of the second piece 182, however, are the

same-male—tabs—184;186-configured—to-mate-with-tab
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retainers 188, 190 on the bottom of the first portion 180.
Thus, a single mold may be used to create the two-piece
housing 146 for the battery brick 144. Of course, a two-
piece housing, such as the housing 46, can also be made
from two different pieces, for example, formed in two
different molds.

Figure 12 shows some details of the two pieces
180, 182 of the housing 146. For example, edges 188, 190
of the two pieces 180, 182, are formed with small V-
notches to mate with complementary V-notches on adjacent
battery bricks. Using these V-notches creates a high
resistance airflow path, such that air blown toward the
face of the brick 144, will enter an interior portion 192,
rather than flowing between adjacent bricks 144. This
helps to keep the cooling airflow moving across the
battery cells 150, rather than on the outside of the
housing 146 where it is less effective. 1In addition, a
mating V-notch 194 is also formed where the two pieces
180, 182 meet. Again, this helps to force airflow through
the interior 192 of the housing 146.

Although Figures 11 and 12 illustrate one
convenient method for forming a housing, such as the
housing 146, the housing of a battery brick can also be
formed as a single piece that includes one or more living
hinges. Figure 13 shows one such arrangement, for a
battery brick housing 194. The housing 194 includes first
and second main portions 196, 198, which are held together
by a living hinge 200. A locking arm 202 is attached to
the second portion 198 through a second living hinge 204.
Figure 14 shows the housing 194 snapped together, and
further illustrates that a plurality of the locking arms
202 are disposed along a length of the housing 194.

Returning to Figure 11, it is shown that each of

the battery cells 150 includes two.-terminals.- 206+ 208
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disposed at opposite ends of the respective battery cell
150. The terminals 206 are positive electric terminals,
and the terminals 208 are negative electric terminals.
Each of the positive electric terminals 206 is fitted with
an insulator 210 which, in the embodiment shown in Figure
11, is a two-piece structure, including a cap 212 and a
ring 214. The insulators 210 cover a portion of the
positive terminal 206 of one battery cell 150, and a
portion of the negative terminal 208 of an adjacent
battery cell 150. In addition to providing electrical
insulation, the insulators 210 also act as spacers to
control the air gaps and alignment of the battery cells
150.

The housing 146 includes first and second ends
216, 218. As noted above, a battery brick can contain any
number of battery cells effective for the intended use.

In the battery brick 144 shown in Figure 11, eight of the
battery cells 150 are used in two adjacent rows, with each
row of four battery cells 150 forming a battery module.
For each of the battery modules, the first and last
battery cell 150 will have one of itsg terminals adjacent a
respective end 216, 218 of the housing 146. Terminal caps
219, 221 are used to extend the terminals 206, 208 of the
battery cells 150 outside of the housing 146 so that
adjacent bricks 144 can be electrically connected to each
other.

Although the negative terminals 208 of the
battery cells 150 that are adjacent the ends 216, 218 of
the housing 146 do not have insulators 210 on them, it may
be convenient to provide a negative terminal insulator at
the end of a module. This can help equalize airflow
around battery cells, such as the battery cells 150. It
can also help distribute a force, for example, a force

appliedmexternallywto_theﬁbatteﬁywbriekTwmozeﬂeveniyr
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across the battery cells when a number of battery bricks
are stacked on top of each other. For example, Figure 11A
shows one of the terminal caps 221 over a negative
terminal 208 of a battery cell 150. A negative terminal
insulator 223 is configured to fit over the terminal cap
221. As shown in Figure 112, the insulator 223 has a
thickness (t) which is generally the same as the thickness
(t) of the terminal cap 221. This allows the insulator
223 to be placed over the terminal cap 221 without adding
length to the module.

Although some of the battery cells may have a
very low nominal voltage--e.g., 1.2 volts--it is possible
to have higher voltage battery cells. Moreover, even if
an individual battery cell has a relatively low voltage,
electrically connecting a large number of the low voltage
battery cells together can create a power supply system
having a high nominal voltage. In such a case, it may be
desirable to limit access to some of the terminals of the
battery cells 150, such that, for example, service
personnel are exposed to only a fraction of the nominal
voltage of the power supply system.

Figure 15 shows the array 160 with the battery
bricks 144 in the process of being electrically connected
to each other. Shown in Figure 15 is a plurality of
terminal connectors 220. Each of the terminal connectors
220 includes a first portion 222 and a second portion 224.
The first portion 222 includes a bus bar (not visible in
Figure 15) that allows an electrical connection to be made
between two adjacent terminals, for example, terminals
226, 228. The second portion 224 of each of the terminal
connectors 220 effectively inhibits access to adjacent
terminals, such that, for example, the terminals 226, 228
must be disconnected from each other before the terminal

connector 220 can be removed to allow access to the
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terminals adjacent the terminals 226, 228. This is
explained more fully below in conjunction with Figures 16
and 17.

Figure 16 shows an array 230 consisting of one
row of battery bricks 232. In the example shown in Figure
16, each of the bricks 232 includes four modules 234
consisting of four battery cells each (not separably
visible). In Figure 16, each of the battery cells are
connected in series, and each of the battery modules 234
are also connected in series to other battery modules 234.
Therefore, the nominal voltage of the array 230 is much
higher than the nominal voltage of each individual battery
cell.

The battery cell terminals in a front portion
236 of the bricks 232 are electrically connected to each
other with bus bars 238. Similarly, battery terminals in
a rear portion 240 of the bricks 232 are electrically
connected to each other with bus bars 242. With the
electrical connections shown in Figure 16, the entire
nominal voltage of the array 230 will be seen across
battery terminals 244, 246. The terminal connectors 220
shown in Figure 15 can help limit exposure to the high
voltage of a battery array, such as the array 230. For
example, the terminal connectors 220 can be attached to
the front terminals of the bricks 232 such that the
terminal connectors 220 must be removed sequentially
starting at the terminals on the far left brick (as shown
in Figure 16) labeled 232‘.'

As shown in Figure 15, the terminal connectors
220 work with four adjacent battery terminals. Because it
is desirable to have the last set of terminals 244, 246
accessible to make an electrical connection, the first set
of terminals 248, 250 on the first brick 232' have a

separate—electrical—terminal—-connector:—-For-the-remainder
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of the front battery terminals of the bricks 232, the
terminal connectors 220 can be used. Although the
terminal connectors 220 are configured to work with four
adjacent terminals, terminal connectors in accordance with
the present invention can be made to different lengths to
work with other numbers of adjacent battery terminals.

For example, break lines can be formed in the second
portions 224 of the terminal connectors 220 to facilitate
easy sizing for particular applications.

As shown in Figure 15, each of the terminal
connectors 220 overlaps an adjacent terminal connector 220
such that a first one of the terminal connectors 220 must
be removed prior to access and removal of an adjacent
terminal connector 220. In Figure 16, removal of the
first set of terminal connectors 220 from the first brick
232" exposes only a fraction of the nominal voltage of the
entire array 230. For example, removal of the first set
of terminal connectors 220 exposes the terminal
connections shown by a dashed line in Figure 16. If each
of the battery cells used in the array 230 are connected
in series, and each of these cells has a nominal voltage
of approximately 1.2 volts, the maximum voltage across any
of the exposed terminals--indicated by the dashed lines--
is approximately 20 wvolts. This is far less than the
total voltage of the array 230. The accessible voltage is
further reduced as more of the terminal connectors 220 are
removed from adjacent bricks 232. For example, in Figure
17, the exposed terminal connectors, again indicated by
dashed lines, have across them only 10 volts, again a
small fraction of the total nominal voltage of the array
230. This same voltage is seen across the exposed
terminals as each successive terminal connector 220 is

removed.
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Once the last of the terminal connectors 220 is
removed from the terminals on the front side 236 of the
bricks 232, each of the terminals on the rear side 240 of
the bricks 232 can be made accessible simultaneously:
without the connection on the front side of the bricks
232, there is no voltage across the terminals on the back
side 240. Thus, the terminal connectors 220 do not need
to be used on the back side 240 of the bricks 232, which
saves time when assembling and disassembling the array
230. Figure 18 shows the back side 240 of the bricks 232
in the array 230. A single terminal connector 252
contains all of the bus bars 242--see Figure 1l6--and snap-
on covers 254 can be placed over the terminal connector
252 after it is screwed in place with fasteners 256.
Although shown separately from the terminal connector 252
in Figure 18, snap-on covers, such as the covers 254, can
be molded onto the terminal connector 252, for example,
with a living hinge.

As discussed above, the terminal connectors 220
used on the front portion 236 of the battery bricks 232
require that adjacent pairs of terminals be disconnected
from each other, and from the array 160, prior to the
removal of adjacent terminal connectors 220. In additioh,
a terminal connector used on the rear portion 240 of the
battery bricks 232, such as the terminal connector 252
shown in Figure 18, can be configured such that it cannot
be removed until the last of the terminal connectors 220
is disconnected and removed from the front portion 236 of
the battery bricks 232. In this way, even i1f all of the
terminals on the rear portion 240 of the battery bricks
232 have welded-on terminal connectors, service personnel
are not exposed to high voltage, since the front terminals
must be disconnected before the rear terminals can be

aeccessed
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As shown in Figure 18, the terminal connector
252 is attached to battery terminals using threaded
fasteners 256. Of course, other fastening mechanisms can
be used to attach the terminal connector 252 to the
battery terminal. For example, on the rear portion 240 of
the array 230, a terminal connector or connectors can be
welded or press fit to the battery terminals to eliminate
the need for separate fasteners.

Figure 19 shows another type of terminal
connector, similar to the terminal connectors 220 shown in
Figure 15. 1In the array 160, shown in Figure 15, each of
the battery terminals includes a female threaded portion
configured to receive a male threaded fastener, such as
the fasteners 256. Alternatively, battery cells may have,
for example, a male threaded portion configured to receive
a female threaded fastener, such as a nut. Figure 19
shows a terminal connector 258 configured to accommodate
battery cells having male threaded terminals, such as the
male threaded terminal 259, shown in Figure 19A.

The terminal connector 258, like the terminal
connectors 220 shown in Figure 15, includes first and
second portions 260, 262. The first portion 260 is
configured to retain a bus bar 264 that facilitates an
electrical connection between two adjacent battery cells.
Shown schematically in Figure 19 are washer and nut
combinations 266, 268, which are held in place by nut
retainers 270, 272. Like the terminal connectors 220, the
terminal connector 260 has a second portion 258 which
inhibits access to an adjacent pair of battery terminals.
The adjacent pair of terminals is covered until the
nut/washers 266, 268 are removed, and the entire terminal
connector 258 is removed. Therefore, the two terminals
are electrically disconnected before the adjacent two

terminals under the second -portion-262-are—exposed-

~27~



WO 2006/099602 PCT/US2006/009891

10

15

20

25

30

Figure 19A shows one configuration for a male
threaded terminal 259 that can be used with terminal
connectors, such as the terminal connector 258. The male
threaded terminal 259 includes a threaded post 273,
configured to receive a nut and/or washer, such as any one
of the nut and washer combinations 266, 268 shown in
Figure 19. The male threaded terminal 259 is raised above
a battery cell vent cap 275 by four stanchiong 277, which
facilitate ventilation of battery cell 279. The terminal
259 includes a base 281 having an aperture 283 below the
stanchions 277. The base 281 is projection welded to the
vent cap 275 at points 282, aithough other types of
attacﬁments can be used.

Returning to Figure 19, a portion of a voltage
sensor 274 is shown. The voltage sensor 274 can be placed
between the bus bar and one of the nut/washers 266, 268.
The voltage sensor 274 can be connected to a small circuit
adjacent the battery cell, which can then send a signal to
a system controller, such as a vehicle system controller
(VSC) in a wvehicle. Similar voltage sensors 274 can be
connected at each of the terminal connectors 260, such
that multiple signals are sent to a VSC to indicate the
voltage of the battery modules in a large battery array.
This information is useful in determining, for example,
when battery maintenance is needed.

In order to facilitate a good connection between
adjacent battery terminals, for example, using a terminal
connector such as the terminal connector 220 shown in
Figure 15, or the terminal connector 258 shown in Figure
19, the battery terminals should be relatively aligned
with one another. For example, if the terminal 226 shown
in Figure 15 extends outward from its respective brick 144
significantly farther than the terminal 228 extends

outward-from.its respective -brick 144, attaching-the
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terminal connector 220 could be problematic. In
particular, the misalignment of terminals 226, 228 could
lead to a poor electrical connection. In order to address
this problem, the present invention uses one or more
locating devices to locate the battery cells within a
respective housing. '

Returning to Figure 11, it is shown that the
brick 144 includes two rows of four battery cells 150
each. When the battery cells 150 are manufactured, each
will have a nominal length subject to a manufacturing
tolerance. As a number of the battery cells 150 are
placed end-to-end relative to each other, the overall
length of the resulting battery module will have a
variation that is the sum of the manufacturing tolerances
of each of the battery cells 150 and the tolerances of the
terminal ends 219, 221, and any interconnectors used to
connect the battery cells 150. This phenomenon, known as
tolerance stack up, can result in an undesirable amount of
variation in the location of the battery terminals that
are adjacent to the ends 216, 218 of the housing 146. 1In
order to reduce the variation and the location of the
battery terminals, the housing 146 includes locating
devices 276 to locate individual battery cells 150 within
the housing 146.

As shown in Figure 20, the locating devices 276
include grooves formed into the housing 146, which are
configured to capture the insulators 210 to locate the
battery cells 150. 1In order to more firmly capture the
insulator 210 within the groove 276, each of the grooves
276 may contain a plurality of teeth 278, as shown in
Figure 21. As shown in detail in Figure 21, the ring 214
of the insulator 210 includes a plurality of smaller rings

280 which cooperate with the teeth 278 to firmly locate

the-battery —cells 150-within-the-housing-146——Using-
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- locating devices, such as the grooves 276 in the housing

146 helps to ensure that the battery terminals adjacent
the ends of the battery brick housing, such as the housing
146, will each be within a predetermined distance of the
end of the hqusing. This helps to ensure proper alignment
of the battery terminals as terminal connectors, such as
the connectors 220, are attached.

As discussed above, the present invention
provides a power supply system including a number of
mechanisms for ensuring airflow around battery cells to
facilitate cooling. Because uniformity of the airflow may
be important to the cooliﬁg process, and measurement of
the temperature of the battery cells provides reievant
information regarding the effectiveness of the cooling,
the present invention also provides a number of "sensor
stations" where temperature sensors can be used without
adversely affecting the uniformity of the cooling airflow.
For example, Figure 8 shows a number of sensor stations
282 disposed along a length of the battery brick 144.
Specifically, the sensor stations 282 are disposed on the
exterior 148 of the housing 146.

Each of the sensor stations 282 is configured to
interrupt the airflow around the battery cells 150 in
substantially the same manner whether or not a temperature
sensor is positioned within a respective sensor station
282. TFach of the sensor stations 282 includes an aperture
284 that allows a temperature sensor to enter the housing
146 and contact a surface of the battery cell 150. The
sensor stations 282 can be molded directly into the

housing 146, for example, in an injection molding process.

Figure 22 shows a detail of a sensor station 282
in the housing 146. Positioned on an interior portion 286

ofthe housing—146; -the sensor—station-282—includes-a-seal—
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288 configured to contact the outside surface of the
battery cell 150. Thus, as air flows around the outside
of the battery cell 150, its flow path is interrupted by
the seal 288 mating with the battery cell 150. The
airflow goes around the seal 288 and continues through the
interior 286 of the housing 146. Because the seal 288
contactg the battery cell 150, the airflow is interrupted
whether or not a temperature sensor is positioned within
the sensor station 282.

This configuration allows flexibility with
regard to the positioning of temperature sensors within a
battery brick, such as the brick 144, in that cooling
airflow is unaffected by the number of temperature sensors
actually installed in a particular battery system.
Moreover, the aperture 284 in each of the sensor stations
282, allows the temperature sensor to be placed in the
interior 286 of the housing 146, and in fact, allows the
temperature sensor to contact the outside surface of the
battery cell 150. This facilitates an accurate
measurement of the battery cell temperature. This is in
contrast to other battery temperature mechanisms, which,
for example, may measure the temperature of a battery
housing, and then use some formula to infer the
temperature of the battery cell.

As discussed above, some of the housings used in
power supply systems in the present invention can be
manufactured in an extrusion process. Use of a high
profile sensor station, such as the sensor stations 282 is
not conducive to such a process. Figure 23 shows an
alternative to the high profile sensor stations 282, shown
in Figure 8. Figure‘23 shows a portion of a battery brick
housing 290 that includes an aperture 292 in the form of a

slot, similar to the apertures 36 shown in Figure 1. As

'ﬁdtéd”abbveT“apertures*such“asWthese~can“be~addedﬂin“a~

-31-



10

15

20

25

30

WO 2006/099602 PCT/US2006/009891

secondary operation after a housing, such as the housing
290, or the housing 14 shown in Figure 1, is extruded.

Returning to Figure 23, the aperture 292 is
configured with a first portion 294 of a sensor station
configured to receive a temperature sensor. As shown in
Figure 24, a second portion 296 of the sensor station
snap-fits into the first portion 294 and is configured to
hold a temperature sensor 298. Also illustrated in Figure
24 is the configuration of the second portion 296 of the
sensor station, which allows an end 300 of the temperature
sensor 298 to contact a surface 302 of a battery cell 304.
This provides direct measurement of the temperature of the
battery cell 304.

Like the temperature stations 282, shown in
Figure 8, the second portion 296 of the temperature
station contacts the surface 302 of the battery 304 such
that air flowing around the battery cell 304 is
interrupted regardless of whether the temperature sensor
298 is installed. Again, this provides for uniform
airflow regardless of which of the temperature stations
have temperature sensors positioned in them. This also
effectively isolates the temperature sensor 298 from the
airflow, thereby providing a more accurate measurement of
the temperature of the battery cell 304. This provides an
advantage over conventional temperature measurement
techniques for battery configurations, which either rely
on an inferred temperature, or expose a temperature sensor
to the cooling airflow, which not only decreases the
accuracy of the temperature measurement, but also reduces
the uniformity of the cooling air flow.

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will

recognize-varitous—alternative-designs—and-embodiments -for- —
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WHAT IS CLAIMED:

1. A power supply system, comprising:

a plurality of power supply units, each having a
respective nominal voltage and a pair of terminals, the
terminals of at least some of the power supply units being
electrically connected to respective terminals of other of
the power supply units, thereby forming a group of power
supply units having a nominal voltage greater than the
nominal voltage of any of the power supply units in the
group;

a housing configured to receive the power supply
units therein such that at least some of the power supply
unit terminals are accessible for making electrical
connections; and

a plurality of terminal connectors, each of the
terminal connectors being configured to effect an
electrical connection between two of the terminals of
respective power supply units, and inhibit access to two
other of the terminals of respective power supply units,
each of the terminal connectors being further configured
to facilitate access to the two other of the terminals
after the electrical connection between the two terminals
is removed, thereby facilitating selective access to the
terminals of the power supply units in the group such that
less than the nominal voltage of the group of power supply
units is seen across any of the terminals access to which

is facilitated by the terminal connectors.

2. The power supply system of claim 1,
comprising at least three of the terminal connectors, and
wherein the terminal connectors are configured to

cooperate with each other such that:
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a first of the terminal connectors effects an
electrical connection between a first two of the
terminals, while inhibiting access to a second two of the
terminals,

a second of the terminal connectors effects an
electrical connection between the second.two terminals,
while inhibiting access to a third two of the terminals,
and

a third of the terminal connectors effects an
electrical connection between the third two terminals,

while inhibiting access to a fourth set of terminals.

3. The power supply system of claim 1, wherein
each of the terminal connectors includes a first portion
having a pair of apertures therein for facilitating access
to two of the terminals, and a second portion forming a

cover for two other of the terminals.

4. The power supply system of claim 3, wherein
the second portion of any of the terminal connectors is
configured to cover the apertures in the first portion of
any of the other terminal connectors when two of the

terminal connectors are disposed adjacent to each other.

5. The power supply system of claim 3, wherein
the first portion of each of the terminal connectors is
configured to receive a bus bar for effecting an

electrical connection between two of the terminals.

6. The power supply of claim 5, wherein the
first portion of each of the terminal connectors is
further configured to receive a pair of retainers for

respectively retaining a fastener to facilitate attachment

30--————of--the-terminal-connector-to-the—terminals~
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7. The power supply of claim 6, wherein at
least some of the terminal connectors includes a sensor
configured to determine the voltage of a respective power

supply unit.

8. The power supply system of claim 1, wherein
the group of power supply units has a first side and a
second side opposite the first side, one terminal of each
of the power supply units in the group being oriented
toward the first side, and the other terminal of each of
the power supply units in the group being oriented toward
the second side, and

wherein the terminal connectors comprise a first
type of terminal connectors and are disposed on the first
side of the group of power supply units, the power supply
system further comprising a second type of terminal
connectors, at least one of which is disposed on the
second side of the group of power supply units to effect
an electrical connection between at least one’pair of the

terminals of respective power supply units.

9. The power supply system of claim 8, wherein
the second type of terminal connector is configured such
that its removal from the second side of the group of
power supply units is inhibited until a last one of the
first type of terminal connectors is removed from the

first side of the group of power supply units.

'10. The power supply system of claim 1, wherein
each of the power supply units includes a plurality of
battery cells electrically connected to each other, each
of the battery cells including a pair of terminals, the
battery cells being arranged éuch that one of the

terminals—of -one-of-the-battery-cells-provides--one.of the
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terminals of a respective power supply unit, and one of
the terminals of another of the battery cells provides the

other terminal of the respective power supply unit.

11. A power supply system, comprising:

a plurality of power supply units; and

a housing configured to receive the power supply
units therein, the housing being configured to provide an
air flow path around each of the power supply units in the
housing, the housing including a plurality of sensor
stations, each of which interrupts at least a portion of
the airflow around the power supply units, each of the
sensor stations being configured to receive a respective
sensor therein, such that the respective sensor can
contact a respective one of the power supply units to
determine a parameter associated with the respective power
supply unit, each of the sensor stations being further
configured to interrupt the airflow in substantially the
same manner whether or not a sensor 1s received in the

sensor station.

12. The power supply system of claim 11,
wherein the housing includes a plurality of compartments
for receiving the power supply units, each of the
compartments including a compartment wall, and wherein
each of the sensor stations includes an aperture in a
respective compartment wall for allowing one of the
sensors to contact a power supply unit in a respective

compartment.
13. The power supply system of claim 12,

wherein each of the sensor stations extends into a

respective compartment such that a portion of the sensor
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station contacts a power supply unit in the respective

compartment.

14. The power supply system of claim 13,
wherein each of the sensor stations is configured to
substantially shield a respective sensor from the airflow
around the power supply units, thereby inhibiting
convective heat transfer between the sensors and the

airflow around the power supply units.

15. The power supply system of claim 14,
wherein the housing is configured to receive a
predetermined number of power supply units, and includes
one sensor station for each of the predetermined number of
power supply units, thereby facilitating use of a separate
sensor for each of the predetermined number of power

supply units.

16. A power supply system, comprising:

a plurality of generally cylindrical power
supply units, each of which has a generally circular cross
section; and

a plurality of housings, each of the housings
having an interior and an exterior, and including a
plurality of generally tubular compartments configured to
receive the power supply units therein, each of the
compartments including a circumferential discontinuity
forming an open.channel along a length of a respective
compartment for providing an air flow path across a power
supply unit in the respective compartment, each of the
housings being configured such that at least one of the
channels is oriented toward a respective housing interior,
and at least one of the channels is oriented toward a

respective-housing-exterior;—each-of-the-housings-being-
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further configured to cooperate with another one of the
housings to form a common interior therebetween, one of
the exteriorly oriented channels from each of the
cooperating housings being oriented toward the common

5 interior.

17. The power supply system of claim 16,

wherein each of the compartments is configured to receive
a plurality of the power supply units disposed along a
length of the compartment, each of the compartments

10 including a compartment wall haQing a plurality of
apertures therein for facilitating airflow between the at
least one channel in the housing interior and the housing
exterior, each of the apertures being adjacent a
respective one of the power supply units, thereby

15 facilitating airflow around each of the power supply

units.

18. The power supply system of claim 16,
wherein each of the housings includes four compartments,
two of the compartments having respective channels being

20 open to the interior of the housing, and two other of the
compartments having respective channels open to the

exterior of the housing.

19. The power supply system of claim 16,
further comprising a manifold including a channel for each
25 of the housings, the manifold being configured to receive
airflow from an airflow source, and distribute airflow to

each of the housings.

20. The power supply system of claim 16,

wherein each of the compartments includes an inside

30~ surface havinga plurality-of-projections—extending—inward-
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therefrom for disrupting the airflow through the
compartments, thereby facilitating an increase in heat

transfer between the airflow and the power supply units.

21. A power supply system, comprising:

a plurality of generally cylindrical power
supply units, each having two ends disposed opposite each
other, each of the power supply units including a terminal
disposed at one of the ends, and another terminal disposed
at the other end; and

a housing including a compartment having two at
least partially open ends, the compartment being
configured to receive a predetermined number of the power
supply units in an end-to-end orientation, such that one
of the terminals on one of the power supply units is
adjacent one end of the compartment, and one of the
terminals on another one of the power supply units is
adjacent the other end of the compartment, the compartment
including at least one locating device configured to
cooperate with at least one of the power supply units in
the compartment to position the at least one power supply
unit such that each of the terminals adjacent one of the
ends of the compartment is within a predetermined distance

of its respective compartment end.

22. The power supply system of claim 21,
further comprising a plurality of insulators, each of
which is configured to be disposed on one of the ends of
any one of the power supply units for partially insulating
a respective power supply unit terminal, and wherein the
compartment is at least partly defined by a wall, the at
least one locating device including a groove disposed in
the compartment wall configured to cooperate with a

respective—one-of-the-insulaters—for-locating-a-respective
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one of the power supply units relative to the ends of the

compartment.

23. The power supply system of claim 23,
wherein each of the insulators includes a plurality of
rings disposed thereon, the at least one groove in the
compartment wall including a plurality of teeth configured
to cooperate with the rings on a respective insulator to

locate the insulator within the groove.

24. The power supply system of claim 21,
wherein the compartment includes one of the locating
devices for each of the predetermined number of power

supply units.

25. The power supply system of clam 24, wherein
each of the 1ocating devices is disposed along a length of
the compartment. at a predetermined distance from an
adjacent one of the locating devices, thereby inhibiting
position error for the two terminals adjacent respective

ends of the compartment.

26. A power supply system, comprising:

a plurality of generally cylindricai power
supply units, each having a generally circular cross
section;

a plurality of housings disposed adjacent to
each other, each of the housings having an interior and an
exterior, aﬁd including a generally tubular compartment
configured to receive a predetermined number of the power
supply units therein, the exterior of each of the housings
including a channel dispoéed at a predetermined distance

from an end of the compartment, such that respective

-41-



10

15

20

25

WO 2006/099602 PCT/US2006/009891

channels on the adjacently disposed housings are generally
aligned with each other;

a tie-bar disposed within the channels; and

a pair of end plates configured to cooperate
with the tie-bar to trap the housings therebetween,

thereby forming a group of housings.

27. The power supply system of claim 26,
wherein each of the channels includes a locating feature
adjacent the tie-bar, each of the locating features being
configured to cooperate with a respective locating feature
on another group of housings, thereby facilitating

stacking of one housing group on anther housing group.

28. The power supply system of claim 27,
wherein each of the housings includes a top portion and a
bottom portion, and each of the housing exteriors includes
two of the channels on the top of the housing and two of
the channels on the bottom of the housing, the group of
housings having four of the tie-rods to connect to the end

plates to trap the housings.

29. The power supply system of claim 26,
wherein each of the housing exteriors further includes an
interlocking feature configured to cooperate with an
interlocking feature on any of the other housing exteriors

for aligning adjacent housings with each other.

30. The power supply system of claim 29,
wherein each of the interlocking features includes a
projection and a recess, each of the projections being
configured to mate with a recess on another one of the

housings.
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