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Title: A BATTERY PACK FOR AN ELECTRIC VEHCILE

(57) Abstract: A battery pack is provided. The battery pack, in an aspect,

FIG. 3

provides direct a plurality of modules, each having a housing, a plurality
of cells in the housing, and a plurality of bus bars connecting the cells elec-
trically to one another. The housing includes a cover. At least one of the
bus bars is mounted to the cover for removable engagement with the cells
contained therein. When the cover is removed from a lower housing portion
of the housing, the at least one bus bar is removed with the cover, thereby
breaking any electrical flow path through the cells.
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A BATTERY PACK FOR AN ELECTRIC VEHCILE

FIELD

[0001] The specification relates generally to battery packs for electric vehicles and

more particularly to battery packs having cells that are immersion-cooled.

BACKGROUND OF THE DISCLOSURE

[0002] Itis known to provide battery packs for electric vehicles. Many battery packs
suffer from temperature variations across the cells contained therein, among other

problems. An improved battery pack is desirable.

SUMMARY OF THE DISCLOSURE

[0003] In one aspect, a module for a battery pack for an electric vehicle, is provided

comprising:
[0004] a module housing;

[0005] a plurality of cells supported in the module housing, wherein each cell from

the plurality of cells includes a positive cell terminal and a negative cell terminal;
[0006] a bus barthat is electrically conductive,

[0007] at least one biasing member that is positioned between the module housing
and the bus bar so as to urge the bus bar against the positive cell terminals of a first
subset of cells from the plurality of cells and the negative cell terminals from a second

subset of cells from the plurality of cells; and

[0008] a positive battery pack terminal, and a negative battery pack terminal, wherein
the bus bar and the plurality of cells are electrically connected to the positive battery pack
terminal and the negative battery pack terminal in such a way as to form an electric circuit

with the plurality of cells for charging and discharging the plurality of cells,

[0009] wherein, for each cell from the first and second subsets of cells from the

plurality of cells, the bus bar has a contact arrangement that includes:
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[0010] a contact element having a contact surface that is in contact with one of the

positive and negative terminals of said each cell,

[0011] a first flex arm that extends from the contact element to a first arm support,

and,

[0012] a second flex arm that extends from the first arm support to a second arm

support,

[0013] wherein, when the bus bar is in an unflexed condition, the second arm support
defines a bus bar plane, wherein the first flex arm and second flex element are positioned
such that flexure of the first flex arm relative to the first arm support, and flexure of the
second flex arm relative to the second arm support together position the contact surface

of the contact element to be parallel to but offset from the bus bar plane.

[0014] In an embodiment, the at least one biasing member includes a helical
compression spring for each cell from the first and second subsets of cells from the
plurality of cells. The contact element optionally includes a receiving surface that is
engaged by a first end of the helical compression spring and a guide wall that at least

partially surrounds the first end of the helical compression spring

[0015] Inan embodiment, the first flex arm extends from the first amm support towards
the contact element in a first arm direction, and the second flex arm extends from the
second armm support towards the first arm support in a second arm direction that is

generally opposite the first arm direction.

[0016] In an embodiment the first arm support is an enclosed, hollow shape and the
first flex am is connected to the enclosed, hollow shape at a first connection region, and
the second flex arm is connected to the enclosed, hollow shape at a second connection
region that is positioned opposite to the first connection region about the enclosed hollow

shape.

[0017] In an embodiment the enclosed, hollow shape is a circular ring, and wherein
the first connection region and the second connection region are diametrically opposite

one another.

[0018] In an embodiment, for at least one of the contact elements, the first flex arm
has a first arm cross-sectional area and the second flex arm has a second arm cross-

sectional area that is the same as the first arm cross-sectional area.
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[0019] Inan embodiment, the second arm support for supporting the second flex arm
from a first one of the contact arrangements is the first aqm support for supporting the

first flex arm from a second one of the contact arrangements.

[0020] In another aspect, a bus bar that is electrically conductive, for use in a battery

pack, is provided, comprising:
[0021] a plurality of contact arrangements, each contact arrangement including

[0022] a contact element having a contact surface that is positioned for contact with

a positive terminal or a negative terminal of a cell from the battery pack,

[0023] a first flex arm that extends from the contact element to a first arm support,

and,

[0024] a second flex arm that extends from the first arm support to a second arm

support,

[0025] wherein, when the bus bar is in an unflexed condition, the second arm support
defines a bus bar plane, wherein the first flex arm and second flex element are positioned
such that flexure of the first flex arm relative to the first arm support, and flexure of the
second flex arm relative to the second arm support together position the contact surface

of the contact element to be parallel to but offset from the bus bar plane.

[0026] In an embodiment, the first flex arm extends from the first amm support towards
the contact element in a first am direction, and the second flex arm extends from the
second armm support towards the first arm support in a second arm direction that is

generally opposite the first arm direction.

[0027] In an embodiment, the first arm support is an enclosed, hollow shape and the
first flex am is connected to the enclosed, hollow shape at a first connection region, and
the second flex arm is connected to the enclosed, hollow shape at a second connection
region that is positioned opposite to the first connection region about the enclosed hollow

shape.

[0028] In an embodiment, the enclosed, hollow shape is a circular ring, and wherein
the first connection region and the second connection region are diametrically opposite

one another.
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[0029] In an embodiment, for at least one of the contact elements, the first flex amm
has a first arm cross-sectional area and the second flex arm has a second arm cross-

sectional area that is the same as the first arm cross-sectional area.

[0030] Inan embodiment the second arm support for supporting the second flex arm
from a first one of the contact arrangements is the first aqm support for supporting the

first flex arm from a second one of the contact arrangements.

[0031] In another aspect, a module for a battery pack for an electric vehicle,

comprises:

[0032] a plurality of cells, wherein each of the cells has a top end and a bottom end

and defines an axis;
[0033] a module housing including a lower holder and an upper holder,

[0034] wherein the lower holder has a plurality of lower holder cell apertures, and the
upper holder has a plurality of upper holder cell apertures, wherein the plurality of cells

are supported in the lower holder cell apertures and the upper holder cell apertures,

[0035] wherein each of the upper holder cell apertures is defined by an upper holder
cell aperture wall that has a plurality of upper cell contact surfaces for engaging a
respective one of the plurality of cells, and has a plurality of upper wall valleys wherein
at each of the upper wall valleys, the upper holder cell aperture wall is spaced by an

upper gap from said respective one of the plurality of cells,

[0036] wherein the module has a coolant inlet for receiving coolant from a coolant
source, and a coolant outlet for discharging coolant from the module, wherein the coolant
inlet is positioned to transfer coolant to an inlet chamber above the upper holder cell
apertures and the coolant outlet is positioned below the coolant inlet, such that a coolant
flow path through the module extends from the coolant inlet, into the inlet chamber,
axially through the upper holder at least partially through the upper gaps between the
upper holder cell aperture wall and the respective one of the plurality of cells, axially
through the lower holder into the outlet chamber, and out of the module through the

coolant outlet,

[0037] Inanembodiment each of the lower holder cell apertures is defined by a lower
holder cell aperture wall that has a plurality of lower cell contact surfaces for engaging a

respective one of the plurality of cells, and has a plurality of lower wall valleys wherein at
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each of the lower wall valleys, the lower holder cell aperture wall is spaced by an upper
gap from said respective one of the plurality of cells, wherein the coolant flow path
through the lower holder is at least partially through the lower gaps between the lower

holder cell aperture wall and the respective one of the plurality of cells.

[0038] In an embodiment each cell has a cell body that extends axially between the
top and bottom ends, and has a positive terminal at one of the top and bottom ends, and
a negative terminal that is at the other of the top and bottom ends and which also extends

along an outer surface of the cell body.

[0039] In another aspect, a subassembly is provided for a battery pack for an electric
vehicle, the battery pack including a plurality of cells, wherein each cell from the plurality
of cells includes a positive cell terminal and a negative cell terminal, and has a top end
and a bottom end, and a lower holder, wherein the lower holder has a plurality of lower
holder cell apertures, wherein the plurality of cells are supported in the lower holder cell
apertures, and wherein the lower holder is spaced from the top end of each cell, the

subassembly comprising:

[0040] an upper holder, wherein the upper holder has a first upper holder portion that
has a plurality of upper holder cell apertures which are sized to receive the top end of
each of the cell, and a second upper holder portion that has at least one biasing member
support surface thereon, wherein the first upper holder portion includes a first bus bar
support shoulder adjacent a first one of the upper holder cell apertures, and a lower bus

bar support shoulder adjacent a second one of the upper holder cell apertures;

[0041] a bus bar that is electrically conductive and includes a bus bar body and a
plurality of end portions connected to the bus bar body, wherein the end portions are
positioned for engagement with one of the positive cell terminals and negative cell

terminals from a subset of the cells from the plurality of cells; and

[0042] at least one biasing member that is positioned to engage the at least one
biasing member support surface and the cell-to-cell bus bar to urge the cell-to-cell bus
bar against the first upper holder portion, such that the cell-to-cell bus bar extends across
each of the upper holder cell apertures, and such that at least one of the end portions of
the cell-to-cell bus bar includes at least one extension which engages the at least one
first bus bar support shoulder in order that the at least one of the end portions extends

across at least one of the upper holder cell apertures, so as to be positioned to be
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engaged by one of the positive and negative cell terminals of each cell from the subset
of cells from the plurality of cells during installation of the subassembly on the subset of

cells.

[0043] In an embodiment each of the end portions is connected to the bus bar body
by a current control region having a selected cross-sectional area to permit the current

control region to fail upon carrying a selected current.

[0044] In another aspect, a module for a battery pack for an electric vehicle,

comprising:

[0045] a plurality of cells, wherein each of the cells has a top end and a bottom end,
and a positive cell terminal and a negative cell terminal, wherein the plurality of cells
include a first subset of cells, each having the positive cell terminal at the top end and
the negative cell terminal at the bottom end, a second subset of cells, each having the

negative cell terminal at the top end and the positive cell terminal at the bottom end;

[0046] a module housing including a lower housing portion that includes a lower
holder, and a module cover, wherein the lower holder has a plurality of lower holder cell
apertures, wherein the plurality of cells are removably supported in the lower holder cell

apertures;

[0047] an upper bus bar that is electrically conductive, and is mounted to the module

cover; and

[0048] at least one biasing member that is positioned between the module housing
and the upper bus bar so as to urge the bus bar against the positive cell terminals of the

first subset of cells and the negative cell terminals from the second subset of cells,

[0049] wherein the module cover is removably mounted to the lower housing portion
to hold the upper bus bar in engagement with the positive cell terminals of the first subset
of cells and the negative cell terminals from the second subset of cells so as to electrically
connect the first subset of cells with the second subset of cells, and is removable
therefrom so as to remove the upper bus bar from engagement with the first subset of
cells, so as to expose the plurality of cells while also electrically disconnecting the first
subset of cells from the second subset of cells, so as to permit removal of at least one of

the plurality of cells from the lower housing portion.
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[0050] In an embodiment a voltage measurement rod is mounted to one of the
module cover and the lower housing portion in electrical connection with one of the upper
and lower bus bars, and extends from said one of the module cover and the lower
housing portion, wherein the other of the upper and lower bus bars has a rod
engagement feature thereon that is positioned to removably engage the voltage
measurement rod by mounting of the module cover onto the lower housing portion,
wherein the module further includes a signal conduit that is mounted to the lower housing
portion for transmitting a voltage measurement between the upper and lower bus bars
to a controller. Optionally the voltage measurement rod is mounted to the lower housing
portion in electrical connection with the lower bus bars, and extends upward from the
lower housing portion, wherein the upper bus bar has the rod engagement feature
thereon that is positioned to removably engage the voltage measurement rod by

mounting of the module cover onto the lower housing portion.

[0051] In an embodiment the module has a coolant inlet for receiving coolant from a
coolant source, and a coolant outlet for discharging coolant from the module, wherein
the coolant inlet is positioned to transfer coolant into an inlet chamber above the upper
holder cell apertures and the coolant outlet is positioned below the coolant inlet, such
that a coolant flow path through the module extends from the coolant inlet, into the inlet

chamber, downward axially along the plurality of cells, and out through the coolant outlet.

[0052] In an embodiment the plurality of cells includes a third subset of cells, each
having the positive cell terminal at the top end and the negative cell terminal at the bottom
end, and wherein the module further comprises a lower bus bar that is electrically
conductive and that is mounted to the module housing underneath the bottom ends of
the plurality of cells, for removable engagement with the positive cell terminals of the

second subset of cells and the negative cell terminals from the third subset of cells.
[0053] In another aspect, a battery pack for an electric vehicle, comprises:
[0054] a battery pack housing including

[0055] a battery pack frame;

[0056] a first battery pack cover and a second battery pack cover, which cooperate

with the battery pack frame to define a battery pack wet chamber,

[0057] a plurality of cells held in the battery pack wet chamber,
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[0058] wherein the battery pack frame includes a plurality of frame members that are

mounted to one another,

[0059] wherein the battery pack includes at least a portion of a coolant circuit for
circulating coolant from a coolant source and through the battery pack wet chamber in

order to carry out heat transfer with the plurality of cells,

[0060] wherein at least one of the plurality of frame members directly defines a frame

member conduit that makes up part of the coolant circuit.

[0061] In an embodiment the battery pack frame includes a first primary frame
member, and a plurality of secondary frame members that extend from the first primary
frame member through the plurality of cells, and wherein the frame member conduit is
defined in the primary frame member, wherein the frame member conduit is an inlet
header and has an inlet header inlet that is fluidically connected to and downstream from
the coolant source, and has a plurality of inlet header outlets, wherein each of the
secondary frame members defines a secondary conduit, wherein each of the inlet header
outlets discharges coolant to the secondary conduit from one of the secondary frame
members. Optionally each of the inlet header outlets has a size, wherein the sizes of the
inlet header outlets are selected so as to provide flow rates of coolant through the inlet
header outlets that are all within about 50% of one another. Optionally, each of the
secondary frame members each defining a secondary conduit that has a secondary
conduit inlet and a plurality of secondary conduit outlets, wherein each secondary conduit
outlet discharges coolant to an associated subset of cells. Optionally each of the
secondary conduit outlets has a size, wherein the sizes of the secondary conduit outlets
are selected so as to provide flow rates of coolant through the secondary conduit outlets

that are all within about 50% of one another.

[0062] Optionally, the battery pack frame includes a plurality of tertiary frame
members that extend from the first primary frame member through the plurality of cells,
wherein each of the tertiary frame members defines a tertiary conduit having a plurality
of tertiary conduit inlets and a tertiary conduit outlet, wherein each tertiary conduit inlet
receives coolant to the associated subset of cells. Optionally each of the tertiary conduit
inlets has a size, wherein the sizes of the tertiary conduit inlets are selected so as to
provide flow rates of coolant through the tertiary conduit inlets that are all within about

50% of one another. Optionally the battery pack frame includes a second primary frame
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member that defines an outlet header having a plurality of outlet header inlets each of
which is fluidically connected to and downstream from one of the plurality of tertiary

conduits, and has an outlet header outlet that is upstream from the coolant source.

[0063] Optionally each of the outlet header inlets has a size, wherein the sizes of the
outlet header inlets are selected so as to provide flow rates of coolant through the outlet

header inlets that are all within about 50% of one another.

[0064] Optionally the first and second primary frame members are parallel to one
another and extend in a longitudinal direction of the battery pack, and the plurality of
secondary frame members and the plurality of tertiary frame members extend laterally
between the first and second primary frame members and connect to both the first and
second primary frame members. Optionally the first subset of cells is housed in a first
module housing, and the second subset of cells is housed in a second module housing,
wherein each of the first and second module housings has a coolant inlet and a module
outlet, wherein the coolant inlet is connected to one of the secondary conduit outlets and
the module outlet is connected to one of the tertiary conduit inlets. Optionally the coolant
inlet is positioned at a higher elevation than the first module outlet. Optionally the coolant
inlet is positioned in a module cover, wherein the module cover includes a plurality of
coolant compartments which are in fluid communication with the coolant inlet, and which
are positioned above the associated first or second subset of cells, such that each of the
coolant compartments is positioned about a selected sub-subset of the associated first

or second subset of cells.

[0065] In another aspect a module for a battery pack for an electric vehicle,

comprises:

[0066] a plurality of cells, wherein each of the cells has a top end and a bottom end
and defines an axis, wherein each cell has an axially extending cell body between the
top and bottom ends which has a cross-sectional size, and wherein each of the cells has
a positive terms at one of the top and bottom ends and has a negative terminal that is at
the other of the top and bottom ends and which extends along at least a portion of the

axially extending body;
[0067] a module housing including a lower holder,

[0068] wherein the lower holder has a plurality of lower holder cell apertures, wherein

each of the lower holder cell apertures has a first aperture end and a second aperture

9



WO 2022/232928 PCT/CA2022/050694

end that is smaller than the first aperture end, and is tapered from the first aperture end

to the second aperture end,;

[0069] wherein the module housing further includes a mid-level holder that is
positioned above the lower holder, and includes a plurality of mid-level holder cell
apertures, wherein each of the mid-level holder cell apertures has a first aperture end
and a second aperture end that is smaller than the first aperture end, and is tapered from

the first aperture end to the second aperture end, and

[0070] wherein the lower holder and the mid-level holder are oriented such that the
first aperture end of one of the lower holder cell apertures and the mid-level holder cell
apertures faces towards the other of the lower holder cell apertures and the mid-level

holder cell apertures,

[0071] wherein the second aperture ends of the lower holder and the mid-level holder
are sized relative to the cross-sectional area of each of the plurality of cells so as to
prevent a first one of the plurality of cells held in a first one of the mid-level holder cell
apertures and a first one of the lower holder cell apertures, and a second one of the
plurality of cells that is adjacent to the first one of the plurality of cells and which is held
in a second one of the mid-level holder cell apertures and a second one of the lower
holder cell apertures from being brought into contact with one another by being tilted

towards one another.

[0072] In an embodiment the lower holder and the mid-level holder are oriented such
that the first aperture end of the lower holder and the first aperture end of the mid-level

holder face towards one another.

[0073] In another aspect, a battery pack for an electric vehicle, comprises:
[0074] a battery pack housing that defines a battery pack wet chamber,
[0075] a plurality of cells held in the battery pack wet chamber,

[0076] wherein the battery pack includes at least a portion of a coolant circuit for
circulating coolant from a coolant source and through the battery pack wet chamber in

order to carry out heat transfer with the plurality of cells,

[0077] a plurality of inner signal-carrying electrical conduits in the battery pack wet
chamber, a plurality of outer signal-carrying electrical conduits outside of the battery pack

wet chamber,

10
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[0078] a printed circuit board that extends through a PCB aperture in the housing,
wherein the printed circuit board which has a first board portion that is inside the battery
pack wet chamber and a second board portion that is outside the battery pack wet
chamber, wherein the inner signal-carrying electrical conduits connect to the first board
portion, and the outer signal-carrying electrical conduits connect to the second board

portion,

[0079] a PCB sealing member that is sealingly connected to the printed circuit board
and to the battery pack housing to seal against coolant leakage through the PCB

aperture,

[0080] a controller that is positioned outside the battery pack wet chamber which
receives signals from the outer signal-carrying electrical conduits, and which controls

operation of the battery pack, based at least in part on the signals.

[0081] In an embodiment the battery pack housing includes a panel aperture, and a
removable panel that is sealingly mountable to a remainder of the battery pack housing
to prevent coolant leakage through the panel aperture, wherein the PCB aperture is in
the removable panel. Optionally a bus bar extends through a bus bar aperture in the
removable panel, and a bus bar sealing member is sealingly connected to the bus bar

and to the removable panel to seal against coolant leakage through the bus bar aperture.
[0082] In another aspect, a battery pack for an electric vehicle, comprises:
[0083] a battery pack housing,

[0084] a plurality of cells held inside the battery pack housing, wherein the plurality of
cells are arranged into a first group of cells, and a second group of cells, wherein the first

and second groups of cells are connected in series, with one another, and

[0085] a safety switch that is positioned to control current between the first group of
cells and the second group of cells, wherein the safety switch is positioned outside of the
battery pack housing, and wherein the safety switch is movable between a circuit-closed
position in which the safety switch electrically connects the first group of cells with the
second group of cells in series, and a circuit-open position in which the safety switch

electrically disconnects the first group of cells from the second group of cells.

[0086] In an embodiment the safety switch has a first locking feature that aligns with

a second locking feature on the battery pack housing, so as to permit a lock to be places

11
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on the safety switch to prevent movement of the safety switch out of the circuit-open

position.

[0087] In an embodiment the safety switch is a first safety switch, and the battery
pack further includes a third group of cells and a fourth group of cells that are connected
in series with series with one another and with the first and second groups of cells such
that the first, second, third and fourth groups of cells are connected in series, with one
another; a second safety switch positioned to control current between the third group of
cells and the fourth group of cells, wherein the second safety switch is positioned outside
of the battery pack housing, and wherein the second safety switch is movable between
a circuit-closed position in which the second safety switch electrically connects the third
group of cells with the fourth group of cells in series, and a circuit-open position in which
the safety switch electrically disconnects the third group of cells from the fourth group of
cells.

[0088] In another aspect, a battery pack for an electric vehicle, comprises:
[0089] a battery pack housing;

[0090] a plurality of modules positioned inside the battery pack housing, wherein

each module includes

[0091] a plurality of cells, wherein each of the cells has a top end and a bottom end,
and a positive cell terminal and a negative cell terminal, wherein the plurality of cells
include a first subset of cells, each having the positive cell terminal at the top end and
the negative cell terminal at the bottom end, a second subset of cells, each having the

negative cell terminal at the top end and the positive cell terminal at the bottom end;

[0092] a module housing including a lower housing portion that includes a lower
holder, and a module cover, wherein the lower holder has a plurality of lower holder cell
apertures, wherein the plurality of cells are removably supported in the lower holder cell

apertures;

[0093] a first upper bus bar that is electrically conductive, and is mounted to the

module cover;

[0094] at least one biasing member that is positioned between the module housing
and the upper bus bar so as to urge the bus bar against the positive cell terminals of the

first subset of cells and the negative cell terminals from the second subset of cells,

12
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[0095] wherein the module cover is removably mounted to the lower housing portion
to hold the upper bus bar in engagement with the positive cell terminals of the first subset
of cells and the negative cell terminals from the second subset of cells so as to electrically
connect the first subset of cells with the second subset of cells, and is removable
therefrom so as to remove the upper bus bar from engagement with the first subset of
cells, so as to expose the plurality of cells while also electrically disconnecting the first
subset of cells from the second subset of cells, so as to permit removal of at least one of

the plurality of cells from the lower housing portion,

[0096] wherein the plurality of modules includes a first subset of modules, wherein,
for each module from the first subset of modules except for a final module from the first
subset of modules, each module includes a bridging bus bar that connects the positive
terminals of a final subset of cells from said each module to the negative terminals of the
first subset of cells from a subsequent one of the modules from the first subset of

modules,

[0097] wherein mounting the module covers to the lower housing portions of all of the
modules from the first subset of modules electrically connects all of the modules from
the first subset of modules together to provide an electrical flow path through the first
subset of modules, and wherein removal of any one of the module covers from the lower
housing portions of any of the modules from the first subset of modules breaks the

electrical flow path through the first subset of modules.

[0098] In another aspect, a module for a battery pack for an electric vehicle,

comprises:
[0099] a module housing;

[0100] a plurality of cells supported in the module housing, wherein each cell from

the plurality of cells includes a positive cell terminal and a negative cell terminal;
[0101] a bus barthat is electrically conductive,

[0102] atleast one biasing member having a first end and a second end, wherein the
first end is engaged with the bus bar and the second end is engaged with a seat in the
module housing so as to urge the bus bar against the positive cell terminals of a first
subset of cells from the plurality of cells and against the negative cell terminals from a

second subset of cells from the plurality of cells, wherein the at least one biasing member
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is made from a metal that is electrically conductive, and wherein the seat in the module

housing is made from a non-conductive material, and

[0103] wherein the bus bar and the plurality of cells are electrically connected to a
positive battery pack terminal and a negative battery pack terminal of the battery pack in
such a way as to form an electric circuit with the bus bar and the plurality of cells for

charging and discharging the plurality of cells,

[0104] wherein the seat in the module housing prevents current from the electric

circuit from passing through the at least one biasing member.

[0105] In an embodiment the at least one biasing member includes a helical

compression spring for each cell from the first and second subsets of the plurality of cells.

[0106] Inan embodimentthe at least one biasing member includes a layer of resilient
material that extends across the bus bar over an area that overlaps at least partially each

cell from the subset of the cells from the plurality of cells.

[0107] In another aspect, a module for a battery pack for an electric vehicle,

comprises:

[0108] a plurality of cells, wherein each of the cells has a top end and a bottom end

and defines an axis;
[0109] a module housing including a lower holder and an upper holder,

[0110] wherein the lower holder has a plurality of lower holder cell apertures, and the
upper holder has a plurality of upper holder cell apertures, wherein the plurality of cells
are supported in the lower holder cell apertures and the upper holder cell apertures, and
wherein the upper holder is spaced from the lower holder by an intermediate space, such
that a portion of a length of the plurality of cells is exposed between the upper and lower

holders,

[0111] wherein the module has a coolant inlet for receiving coolant from a coolant
source, and a coolant outlet for discharging coolant from the module, wherein the coolant
inlet is positioned to transfer coolant to an inlet chamber above the upper holder, and the
coolant outlet is positioned below the coolant inlet, such that a coolant flow path through
the module extends from the coolant inlet, into the inlet chamber, axially through the
upper holder into the intermediate space, axially through the lower holder, and out of the

module through the coolant outlet.
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[0112] In an embodiment each of the upper holder cell apertures is defined by an
upper holder cell aperture wall that has a plurality of upper cell contact surfaces for
engaging a respective one of the plurality of cells, and has a plurality of upper wall valleys
wherein at each of the upper wall valleys, the upper holder cell aperture wall is spaced
by an upper gap from said respective one of the plurality of cells, wherein the coolant
flow path through the upper holder is at least partially through the upper gaps between

the upper holder cell aperture wall and the respective one of the plurality of cells.

[0113] Inanembodiment each of the lower holder cell apertures is defined by a lower
holder cell aperture wall that has a plurality of lower cell contact surfaces for engaging a
respective one of the plurality of cells, and has a plurality of lower wall valleys wherein at
each of the lower wall valleys, the lower holder cell aperture wall is spaced by an upper
gap from said respective one of the plurality of cells, wherein the coolant flow path
through the lower holder is at least partially through the lower gaps between the lower

holder cell aperture wall and the respective one of the plurality of cells.

[0114] Other technical advantages may become readily apparent to one of ordinary

skill in the art after review of the following figures and description.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0115] For a better understanding of the embodiment(s) described herein and to
show more clearly how the embodiment(s) may be carried into effect, reference will now

be made, by way of example only, to the accompanying drawings.

[0116] Figure 1 is a perspective view of a battery pack for an electric vehicle in

accordance with a first embodiment of the present disclosure.

[0117] Figure 2A a is a perspective view of a portion of the battery pack shown in

figure one, with the housing of the battery pack removed.

[0118] Figure 2B is another perspective view of a portion of the battery pack shown

in figure one, with the housing removed.

[0119] Figure 3 is an exploded perspective view of the portion of the battery pack

shown in figure 2 a.

[0120] Figure 4 is another exploded perspective view of the portion of the battery

pack shown in figure 2 a.
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[0121] Figure 5A is a sectional perspective view of a portion of the battery pack
showing a bus bar, a plurality of biasing members for the bus bar, and a portion of the

housing of the battery pack.

[0122] Figure 5B is another sectional perspective view of a portion of the battery

pack, showing the bus bar and the plurality of biasing members.

[0123] Figure 6 is another sectional perspective view of a portion of the battery pack,
illustrating an electric current that passes through the cells during discharging or charging

thereof.

[0124] Figure 7 is a magnifying sectional view of a portion of the battery pack to show

the engagement between the bus bar and the cells.

[0125] Figure 8 is a sectional perspective view of a portion of the battery pack

illustrating a flow of coolant therethrough during use.

[0126] Figure 9 is a side view of several cells from the battery pack showing

prevention of contact between adjacent ones of the cells.

[0127] Figure 10 is a plan view of several cells from the battery pack illustrating

tolerances in their positions.

[0128] Figure 11 is a perspective view of one of the bus bars from the battery pack

and the cells with which it makes contact.

[0129] Figure 12Ais a perspective view of a battery pack in accordance with another

embodiment of the present disclosure.

[0130] Figure 12B is another perspective view of the battery pack shown in figure
12A

[0131] Figure 13 is a perspective view of a portion of the battery pack shown in figure
12A, with part of its housing removed, showing a plurality of modules that hold the cells

of the battery pack.
[0132] Figure 14 is a perspective view of one of the modules shown in figure 13.

[0133] Figure 15 is a partially exploded perspective view of the module shown in

figure 14, showing a module cover and a module lower portion.

[0134] Figure 16 is an exploded view of the module cover shown in figure 15.
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[0135] Figure 17 is an exploded perspective view of the module lower portion.
[0136]

[0137]

DETAILED DESCRIPTION

[0138] For simplicity and clarity of illustration, where considered appropriate,
reference numerals may be repeated among the Figures to indicate corresponding or
analogous elements. In addition, numerous specific details are set forth in order to
provide a thorough understanding of the embodiment or embodiments described herein.
However, it will be understood by those of ordinary skill in the art that the embodiments
described herein may be practiced without these specific details. In other instances, well-
known methods, procedures and components have not been described in detail so as
not to obscure the embodiments described herein. It should be understood at the outset
that, although exemplary embodiments are illustrated in the figures and described below,
the principles of the present disclosure may be implemented using any number of
techniques, whether currently known or not. The present disclosure should in no way be
limited to the exemplary implementations and techniques illustrated in the drawings and

described below.

[0139] Various terms used throughout the present description may be read and
understood as follows, unless the context indicates otherwise: “or” as used throughout is
inclusive, as though written “and/or”; singular articles and pronouns as used throughout
include their plural forms, and vice versa; similarly, gendered pronouns include their
counterpart pronouns so that pronouns should not be understood as limiting anything
described herein to use, implementation, performance, etc. by a single gender;
“‘exemplary” should be understood as “illustrative” or “exemplifying” and not necessarily
as “preferred” over other embodiments. Further definitions for terms may be set out
herein; these may apply to prior and subsequent instances of those terms, as will be

understood from a reading of the present description.

[0140] Modifications, additions, or omissions may be made to the systems,
apparatuses, and methods described herein without departing from the scope of the

disclosure. For example, the components of the systems and apparatuses may be
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integrated or separated. Moreover, the operations of the systems and apparatuses
disclosed herein may be performed by more, fewer, or other components and the
methods described may include more, fewer, or other steps. Additionally, steps may be
performed in any suitable order. As used in this document, “each” refers to each member

of a set or each member of a subset of a set.

[0141] The indefinite article “a” is not intended to be limited to mean “one” of an
element. It is intended to mean “one or more” of an element, where applicable, (i.e.

unless in the context it would be obvious that only one of the element would be suitable).

[0142] Any reference to upper, lower, top, bottom or the like are intended to refer to
an orientation of a particular element during use of the claimed subject matter and not
necessarily to its orientation during shipping or manufacture. The upper surface of an
element, for example, can still be considered its upper surface even when the element

is lying on its side.

[0143] Reference is made to Figure 49, which shows a battery pack 10 for an electric
vehicle 11. The term ‘electric vehicle’ is intended to include any vehicle that includes an
electric motor 13 that drives one or more wheels 15 of the vehicle 11. The vehicle 11
may also include an internal combustion engine that operates to drive one or more
wheels 15 of the vehicle 11 (which may be the same as, partially the same as, or entirely
different than the one or more wheels 15 driven by the electric motor 13). Additionally or
alternatively, the internal combustion engine (if provided) may be operated to charge the
battery pack 10 or for any other suitable purpose. The vehicle 11 may include any other
suitable type of energy storage device, in addition to the battery pack 10. In
embodiments where the electric motor 13 is not the only power generation device driving
one or more wheels 15 of the vehicle 11, the vehicle 11 may include any other suitable
type of power generation device instead of, or in addition to an internal combustion

engine.
[0144] DESCRIPTION RELATING PRIMARILY TO FIGURES 1-11

[0145] The battery pack 10 includes a plurality of cells 12 supported in a battery pack
housing 14. The plurality of cells 12 each include a positive cell terminal 16 and a
negative cell terminal 18. The battery pack 10 further includes a positive battery pack

terminal 20 and a negative battery pack terminal 22, such that the plurality of cells are
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electrically connected to the positive and negative battery pack terminals 20 and 22,

either in series, in parallel, or in a combination of both series and parallel.
[0146] USE OF BUS BARS WITH BIASING MEMBERS

[0147] Aplurality of bus bars 24 are provided, as shown in Figures 2A and 2B. Inthe
embodiment shown, for each bus bar 24, at least one biasing member 38 is provided
and is positioned between the housing 14 and the bus bar 24 so as to urge the bus bar
24 against one of the positive terminals and negative terminals 16 and 18 from each cell
12 from a subset of cells 12 so as to connect the subset of cells 12 electrically. In the

embodiment shown in Figures 2A-6, there are a plurality of biasing members 38.

[0148] The plurality of bus bars 24 includes a plurality of cell-to-cell bus bars 25,
where each cell-to-cell bus bar 25 is urged by a first subset of the plurality of biasing
members 38, into engagement with the positive terminal 16 of each cell 12 from a first
half 26a of a first subset 26 of cells 12, and the negative terminal 18 of each cell 12 from
a second half 26b of the first subset 26 of cells 12, so as to electrically connect the
positive cell terminals 16 from the first half 26a of the first subset 26 of cells 12 to the
negative cell terminals 18 of the second half 26b of the first subset 26 of cells 12. The
plurality of bus bars 24 also includes a first end bus bar 30 that is urged by a second
subset 42 of the plurality of biasing members 38, into engagement with the positive cell
terminals 16 from a second subset 32 of cells 12, to the positive battery pack terminal 20
s0 as to electrically connect the positive cell terminals 16 from the second subset 32 of
cells 12 with the positive battery pack terminal 20. The plurality of bus bars 24 also
includes a second end bus bar 34 that is urged by a third subset 44 of the plurality of
biasing members 38, into engagement with the negative cell terminals 18 from a third
subset 36 of cells 12 from the plurality of cells 12, to the negative battery pack terminal
22 so as to electrically connect the negative cell terminals 18 from the third subset 36 of

cells 12 with the positive battery pack terminal 20.

[0149] While a plurality of bus bars 24 are shown, it will be noted that there could be
as few as one bus bar 24, and other ways of connecting the cells 12 electrically to one

another or to other components could be used instead of bus bars.

[0150] For each bus bar 24 that is provided, it may be said that the bus bar 24 and
the plurality of cells 12 are electrically connected to the positive battery pack terminal 20

and the negative battery pack terminal 22 in such a way as to form an electric circuit with
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the plurality of cells 12 for charging and discharging the plurality of cells 12. In the
embodiment shown, the circuit is represented by double-headed arrows (a few of which
are identified at 50) in Figure 6, and extends through the second end bus bar 34, into
and through the cells 12 and the bus bars 24, and out through the first end bus bar 30,
during discharging of the cells 12, and extends through the first end bus bar 30, into and
through the cells 12 and the bus bars 24, and out through the second end bus bar 34,
during charging of the cells 12. It will be noted that Figure 6 shows the battery pack 10,
but with a middle portion removed to enable the two ends of the battery pack 10 to be

shown in the figure.
[0151] The bus bars 24 may be made from any suitable material, such as copper.

[0152] The at least one biasing member 38 is, in the embodiment shown, a plurality
of helical compression springs. As can be seen, the aforementioned circuit is formed
with the bus bar 24 (or in this case, bus bars 24) without passing through the at least one
biasing member 38. Since the at least one biasing member 38 is not involved in carrying
current the material for the at least one biasing member 38 may be selected without
concern for whether that material is a good conductor or not. This is beneficial, as
traditional conductive materials such as copper, can be poor choices for use as springs,
due to brittleness and other factors. The material of construction for the at least one

biasing member 38 may be a suitable material such as spring steel.

[0153] In an embodiment shown in Figure 7, the at least one biasing member 38
includes a layer of resilient material shown at 52 that extends across the bus bar 24 over
an area that overlaps at least partially each cell from the subset of the cells from the
plurality of cells. The layer of resilient material 52 may, for example, include a layer of
closed-cell foam. Thus, in the embodiment shown in Figure 7, there is a single biasing
member 52 that urges the bus bar 24 into engagement with the associated subset of
cells 12.

[0154] The cells 12 themselves may be any suitable type of cells, such as 4V cells
that are generally cylindrical in shape. The cells 12, in the embodiment shown, are
arranged into 14 rows of six cells 12 each, where the cells 12 in each row alternate in
their orientation, with one row having its cells 12 arranged with their positive cell terminals
16 pointing upward (i.e. at their top end, shown at 56) and with the next row with the

positive cell terminals 16 pointing downward (i.e. at their bottom ends, shown at 58).
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[0165] TAPERED PROJECTIONS AND AXIAL COOLANT FLOW

[0156] The housing 14 will now be described in more detail. The housing 14 may
include an outer shell 60 that includes a first outer shell portion 60a and a second outer
shell portion 60b. The outer shell 60 performs several functions, including sealingly
enclosing a space for coolant flow, and protecting the cells 12 from mechanical impact.
As shown in Figure 1, the second outer shell portion 60b is removably mounted to the
first outer shell portion 60a (e.g. via mechanical fasteners 62). This permits insertion and
removal of a cell sub assembly 64 containing the cells 12 (Figure 6). The housing 14

further includes an upper holder 66 and a lower holder 68.

[0157] The lower holder 66 (Figure 3) has a plurality of lower holder cell apertures
70. The plurality of cells 12 are supported in the lower holder cell apertures 70. The

lower holder 66 is spaced from the top end 56 of each cell 12.

[0158] The upper holder 68 has a plurality of upper holder cell apertures 72. The
plurality of cells 12 are supported in the upper holder cell apertures 72. The upper holder

68 is closer to the top end 56 of each cell 12 than is the lower holder 66.

[0159] The upper holder 68 includes a plurality of tapered projections 74 that extend
downward between groups of cells (Figure 8) from the plurality of cells 12. Each tapered
projection 74 has a distal end 76 and a proximal end 77. As can be seen best in Figure
5A, the proximal end 77 is contiguous with a group of the upper holder cell apertures 72.
In other words, there is no shoulder between the proximal end 77 and the upper holder
cell apertures 72 it is nearest to. By having no shoulders therebetween, the upper holder
68 can be placed on a subassembly of the lower holder 66 with all the cells 12 positioned
thereon, and is ensured that there is no hang-up point between when the tapered
projections 74 enter in between the cells 12 and when the upper holder 68 is positioned
in its final position with the cells 12 held in the upper holder cell apertures 72 (Figure 6).
Also, it will be understood that there are a plurality of cell dimensional tolerances and a
plurality of lower holder dimensional tolerances that exist in relation to the manufacture
of the cells 12 and in the manufacture of the lower holder 66. As aresult, there is arange
of possible positions for each cell 12 when the cells 12 are supported by the lower holder
66 and not by the upper holder 68 (i.e. prior to mounting of the upper holder 68 on the

cells 12). Examples of where some cells 12 are shown not being centered in their
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respective lower holder cell apertures 70 are provided (greatly exaggerated, for clarity)
in Figure 9. Thus, there is an area 79 (shown greatly exaggerated in Figure 10) that the
top end 56 might occupy. This area 79 is referred to as an area of potential interference
79. By sizing the distal ends 76 of the tapered projections 74 to ensure that they are
outside of the areas of potential interference 79, the upper holder 68 is ensured to be
able to be placed onto the cells 12 without obstruction. A representation of the outline of

the distal end 76 of one of the tapered projections 74 is shown in Figure 10.

[0160] In the embodiment shown, the upper holder 68 includes a first upper holder
portion 78 and a second upper holder portion 80. The first and second upper holder
portions 78 and 80 together define an upper manifold 82 (Figures 5A and 8)
therebetween. The upper manifold 82 has an upper manifold fluid port 84. The lower
holder 66 includes a first lower holder portion 86 and a second lower holder portion 88.
The first and second lower holder portions 86 and 88 together define a lower manifold
90 therebetween. The lower manifold 90 has a lower manifold fluid port 92. A cooling
chamber 94 is defined in the housing 14 between the upper holder 68 and the lower
holder 66.

[0161] The tapered projections 74 each contain a projection pass-through aperture
95 shown best in Figure 8, so as to permit fluid communication between the cooling
chamber 94 and the upper manifold 82. A plurality of lower manifold transmission
apertures 96 are provided to permit fluid communication between the lower manifold 90

and the cooling chamber 94.

[0162] As can be seen in Figure 8, coolant (represented by arrows 97) enters the
upper manifold 82 through the upper manifold fluid port 84, and is distributed throughout
the upper manifold 82, and flows down through the projection pass-through apertures 95
into the cooling chamber 94, in order to cool the cells 12. It will be noted that the coolant
97 flows axially along the lengths of the cells 12, as opposed to coolant flow in some
other battery packs of the prior art, that flows transversely along the length of the battery
pack, and therefore has a temperature gradient associated with it along the length of the
battery pack. The coolant 97 exits the cooling chamber 94 through the lower manifold
transmission apertures 96 into the lower manifold 90 and finally exits the housing 14
through the lower manifold fluid port 92. Thus, in the embodiment shown, the upper
manifold fluid port 84 is an inlet port for the battery pack 10, and the lower manifold fluid
port 92 is an outlet port for the battery pack 10. The sizes of the projection pass-through

22



WO 2022/232928 PCT/CA2022/050694

apertures 95 and the lower manifold transmission apertures 96 may be selected so as

to encourage generally uniform coolant flow throughout the battery pack 10.

[0163] Suitable materials of construction for the upper and lower holders 68 and 66
may be any suitable type of material such as a suitable polymeric material that is

electrically insulative.

[0164] SUPPORTING THE ENDS OF THE BUS BAR TO PREVENT
DEFORMATION, AND USE OF BUS BAR AS FUSE

[0165] The cell-to-cell bus bars 25 may be constructed so as to use a relatively small
amount of material, so as to conserve weight. Furthermore, the cell-to-cell bus bars 25
may be constructed so as to have at least one current control region 98 (Figure 11) that
performs the function of a fuse wire. As a result, if one of the cells 12 in the subset of
cells 12 that a cell-to-cell bus bar 25 is engaged with is problematic for whatever reason,
the current control region 98 can fail by melting, breaking or any other suitable way, in
order to ensure that the electrical connection to the problematic cell 12, is broken if the
current to that cell 12 exceeds a selected value. Figure 11 shows a problematic cell at
102, for the purposes of illustration of this feature. As can be seen in Figure 11, one of
the current control regions 98 on the cell-to-cell bus bar 25 has failed, and as a result
current flow to and from the problematic cell 102 is prevented. In order to carry out the
function of acting as a fuse wire, the current control region 98 may be formed in such a
way as to have not more than a selected cross-sectional area, such that heat buildup in
the current control region 98 due to resistance during current flow that is beyond a
selected value, causes failure at the current control region 98, thereby breaking the circuit
to the problematic cell. As a result of this feature, and as a result of generally constructing
the bus bar in a way that reduces weight, the cell-to-cell bus bar 25 may be somewhat

weak in bending.

[0166] As can be seen the current control regions 98 for certain cells 12 engaged by
the cell-to-cell bus bar 25 shown in Figure 11, are shown as having two current control
region portions (98a and 98b), while other current control regions 98 only have one
portion. However, it is contemplated that an alternative version of the cell-to-cell bus bar
25 would employ current control regions 98 that are all substantially the same (i.e. they

all have a similar cross-sectional area, so as to fail at a similar current).
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[0167] With reference to Figures 5A and 5B, a subassembly 100 is shown that
includes the upper holder 68, at least one cell-to-cell bus bar 25, and the at least one
biasing member 38. While only one cell-to-cell bus bar 25 is shown in Figure 5A, there
would be others present in the subassembly 100 in the presently shown embodiment.
During assembly of the battery pack 10, the subassembly 100 may be placed on top of
another subassembly comprising the lower holder 66 and the cells 12 captured in the
lower holder cell apertures 70. Prior to mounting of the subassembly 100 onto the
aforementioned other subassembly, the at least one biasing member 38 is supported at
one end against a biasing member support surface 103 (Figure 5A) on the second upper
holder portion 80, and at their other end against the cell-to-cell bus bar 25. As a result,
the cell-to-cell bus bars 25 are urged into engagement with a support surface 104 of the
first upper holder portion 78. Along a row of cells 12, the support surface 104 is made
up of regions of the first upper holder portion 78 between the upper holder cell apertures
72 which support the body of the cell-to-cell bus bar 25 (shown at 106). In addition, the
first upper holder portion 78 includes a plurality of first bus bar support shoulders 108

that are adjacent the upper holder cell apertures 72.

[0168] The portion of each cell-to-cell bus bar 25 that is positioned to engage an
individual cell 12 may be referred to as an end portion 110. The end portion 110 is
connected to the body 106 of the cell-to-cell bus bar 25 by a current control region 98.
In order to ensure that the end portions 110 of the cell-to-cell bus bar 25 are not
supported in cantilever where they could be potentially bent plastically by the force of the
biasing members 38 engaged therewith, the end portions 110 of the cell-to-cell bus bar
25 each have at least one extension 112 thereon, such that each end portion 110 is
supported on the bus bar support shoulder 106. As a result, the cell-to-cell bus bar 25
extends across each of the upper holder cell apertures 72, so as to be engaged by one
of the positive and negative cell terminals 16 and 18 of each cell 12 from a subset of cells

12 from the plurality of cells 12.

[0169] Once the subassembly 100 is mounted to the plurality of cells 12 in the lower
holder 66 (Figure 8) the cell-to-cell bus bars 25 are lifted by the top ends 56 of the cells
12 off the support surface 104 and the bus bar support shoulders 106.

[0170] EASE OF ASSEMBLY AND DISASSEMBLY
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[0171] The assembly of the subassembly 100 onto the aforementioned other
subassembly may involve the use of mechanical fasteners such as screws, shown at
120 in Figure 2A, and forms the subassembly 64 in Figure 8, may then be inserted into
the first outer shell portion 60a, optionally with the use of further mechanical fasteners,
and the second outer shell portion 60b may be mounted onto the first outer shell portion

60a to enclose the subassembly containing the cells 12.

[0172] It will be noted that the battery pack 10 is formed without requiring the use of
any other materials between the cells 12 to hold the cells 12 in place, including glue,
paste or epoxy or any other flowable or manually plastically deformable material. The
avoidance of using any materials such as this permits direct contact between the cells
12 and the coolant 97 flowing through the cooling chamber 94, which, in tum, helps
improve the heat transfer between the cells 12 and the coolant 97. Additionally, the
avoidance of using materials such as this permits the battery pack 10 to be assembled
easily robotically, and permmits the easy disassembly of the battery pack 10, which
provides a number of advantages. For example, this permits individual cells 12 to be
easily accessed and replaced if needed. It further permits the reuse of many
components of the battery pack at the end of life of the cells 12 when used in an
automotive application. For example, when the cells 12 have reached a point where
they only have a selected capacity to store charge left such as about 80% of their original
capacity to store charge, the cells 12 can then be easily removed from the upper and
lower holders and reused for other uses such as in a stationary charge storage
application. By contrast, some battery packs of the prior art employ epoxies and the like
to fix the cells in place in the battery pack which makes the cells inaccessible, to the point
where the entire battery pack is destroyed after it is no longer suitable for automotive
use. Also contributing to the removability of the cells 12 is that the cells 12 do not have
any wires soldered thereto as is done in some battery packs of the prior art. The bus
bars 24 are all directly engaged with the positive and negative cell terminals 16 and 18
of the cells 12, by virtue of the at least one biasing member 38. It will be noted here that,
even the bus bars 24 that are located under the bottom ends 58 of the cells 12 are urged
into engagement with the cells 12 by the at least one biasing member 38 that is above
the cells 38, since the at least one biasing member 38 urges the cells 12 downwards into

engagement with the bus bars 24 that are located below them.
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[0173] In order to ensure that the bus bars 24 remain in contact with the cells 12
during operation of the electric vehicle 11 in which the battery pack 10 is to be used, the
biasing force applied by the at least one biasing member 38 will be selected to account
for forces that are exerted on the cells 12 during operation of the electric vehicle 11, such
as during impacts (e.g. with potholes or other road irregularities), during vibrations
caused by the road surface or for other reasons, and during maneuvers such as extreme

braking, acceleration and cornering events.

[0174] OTHER COMPONENTS

[0175] The battery pack 10 may further include other components such as a
controller shown at 130 in Figure 1. The controller 130 may be used to manage the flow
of coolant 97 through the battery pack 10, the charging and discharging of the battery
pack 10 and other functions. The controller 130 may reside in a separate controller
chamber 132 between the first outer shell portion 60a and a third outer shell portion 60c

(which, for illustration purposes is shown as transparent in Figure 1).

[0176] DESCRIPTION RELATING PRIMARILY TO FIGURES 12-48
[0177] GENERAL DESCRIPTION

[0178] A battery pack 200 in accordance with another embodiment of the present
disclosure is shown in Figures 12-48. The battery pack 200 has a battery pack housing
202 that is described in greater detail further below. In the embodiment shown, the
battery pack housing defines both a battery pack wet chamber 204 and a battery pack
dry chamber 206.

[0179] A plurality of modules 208 are positioned inside the battery pack housing 202,
and more specifically in the battery pack wet chamber 204. One such module 208 is
shown in Figure 14. The module 208 includes a module housing 210, a plurality of cells
212 supported in the module housing 210, a plurality of upper bus bars 214 and a plurality
of lower bus bars 216. The cells 212 may be similar to the cells 12. Each cell 212 has
atop end 218 and a bottom end 220, and defines an axis Ac between the top and bottom
ends 218 and 220. Each cell further has a cell body 222 extending axially between the
top and bottom ends 218 and 220. The cell body 222 has an outer surface 223. In the
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embodiment shown, the cell body 222 is cylindrical in shape (or may be said to be circular
in cross-sectional shape), however any other suitable shape for the cell body 222 may
be provided. In some embodiments, the cells 212 may specifically be 21700 cells, or

they may be any other suitable types of cells.

[0180] The cells 212 each have a positive terminal 224 and a negative terminal 226.
The positive terminal 224 is at one of the top and bottom ends 218 and 220, and the
negative terminal 226 is at the other of the top and bottom ends 218 and 220. In the
embodiment shown, the negative terminal 226 also extends along the outer surface 223
of the cell body 222. In some embodiments, the negative terminal 226 may cover a

portion of the top end 218 of the cell 212 also.

[0181] PROVIDING MID-LEVEL HOLDER WHICH PREVENTS CELLS FROM
CONTACTING ONE ANOTHER

[0182] The module housing 210 holds the cells 212 during operation of the battery
pack 200. The module housing 210 includes a lower housing portion 228, and a module
cover 230. The lower housing portion 228 may itself be made up of several elements,
including a bottom member 232, a lower holder 234, and optionally, a mid-level holder
236. The bottom member 232 supports the lower bus bars 216. The lower holder 234
is spaced from the top end 218 of each cell 212 and has a plurality of lower holder cell
apertures 238. The cells 212 are removably supported in the lower holder cell apertures
238. Each lower holder cell aperture 238 has a first aperture end 238a and a second
aperture end 238b that is smaller than the first aperture end 238a, and is tapered from

the first aperture end 238a to the second aperture end 238b.

[0183] The tapered shape of the lower holder cell apertures 238 may be the result of
draft that is provided to assist in the molding process of the lower holder 234. More
specifically, when an object is injection molded, there is a need in some instances for
walls of the molded object to have a slight angle on them in order to facilitate removal of
the molded object from the associated mold plate. This angle is referred to as a draft
angle, or simply, draft. Depending on the draft angle of the lower holder cell apertures,
as well as other factors, such as the height and proximity of the cells 212, it may be
possible that, during assembly or transport of the module 208 one or more of the cells

212 could tilt towards one another sufficiently to contact one another. Such an event is
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illustrated in Figure 25. In embodiments in which the negative terminal 226 extends
along the outer surface 223 of the cell 212, such contact between two cells 212 would
short circuit the cells 212, which can damage the cells 212 or could cause a fire to ignite
within the module 208.

[0184] To mitigate this risk, the mid-level holder 236 may be provided. The mid-level
holder 236 is positioned above the lower holder 234 and is itself spaced from the top end
218 of each cell 212. The mid-level holder 236 includes a plurality of mid-level holder
cell apertures 240. Each of the mid-level holder cell apertures 240 has a first aperture
end 240a and a second aperture end 240b that is smaller than the first aperture end
240a, and is tapered from the first aperture end 240a to the second aperture end 240b.
The lower holder 234 and the mid-level holder 236 are oriented such that the first
aperture end 238a or 240a of one of the lower holder cell apertures 238 and the mid-
level holder cell apertures 240 faces towards the other of the lower holder cell apertures
238 and the mid-level holder cell apertures 240. An example of this is shown in Figure
26, in which the first aperture ends 238a and 240a of both the lower holder cell apertures
238 and the mid-level holder cell apertures 240 face towards the other of the lower holder
cell apertures 238 and the mid-level holder cell apertures 240. In other words, in Figure
26, the first aperture ends 238a of the lower holder cell apertures 238 face towards the
mid-level holder cell apertures 240, and the first aperture ends 240a of the mid-level
holder cell apertures 240 face towards the lower holder cell apertures 238. Another
example is shown in Figure 27, in which the first aperture ends 238a of the lower holder
cell apertures 238 face towards the mid-level holder cell apertures 240, but the first
aperture ends 240a of the mid-level holder cell apertures 240 do not face towards the

lower holder cell apertures 238.

[0185] The second aperture ends 238b and 240b of the lower holder 234 and the
mid-level holder 236 are sized relative to the cross-sectional area of each of the plurality
of cells 212 so as to prevent a first one (shown at 242) of the plurality of cells 212 that is
held in a first one (shown at 240a) of the mid-level holder cell apertures 240 and a first
one (shown at 238a) of the lower holder cell apertures 238, and a second one (shown at
244) of the plurality of cells 212 that is adjacent to the first one 242 of the plurality of cells
212 and which is held in a second one (shown at 240b) of the mid-level holder cell

apertures 240 and a second one (shown at 238b) of the lower holder cell apertures 238
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from being brought into contact with one another by being tilted towards one another,

thereby reducing the risk of short circuits in the cells 212.

[0186] PRESENCE OF INTERMEDIATE SPACE BETWEEN UPPER AND LOWER
HOLDERS AND GAPS BETWEEN UPPER AND LOWER HOLDERS AND THE
CELLS TO IMPROVE HEAT TRANSFER

[0187] Each lower holder cell aperture 238 is defined by a lower holder cell aperture
wall 246 that has a plurality of lower cell contact surfaces 246a for engaging a respective
one of the plurality of cells 212, and that has a plurality of lower wall valleys 246b where
the lower holder cell aperture wall 246 is spaced by a lower gap GL from the respective
one of the plurality of cells 212. A benefit to this configuration of the lower holder cell
aperture wall 238 is that it permits coolant to directly contact the cell 212 along an axial
portion of the outer surface 223 where the lower holder cell aperture wall 246 is present.
In this way, cooling or heating of the cell 212 (i.e. heat transfer between the cell 212 and
the coolant) is more uniform and the temperature of the cell 212 is more uniform along
the length of the cell 212.

[0188] As can be seen from the example shown in Figure 36, the plurality of lower
cell contact surfaces 246a and the plurality of lower wall valleys 246b may optionally
have polar symmetry about the lower holder cell aperture wall 246, in order to provide
even more uniformity to the heat transfer between the cell 212 and the coolant

surrounding the cell 212.

[0189] As can be seen in the example shown in Figure 36, the plurality of lower cell
contact surfaces 246a may occupy a larger portion of the lower holder cell aperture wall
246 than is occupied by the plurality of lower wall valleys 246b. However, in an
alternative embodiment shown in Figure 37A, the plurality of lower wall valleys 246b may
occupy a larger portion of the lower holder cell aperture wall 246 than is occupied by the
plurality of lower cell contact surfaces 246a, which provided further improved heat

transfer between the cells 212 and the coolant.

[0190] Inembodiments in which there is a mid-level holder 236 (Figure 26) provided,
the mid-level holder cell apertures 240 may each include a plurality of mid-level cell

contact surfaces and a plurality of mid-level wall valleys that may be shaped similarly
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and positioned in similar angular positions about the outer surface 223 of the body 222
of the cell 212.

[0191] The module cover 230 may itself be made up of several elements, including
an upper holder 248 and a top member 250 (Figure 16). As shown in Figure 34, the
upper holder 248 is closer to the top end 218 of each cell 212 than is the lower holder
234 (and than is the mid-level holder 236 in embodiments in which the mid-level holder
236 is provided). The upper holder 248 as shown in Figure 35 has a plurality of upper
holder cell apertures 252. The cells 212 are removably supported in the upper holder

cell apertures 238.

[0192] Eachupper holder cell aperture 252 is defined by an upper holder cell aperture
wall 254 that has a plurality of upper cell contact surfaces 254a for engaging the
respective one of the plurality of cells, and that has a plurality of upper wall valleys 254b
where the upper holder cell aperture wall 254 is spaced by an upper gap GU from the
respective one of the plurality of cells 212, to similar benefit as that provided by the lower
cell contact surfaces 246a and the plurality of lower wall valleys 246b. Optionally, the
upper wall valleys 254b are angularly aligned with the lower wall valleys 246b, thereby

facilitating a flow of coolant along the length of the cell 212.

[0193] By spacing the upper holder 248 from the lower holder 234 (and from the mid-
level holder 236 in embodiments in which the mid-level holder 236 is provided), the cell
212 is only captured along a portion of its length, leaving at least one intermediate portion
(shown at 256 in Figure 34) of its length completely exposed to coolant, thereby
improving the heat transfer between the cell 212 and the coolant, which in tum can in

some embodiments provide better uniformity of the temperature of the cell 212.

[0194] AXIAL FLOW OF COOLANT THROUGH MODULE

[0195] With reference to Figures 22A, 28 and 33, each module 208 has a coolant
inlet 320 for receiving coolant shown at 322 from a coolant source (shown in Figure 28
at 324), and a coolant outlet 326 (Figure 22A) for discharging coolant 322 from the
module 208. The coolant inlet 320 is positioned to transfer coolant 322 to an inlet
chamber 328 above the upper holder 248, and the coolant outlet 326 is positioned below
the coolant inlet 320, such that a coolant flow path (shown at 330) through the module

208 extends from the coolant inlet 320, into the inlet chamber 328, axially through the
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upper holder 248, axially through the lower holder 234, and out of the module through
the coolant outlet. Optionally there is an outlet chamber (shown at 332) beneath the
lower holder 234 and the bottom member 232 of the module housing 210, into which the
coolant 322 would flow after passing through the lower holder 234. If the mid-level holder
236 is provided, the coolant 322 would flow axially through the mid-level holder 236 as

well.

[0196] Inembodiments in which upper holder 248 has the upper wall valleys 254b so
as to be spaced from each cell 212 by the upper gaps GU, the coolant flow path 330
through the upper holder 248 is at least partially through the upper gaps GU between
the upper holder cell aperture wall 254 and the respective one of the plurality of cells
212.

[0197] In embodiments in which lower holder 234 has the lower wall valleys 246b so
as to be spaced from each cell 212 by the lower gaps GL, the coolant flow path 330
through the lower holder 234 is at least partially through the lower gaps GL between the

lower holder cell aperture wall 246 and the respective one of the plurality of cells 212.

[0198] It will be noted that the axial flow through the module 208 is advantageous
since it means that each cell 212 in the module 208 is exposed to essentially fresh
coolant, and not coolant that has already been spent cooling other cells 212. This is in
contrast to some battery packs of the prior art, which transport coolant (e.g. through
coolant conduits in the battery pack) horizontally across many rows of cells, such that
the coolant temperature has changed significantly once the coolant in the coolant
conduits has reached the last cells in the battery pack before leaving the battery pack.
Such prior art battery packs can experience relatively high amounts of variation in
temperature between the cells at one end of the battery pack (which see fresh coolant)
versus cells at the downstream end of the battery pack (which see coolant that has been
used to cool other cells already). As a result, such prior art battery packs are typically
operated inefficiently such that the cells receiving the least amount of heat transfer are
kept at the target temperature, and the other cells of the battery pack are cooled or
heated more than necessary, as the case may be. In the present embodiment of the
module 208, however, each cell 212 sees essentially fresh coolant and so there is a

greater degree of uniformity in the temperatures of the cells 212 therein.
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[0199] In some embodiments, such improved uniformity of the cell temperatures is
provided by virtue of the axial flow of the coolant, in combination with the presence of the
intermediate space between the upper and lower holders 248 and 234, which permits
the coolant 322 to directly contact the cells 212. This is in contrast to some battery packs
of the prior art in which coolant is not in direct contact with the cells, along their length,
but is instead transported through conduits, thereby hampering the heat transfer

between the coolant and the cells.

[0200] In some embodiments, such improved uniformity of the cell temperatures is
provided by virtue of the axial flow of the coolant, in combination with the presence of
gaps (e.g. the upper gaps GU and/or the lower gaps GL) between the upper holder 248
and/or the lower holder 234 and the outer surfaces of the cells 212, which improves heat
transfer between the cells 212 and the coolant 322 even in regions where a holder, such

as the upper holder 248 or the lower holder 234, is provided for the cells.

[0201] DESCRIPTION OF BUS BARS AND OVERALL ELECTRICAL FLOW
PATH

[0202] The upper bus bars 214 are electrically conductive and may be made from
any suitable material such as copper or aluminum and are held in the module housing
210. More specifically, the upper bus bars 214 may be held in the module cover 230.
As shown in Figures 20 and 21, the upper bus bars 214 may be connected together to
form an upper bus bar array 258 by an upper bus bar connecting matrix 260. As a result,
the upper bus bars 214 are installed all together as one element in the module cover 230
thereby simplifying assembly of the module cover 230. The upper bus bar connecting
matrix 260 is made from an electrically insulative material such as a suitable polymeric
material so as not to provide an electrical connection between the upper bus bars 214
that it connects together. The upper bus bar connecting matrix 260 may also function to
cover certain portions of the upper bus bars 214 in order to ensure that those portions
do not contact the cells 212 and cause a short circuit, while other portions are not covered

and are positioned for contact with the cells 212.

[0203] Asbestseenin Figures 15, 16 and 21, the plurality of cells 212 may include a
first subset of cells shown at 212a, a second subset of cells shown at 212b,third a first

subset of cells shown at 212c¢, a fourth subset of cells shown at 212d, a fifth subset of
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cells shown at 212e, a sixth subset of cells shown at 212f, a seventh subset of cells
shown at 212g, and an eighth subset of cells shown at 212h. The eighth subset of cells
212h, may also be referred to as a final subset of cells 212h. While eight subsets of cells
212 are shown, it will be understood that any suitable number of subsets of cells 212

may be provided, though preferably an even number of subsets of cells 212 is provided.

[0204] Each subset of cells 212 may be one row of eight cells 212 in the module 208,
as shown in Figures 15 and 16 in particular, such that the first subset of cells 212a is
positioned at a first end 300 of the module 208, while the final subset of cells 212 (i.e.
the eighth subset 212h) is provided at a second end (shown at 302) of the module 208.
Thus, the eight cells 212 within each subset operate in parallel, and connect to a
subsequent subset of eight cells 212, which also operate in parallel. In this configuration,
the battery pack 200 may provide any suitable number of volts, such as, for example
about 800V. In an alternative configuration, the cells 212 may be arranged such that
each subset of cells 212 includes two rows of cells 212. As a result, each module 208
may include four subsets of cells 212 wherein in each subset, there are 16 cells 212
operating in parallel. In such an embodiment, the battery pack may generate about 400V
instead of generating about 800V (assuming the total cell count for the battery pack 200

remains the same).

[0205] Figure 21 shows a not-to-scale, and somewhat schematic, sectional view of
two modules 208 (a first module 208a and a second module 208b), so as to illustrate the
arrangement of the upper and lower bus bars 214 and 216 in the modules 208. Each
module 208 may have four upper bus bars 214, including a first upper bus bar 214a, a
second upper bus bar 214b, a third upper bus bar 214c and a fourth upper bus bar 214d
all of which are connected together by the upper bus bar connecting matrix 260 to each
other so as to form the upper bus bar array 258. The first upper bus bar 214a is in
engagement with the positive cell terminals 224 of the first subset of cells 212a and the
negative cell terminals 226 from the second subset of cells 212b so as to electrically
connect the first subset of cells 212a with the second subset of cells 212b. The second
upper bus bar 214b is in engagement with the positive cell terminals 224 of the third
subset of cells 212¢ and the negative cell terminals 226 from the fourth subset of cells
212d so as to electrically connect the third subset of cells 212c with the fourth subset of
cells 212d. The third upper bus bar 214c is in engagement with the positive cell terminals

224 of the fifth subset of cells 212e and the negative cell terminals 226 from the sixth
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subset of cells 212f so as to electrically connect the fifth subset of cells 212e with the
sixth subset of cells 212f. The fourth upper bus bar 214d is in engagement with the
positive cell terminals 224 of the seventh subset of cells 212g and the negative cell
terminals 226 from the eighth subset of cells 212h so as to electrically connect the

seventh subset of cells 212e with the eighth subset of cells 212h.

[0206] Additionally, there are four lower bus bars 216, including a first lower bus bar
216a, a second lower bus bar 216b, a third lower bus bar 216¢ and a fourth lower bus
bar 216d all of which are connected together by a lower bus bar connecting matrix 261.
The first lower bus bar 216a is in engagement with the positive cell terminals 224 of the
second subset of cells 212b and the negative cell terminals 226 from the third subset of
cells 212¢ so as to electrically connect the second subset of cells 212b with the third
subset of cells 212c. The second lower bus bar 216b is in engagement with the positive
cell terminals 224 of the fourth subset of cells 212d and the negative cell terminals 226
from the fifth subset of cells 212e so as to electrically connect the fourth subset of cells
212d with the fifth subset of cells 212e. The third lower bus bar 216c is in engagement
with the positive cell terminals 224 of the sixth subset of cells 212f and the negative cell
terminals 226 from the seventh subset of cells 2129 so as to electrically connect the sixth
subset of cells 212f with the seventh subset of cells 212g. The fourth lower bus bar 216d
is in engagement with the positive cell terminals 224 of the eighth subset of cells 212h
and the negative cell terminals 226 from the first subset of cells 212a of the next module
208 over (which may be referred to as the subsequent module) so as to electrically
connect the eighth subset of cells 212h with the first subset of cells 212a of the
subsequent module 208. Thus, the fourth lower bus bar 216d electrically connect the
eighth subset of cells 212h from the first module 208a with the first subset of cells 212a
of the second module 208b. Similarly, the fourth lower bus bar 216d electrically connect
the eighth subset of cells 212h from the second module 208b with the first subset of cells
212a of a third module (not shown). The fourth lower bus bar 216d may be referred to
as a bridging bus bar 216d since it provides a bridge from one module 208 to the

subsequent module 208.

[0207] Referring to Figures 13A and 13B, the battery pack 200 may be arranged such
that the plurality of modules 208 include a first subset of the plurality of modules 208
(wherein the first subset is shown at 304), a second subset (shown at 306) of the plurality

of modules 208, a third subset (shown at 308) of the plurality of modules 208, and a
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fourth subset (shown at 310) of the plurality of modules 208. In the battery pack 200 that
is shown, each of the subsets 304, 306, 308 and 310 of modules 208 includes six
modules 208, however, the battery pack 200 could alternatively include more or fewer
modules 208 in each subset of modules, and could include more or fewer subsets of
modules 208.

[0208] Each module 208 in a subset of modules 208 is connected to a subsequent
module 208 in the subset via the bridging bus bar 216d, except for a final module 208 in
the subset, which is connected to a battery pack bus bar shown at 312, either for
connection to a subsequent subset of modules 208, or, in the case of the final module
(shown at 208f) in the fourth subset 310 of modules 208, for connection to a positive
battery pack terminal 274. Additionally, the negative terminals 226 of the first subset of
cells 212a on the first module 208a of the first subset 304 of modules 208, is connected
to a battery pack bus bar 312 that is connected to a negative battery pack terminal 275.
The positive and negative battery pack terminals 274 and 275 are used to electrically
connect the battery pack 200 to one or more electrical elements in the vehicle 10, such

as for example, the electric motor 13 or a charging system (not shown).

[0209] When describing a particular module 208, it may be said that the upper bus
bar 214 and the plurality of cells 212 (along with the other upper bus bars 214 and lower
bus bars 216 in the module 208) are electrically connected (along with a plurality of other
modules 208) to the positive battery pack terminal 274 and the negative battery pack
terminal 275 of the battery pack 200 in such a way as to form an electric circuit with the
upper bus bar 214 and the plurality of cells 212, for charging and discharging the plurality
of cells 212. Discharging of the cells 212 may occur, for example, during operation of
the electric vehicle 11, by using the energy stored in the cells 212 to drive the electric
motor 13, while charging of the cells 212 may occur during, for example, regenerative

braking, or during charging of the vehicle 11 while the vehicle 11 is parked.

[0210] In the 400V configured described above, it would be understood that the
module 208 would only include first and second upper bus bars 214a and 214b and first
and second lower bus bars 216a and 216b, wherein each of the busbars 214 and 216

engages 16 cells 212 in parallel.
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[0211] LOWER BUS BAR ARRAY EXTENDS THROUGH ENTIRE SUBSETS OF
MODULES

[0212] Reference is made to Figures 41 and 42, which show a lower bus bar array
340 that includes the lower bus bars 216 for all of the modules 208 in a single subset
304, 306, 308 or 310, and which are held together with a lower bus bar connecting matrix
342 that may be similar to the upper bus bar connecting matrix 260. The lower bus bar
array 340 extends through suitable apertures in the module housings 210 in order to

extend substantially the length of the battery pack wet chamber 204.

[0213] During operation of the battery pack 200, many measurements will be taken
of certain properties of the battery pack 200, such as the temperature at selected regions
of each module 208, and the voltages across each pair of upper and lower bus bars 214
and 216 (e.g. the pair of bus bars made up of the first upper bus bar 214a and the first
lower bus bar 2164, the pair of bus bars made up of the second upper bus bar 214b and
the second lower bus bar 216b, and so on). Sensors for measuring the voltages are
provided at 350 generally. Since there are four pairs of upper and lower bus bars 214
and 216 in each module 208 in the example shown, there are four voltage sensors for
each module, shown individually at 350a, 350b, 350c and 350d (seen best in Figure 19).
In order to transmit the signals from these voltage sensors 350 outside of the battery
pack wet chamber 204 to a control system for the battery pack 200 (shown at 352 in
Figures 46 and 47), a series of electrical traces 354 are provided on one or more flexible
circuit boards 356 that may be mounted directly onto the lower bus bar array 340. Inthe
embodiment shown, there are two such flexible circuit boards 356 that are laminated

directly onto the lower bus bar array 340.

[0214] SPRINGS URGING BUS BAR ARE NOT PART OF THE ELECTRIC
CIRCUIT FORMED WITH THE CELLS

[0215] Foreach upper bus bar 214 that is provided, at least one biasing member 262
is positioned between the module housing 210 and the upper bus bar 214, so as to urge
the upper bus bar 214 against the positive cell terminals 224 of a first subset of cells
shown at 264 from the plurality of cells 212 and the negative cell terminals 226 from a
second subset of cells shown at 266 from the plurality of cells 212. The at least one

biasing member 262 may be any suitable type of biasing member, such as, for example,
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a plurality of helical compression springs 269, including a helical compression spring 270
for each cell 212 from the first and second subsets of cells 264 and 266 from the plurality
of cells 212. Each helical compression spring 270 has a first end 271 and a second end
272. The first end 271 is engaged with the upper bus bar 214 and the second end 272
is engaged with a seat 273 in the module housing 210 (e.q. in the top member 250) so
as to urge the upper bus bar 214 against the positive cell terminals 224 of the first subset
of cells 264 from the plurality of cells 212 and against the negative cell terminals 226
from the second subset of cells 266 from the plurality of cells 212. The seat 273 may be
provided any suitable way. For example, the seat 273 may be a form that is directly
molded into the top member 250, in embodiments in which the entire top member 250 is
made from a non-electrically-conductive material (e.g. an electrically insulative material).
The seat 273 may alternatively be a separate member that is mounted to the top member
250, and may itself be made from a non-electrically-conductive material. Regardless of
how the seat 273 is provided, the presence of the seat 273 permits the at least one
biasing member 262 to be made from a material that is most suitable for its use as a
biasing member without regard to whether it is electrically conductive. Accordingly, the
at least one biasing member 262 may be made from a material such as a metal that is

electrically conductive.

[0216] The upperbus bar 214 and the plurality of cells 212 (along with the other upper
bus bars 214 and lower bus bars 216 in the module 208) are electrically connected (along
with a plurality of other modules 208) to a positive battery pack terminal 274 and a
negative battery pack terminal 275 of the battery pack 200 in such a way as to form an
electric circuit with the upper bus bar 214 and the plurality of cells 212, for charging and
discharging the plurality of cells 212. Discharging of the cells 212 may occur, for
example, during operation of the electric vehicle 11, by using the energy stored in the

cells 212 to drive the electric motor 13.

[0217] As a result of the presence of the seat 273, the at least one biasing member
262 may be made from any suitable material without concem as to whether the at least
one biasing member 262 is electrically conductive, since the seat 273 prevents current
from the aforementioned electric circuit from passing through the at least one biasing
member 262. Accordingly, the at least one biasing member 262 may be made from

spring steel or any other suitable material.
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[0218] Ascan be seenin Figure 22B, the seat 273 may be relatively deep so that the
helical compression spring 270 is prevented from buckling during use. In the
embodiment shown, the seat 273 may have a depth Ds that is greater than one half of
the length of the helical compression spring 270. Additionally, as an option, the seat 273
may include both a surround for surrounding the helical compression spring 270 and also
a center pin 279 that is received in the central aperture of the helical compression spring
270.

[0219] In other embodiments a seat that is non-electrically conductive may be
provided at the first end 271 of the helical compression spring 270 in order to electrically

insulate the helical compression spring 270 from the upper bus bar 214.

[0220] In yet other embodiments the at least one biasing member 262 may be made
from a suitable metal that is electrically conductive, but may have a coating of a non-
electrically conductive material in order to ensure that the at least one biasing member

262 does not form part of the electric circuit.

[0221] In still other embodiments, the at least one biasing member 262 may be made
from an electrically conductive material but may be other than a plurality of helical
compression springs 270. For example, the at least one biasing member 262 may be a
plurality of wave springs, such as the Smalley™ wave spring, a plurality of disc springs,

a plurality of wave washers, or any other suitable type of spring.

[0222] In still other embodiments, the at least one biasing member 262 may be made
from a material that is made from a non-electrically conductive material such as a suitable

elastomeric material, a closed-cell foam, or some other suitable material.

[0223] FLAT CONTACT BETWEEN BUS BAR AND CELLS

[0224] Referring to Figures 20, 23 and 24, for each cell 212 from the first and second
subsets of cells 264 and 266 from the plurality of cells 212, the upper bus bar 214 has a
contact arrangement 268 that includes a contact element 280 having a contact surface
282 that is in contact with one of the positive and negative terminals 224 and 226 of the
aforementioned cells 212 from the first and second subsets of cells 264 and 266. Each

contact arrangement 268 further includes a first flex arm 284 that extends from the
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contact element 280 to a first arm support 286, and a second flex arm 288 that extends

from the first arm support 286 to a second arm support 290.

[0225] Figures 23 and 24 are an exaggerated representation of the contact
arrangement 268 when the upper bus bar 214 is in an unflexed condition and when the
upper bus bar 214 is flexed by the at least one biasing member 262, respectively. When
the upper bus bar 214 is in an unflexed condition as shown in Figure 23, the second arm
support 290 defines a bus bar plane Pb. The first flex arm 284 and the second flex arm
288 are positioned such that flexure of the first flex arm 284 relative to the first arm
support 286, and flexure of the second flex arm 288 relative to the second arm support
290 together position the contact surface 282 of the contact element 280 to be parallel
to but offset from the bus bar plane Pb, as shown in Figure 24. It will be understood that
the contact surface 282 may be parallel to and offset from the bus bar plane Pb even
when the upper bus bar 214 is in the unflexed condition as shown in Figure 23, however
the presence of the first contact arrangement 268 that permits flexure of the upper bus
bar 214 while remaining parallel to and while being further offset from the bus bar plane

Pb is nonetheless advantageous.

[0226] Inthe embodiment shown in Figures 19 and 20, the first flex arm 284 extends
from the first arm support 286 towards the contact element 280 in a first arm direction
(shown at D1), and the second flex arm 288 extends from the second arm support 290
towards the first arm support 286 in a second arm direction D2 that is generally opposite
the first arm direction D1. An example of this can be seen for the contact element shown
at 280a.

[0227] For the purposes of the present description, the term generally opposite

means within about 30 degrees angularly of being precisely opposite.

[0228] In the embodiment shown in Figures 19 and 20, the first arm support 286 is
an enclosed, hollow shape and the first flex arm 284 is connected to the enclosed, hollow
shape at a first connection region 292, while the second flex arm 288 is connected to the
enclosed, hollow shape at a second connection region 294. As can be seen, for the
contact element 280a, the second connection region 294 is positioned opposite to the
first connection region 292 about the enclosed hollow shape. The enclosed hollow

shape of the first arm support 286 may be a circular ring as shown in Figures 19 and 20.
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Thus, for the contact element 280a, the first connection region 292 and the second

connection region 294 may be said to be positioned diametrically opposite one another.

[0229] In order to facilitate keeping the contact surface 282 parallel to the bus bar
plane Bp, the cross-sectional area of the first flex arm 284 (which may be referred to as
a first arm cross-sectional area) may be approximately the same as the cross-sectional
area of the second flex arm 288 (which may be referred to as a second arm cross-
sectional area). Since the upper bus bar 214 may be formed from a sheet of material
(e.g. copper sheet), which has a generally consistent thickness throughout, elements
having approximately the same width will have approximately the same cross-sectional
area. The width W1 of the first flex arm 284 can be seen to be approximately the same
as the width W2 of the second flex arm 288, at least for the contact element 280a. It will
be noted that, for certain configurations of the upper bus bar 214 certain parts may act
as different things in relation to different contact elements 280. For example, the second
flex arm support shown at 290a for supporting the second flex arm shown at 288a for
the first contact element 280a, may also be the first arm support shown at 286b for

supporting the first flex am shown at 284b, for a second contact element 280b.

[0230] For greater certainty, the upper bus bar connecting matrix 260 that connects
the first upper bus bar shown at 214a to the second upper bus bar shown at 214b may
be considered to not be a second flex arm, since it is made up only of polymer and does
not include metal, and is consequently much less stiff than the material of the upper bus
bars 214a and 214b.

[0231] With continued reference to Figures 19 and 20, each contact element 280 may
include a receiving surface 296 that is engaged by the first end 271 of the helical
compression spring 270 and a guide wall 298 that at least partially surrounds the first
end 271 of the helical compression spring 270, thereby inhibiting the helical compression

spring 270 from slipping out of engagement with the contact element 280 during use.

[0232] By ensuring that the contact element 280 sits flat on the associated positive
or negative terminal 224 or 226 as the case may be, of the associated cell 212, there is
good contact between the contact element 280 and the cell 212, which provided for
reduced electrical resistance at the connection therebetween. This in turn reduces the

amount of heat that is generated at the connection, which reduces the amount of work
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that is needed of the coolant in order to control the temperature of the cell 212 during

operation of the electric vehicle 11.

[0233] It will be noted, for example, that, in the context of describing the arrangement
of the upper bus bar 214 so as to provide for flat contact between the contact element
280 and the associated cell 212, it is not important what the material of the at least one
biasing member 262 is. Accordingly, the at least one biasing member 262 could be a

layer of closed-cell foam, for example, which is electrically insulative.

[0234] REMOVAL OF BUS BAR WHEN REMOVING MODULE COVER -
AUTOMATIC ELECTRICAL DISCONNECTION OF CELLS

[0235] In order to access the cells 212 in one of the modules 208, a user removes
the module cover 230. This may be accomplished by loosening (or entirely removing)
the three mechanical fasteners shown at 298 in Figure 14. The mechanical fasteners
298 may be threaded fasteners, for example, or any other suitable type of fastener. Upon
loosening or removing the mechanical fasteners 298, the module cover 230 may be lifted
off (Figure 15) the lower housing portion 228, which exposes the plurality of cells 212
contained within the module housing 210. As noted above, the upper bus bar 214 is
connected to the module cover 230. As a result, when the module cover 230 is removed
from the lower housing portion 228 to expose the cells 212, the upper bus bar 214 is
automatically removed with it, which automatically opens the electrical circuit that the
upper bus bar 214 was a part of. As a result, the user may touch and remove any cell
without being exposed to more than the voltage of that particular cell. Thus, removing
the module cover 230 in order to gain access to the cells 212 automatically breaks the
circuit that the cells 212 were a part of, which renders the act of accessing the cells 212
(e.g. for removal or replacement) more safe than in some battery packs of the prior art,
and particularly battery packs in which the electrical conduits to the cells are welded to

the cells.

[0236] The upper bus bar 214 may be mounted to the module cover 230 in any
suitable way. As shown in Figure 22B, the upper bus bar 214 may be captured between
the upper holder 248 and the top member 250. The upper holder 248 may be connected
to the top member 250 by any suitable means, such as by a plurality of mechanical

fasteners shown at 314 (Figure 16).
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[0237] Worded a different way, the module cover 230 is removably mounted to the
lower housing portion 228 to hold the upper bus bar 214 in engagement with the positive
cell terminals 224 of the first subset of cells 212a and the negative cell terminals 226
from the second subset of cells 212b so as to electrically connect the first subset of cells
212a with the second subset of cells 212b, and is removable therefrom so as to remove
the upper bus bar 214 from engagement with the first subset and second subsets of cells
212a and 212b, so as to expose the plurality of cells 212 while also electrically
disconnecting the first subset of cells 212a from the second subset of cells 212b, so as
to permit removal of at least one of the plurality of cells 212 from the lower housing portion
228.

[0238] In the context of the overall battery pack 200, it will be understood that,
mounting the module covers 230 to the lower housing portions 228 of all of the modules
208 from the first subset 304 of modules 208 electrically connects all of the modules 208
from the first subset of modules 208 together to provide an electrical flow path through
the first subset of modules 304. Removal of any one of the module covers 230 from the
lower housing portions 228 of any of the modules 208 from the first subset of modules

208 breaks the electrical flow path through the first subset of modules 208.

[0239] LOW SPRING FORCE AGAINST UPPER BUS BAR

[0240] Figure 22B shows the module cover 230 when not installed on the lower
housing portion 228 (i.e. in a pre-installation position). In this position, the upper bus bar
214 is urged by the at least one biasing member 262 into engagement with the top
surface (shown at 334) of the upper holder 248. Accordingly, the top surface 334 may
be referred to as a bus bar support surface 334 of the module cover 230. It will be noted
that it is advantageous for the upper bus bar 214 to be as flexible as possible, so as to
reduce the amount of force that is required from the at least one biasing member 262 in
order to provide for flat engagement between the contact elements 280 and the cells
212. However, it will be understood that, when the module cover 214 is not installed on
the lower housing portion 228, the at least one biasing member (e.g. the helical
compression springs 270) may exert a force against the contact elements 280, which are

simply supported in cantilever. It is therefore advantageous for the force exerted by the
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at least one biasing member 262 to be as low as possible to as to avoid damaging the

first and second flex arms 284 and 288.

[0241] The at least one biasing member 262 also has sufficient travel to permit
movement of the upper bus bar 214 from the pre-installation position shown in Figure
22B to the installation position shown in Figure 22A, when the module cover 230 is
installed on the lower housing portion 228, so as to apply a small force (optionally,
essentially zero) against the upper bus bar 214 to keep it against the bus bar support
surface 334 when the module cover 230 is not installed on the lower housing portion
228, while also not applying an excessive force on the contact elements 280 in order to
keep them in flat engagement with the cells 212 (i.e. with the positive and negative
terminals 224 and 226 of the cells 212).

[0242] The axial position of the bus bar support surface 334 relative to the position of
the top ends 218 of the cells 212 may be selected to be a selected distance in order to
keep the force applied by the at least one biasing member 262 on the contact elements
280 to be less than about 30 N when the upper bus bar 212 is supported on the bus bar
support surface 334. In embodiments wherein there is a biasing member (such as the
helical compression spring 270) for each contact element 280, the biasing force applied
by the biasing member on each contact element 280 may be well below 30 N and may

be in some embodiments between about 3 N and 2 N, or even less than 2 N.

[0243] VOLTAGE TAPS

[0244] Figures 22A and 22B illustrate how the voltage sensors 350 are configured,
while still permitting the module cover 230 to be removed and installed on the lower
housing portion 228. Each voltage sensor 350 includes an electrical conductor 360 that
may be a solid rod made from a conductive material such as copper (and which may be
referred to as a voltage measurement rod 360), which is fixedly mounted (e.g. to the
lower housing portion 228) in contact with the lower bus bar 216 and in engagement with
a trace 354 on one of the flexible circuit boards 356. The electrical conductor 360
extends upwards from the lower bus bar 216 to a top end shown at 362 (also referred to
as its free end 362, particularly in embodiments in which it isn’t at the top of the electrical
conductor 360). At the free end 362, there is a shoulder 364, a guide projection 366

(which together may be referred to as a bus bar engagement feature 368). The upper
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bus bar 214 has a rod engagement feature 370 that may be, for example, a tab 372 with
atab aperture 374 thereon, that is sized to receive the guide projection 366 therethrough.
The tab 372 is positioned to rest against the shoulder 364 of the voltage measurement
rod 360. In some embodiments, the at least one biasing member 262 includes a

dedicated tab biasing member which may be one of the helical compression springs 270.

[0245] In some embodiments, it is possible for the voltage measurement rods 360 to
be mounted to the module cover 230 so as to be fixedly in contact with the upper bus
bars 214 and to removably engage the lower bus bars 216 when the module cover 230

is mounted to the lower housing portion 228.

[0246] Based on the above, it may, therefore, be said that the voltage measurement
rod 360 is mounted to one of the module cover 230 and the lower housing portion 228
in electrical connection with one of the upper and lower bus bars 214 and 216, and
extends from said one of the module cover 230 and the lower housing portion 228. [t
may further be said that the other of the upper and lower bus bars 214 and 216 has a
rod engagement feature 370 thereon that is positioned to removably engage the voltage
measurement rod 360 by mounting of the module cover 230 onto the lower housing
portion 228. The module 208 further includes a signal conduit (e.q. the associated trace
354 that is mounted to the lower housing portion 228 (by being mounted to the lower bus
bar 216, which is itself mounted in the lower housing portion 228) for transmitting a

voltage measurement between the upper and lower bus bars 214 and 216 to a controller.

[0247] Optionally, the guide projections 366 on the voltage measurement rods 360
are tapered (e.g. conical) in order to facilitate guiding the voltage measurement rods 360

into the tab apertures 374 to ensure that the tabs 372 engage the shoulders 364.

[0248] COOLANT FLOW THROUGH THE FRAME

[0249] Reference is made to Figures 12, 13, 14 and 28, which shows the battery pack
200. As noted above, the battery pack housing 202 in the example shown, includes the
battery pack wet chamber 204 (which is filled with coolant 322), and the battery pack dry
chamber 206 which is not filled with coolant 322. The battery pack housing 202 includes
a battery pack frame 380, a first battery pack cover 382 and a second battery pack 384
which cooperate with the battery pack frame 380 to define the battery pack wet chamber

204. A third battery pack cover 386 and a fourth battery pack cover 388 cooperate to
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define the battery pack dry chamber 206 in embodiments in which the battery pack dry
chamber 206 is provided.

[0250] Asshownin Figure 28, the battery pack frame 380 includes a plurality of frame
members 390 that are mounted to one another. In the embodiment shown, the frame
members 390 may be separate elements that are connected to one another via
mechanical fasteners or by welding or any other suitable joining method. In some
embodiments, the frame members 390 may be formed all together via 3D printing or the
like. In the example shown, the frame members 390 include a first primary frame
member 392, a second primary frame member 394, a plurality of cross-members 396
that may be categorized into a plurality of secondary frame members 398 and a plurality

of tertiary frame members 400.

[0251] The battery pack 200 includes at least a portion of a coolant circuit, shown at
402, for circulating coolant from a coolant source (shown at 404 in Figure 46), and
through the battery pack wet chamber 204 in order to carry out heat transfer with the

plurality of cells 212 (shown in other figures).

[0252] In the present example, at least one of the plurality of frame members 390
directly defines a frame member conduit 406 that makes up part of the coolant circuit
402. In the present example, substantially all of the frame members 390 define frame

member conduits 406.

[0253] Figure 29 shows the first primary frame member 392. The frame member
conduit 406 may be referred to as an inlet header 408, which has an inlet header inlet
410 that is fluidically connected to and downstream from the coolant source 404, and

has a plurality of inlet header outlets 412.

[0254] Each of the inlet header outlets 412 has a selected size. The sizes of the inlet
header outlets 412 are selected so as to provide flow rates of coolant through the inlet
header outlets 412 that are all within about 50% of one another. In some embodiments,
the flow rates may all be within 30% of one another. In some further embodiments, the

flow rates may all be within 15% of one another.

[0255] Reference is made to Figure 31, which shows one of the secondary frame
members 398. Each secondary frame member 398 defines a secondary conduit 414

that has a secondary conduit inlet 416 and a plurality of secondary conduit outlets 418.
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Each secondary conduit outlet 418 discharges coolant to an associated subset of cells

(e.g. to an associated module 208).

[0256] Each of the secondary conduit outlets 418 has a size. The sizes of the
secondary conduit outlets 418 are selected so as to provide flow rates of coolant through
the secondary conduit outlets that are all within about 50% of one another. In some
embodiments, the flow rates may all be within 30% of one another. In some further

embodiments, the flow rates may all be within 15% of one another.

[0257] The coolant flows from the secondary conduit outlets 418 into the modules
208 of the battery pack 200 axially through each module 208, and then out from the
modules 208. Figure 33 shows the top member 250 with the coolant inlet 320 for the
associated module 208, and a plurality of guides 420 and partitions 422 which direct the
coolant to distribute throughout the inlet chamber 328 so as to provide relatively even

flow throughout the inlet chamber 328 and axially down through the module 208.

[0258] Reference is made to Figure 32, which shows one of the tertiary frame
members 400. The tertiary frame members 400 extend from the first primary frame
member 392 through the plurality of cells 212. Each of the tertiary frame members 400
defines a tertiary conduit 422 having a plurality of tertiary conduit inlets 424 and a tertiary
conduit outlet 426. Each tertiary conduit inlet 424 receives coolant from the associated

subset of cells 212 (e.g. from the coolant outlet from the associated module 208).

[0259] Referring to Figure 29, the second primary frame member 394 defines an
outlet header 430 having a plurality of outlet header inlets 432 each of which is fluidically
connected to and downstream from one of the plurality of tertiary conduits 422, and has

an outlet header outlet 434 that is upstream from the coolant source 404 (Figure 28).

[0260] The coolant 322 that flows through the coolant circuit may be any suitable type
of coolant, such as a dielectric coolant that is electrically insulative. An example of a

suitable coolant in some embodiments may be AmpCool® AC-110 Dielectric Coolant.

[0261] MOLDING OF THE PCB AND BUS BAR TO THE BATTERY PACK
HOUSING BETWEEN THE WET AND DRY SIDE

[0262] With reference to Figures 38, 39 and 40, the lower bus bar arrays 340 and the

may connect to the control system in the battery pack dry chamber 206.
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[0263] As can be seen, a plurality of inner signal-carrying electrical conduits (the
traces 354) in the battery pack wet chamber 204 connect with a plurality of outer signal-
carrying electrical conduits (conduits shown at 480) outside of the battery pack wet
chamber 206.

[0264] A printed circuit board 482 is provided that extends through a PCB aperture
484 in the battery pack housing 202. The printed circuit board 482 has a first board
portion 482a that is inside the battery pack wet chamber 206 and a second board portion
482b that is outside the battery pack wet chamber 206. The inner signal-carrying
electrical conduits connect to the first board portion 482a, and the outer signal-carrying

electrical conduits 480 connect to the second board portion 482b.

[0265] A PCB sealing member 486 that is sealingly connected to the printed circuit
board 482 and to the battery pack housing 202 is provided to seal against coolant
leakage through the PCB aperture 484.

[0266] A controller (that is part of a control system 500 for the battery pack 200) is
positioned outside the battery pack wet chamber 206 and receives signals from the outer
signal-carrying electrical conduits 480, and controls operation of the battery pack 200,

based at least in part on the signals.

[0267] Figure 46 shows a schematic representation of the elements on in the battery
pack dry chamber 206, including the control system 500. The control system 500 shown
here includes a plurality of individual controllers. The control system 500 may

alternatively be referred to as the battery management system 500.

[0268] LOCKING OF MODULES BY CROSS-MEMBERS

[0269] It will be noted that the cross-members 396 of the battery pack frame 380 are
shaped to lock the modules adjacent to them in place. As can be seen, the cross-
members 396 include recesses 510 that receive lips 512 of the lower housing portions

228 from the adjacent modules 208.

[0270] Those skilled in the art will appreciate that the embodiments disclosed herein
can be modified or adapted in various other ways whilst still keeping within the scope of

the appended claims.
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CLAIMS

What is claimed is:

1. A module for a battery pack for an electric vehicle, comprising:

a plurality of cells, wherein each of the cells has a top end and a bottom end,
and a positive cell terminal and a negative cell terminal, wherein the plurality of cells
include a first subset of cells, each having the positive cell terminal at the top end and
the negative cell terminal at the bottom end, a second subset of cells, each having the
negative cell terminal at the top end and the positive cell terminal at the bottom end;

a module housing including a lower housing portion that includes a lower
holder, and a module cover, wherein the lower holder has a plurality of lower holder
cell apertures, wherein the plurality of cells are removably supported in the lower
holder cell apertures;

an upper bus bar that is electrically conductive, and is mounted to the module
cover; and

at least one biasing member that is positioned between the module housing
and the upper bus bar so as to urge the bus bar against the positive cell terminals of
the first subset of cells and the negative cell terminals from the second subset of cells,

wherein the module cover is removably mounted to the lower housing portion
to hold the upper bus bar in engagement with the positive cell terminals of the first
subset of cells and the negative cell terminals from the second subset of cells so as to
electrically connect the first subset of cells with the second subset of cells, and is
removable therefrom so as to remove the upper bus bar from engagement with the
first subset of cells, so as to expose the plurality of cells while also electrically
disconnecting the first subset of cells from the second subset of cells, so as to permit

removal of at least one of the plurality of cells from the lower housing portion.

2. A module for a battery pack as claimed in claim 1, wherein a voltage

measurement rod is mounted to one of the module cover and the lower housing portion

in electrical connection with one of the upper and lower bus bars, and extends from

said one of the module cover and the lower housing portion, wherein the other of the

upper and lower bus bars has a rod engagement feature thereon that is positioned to
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removably engage the voltage measurement rod by mounting of the module cover
onto the lower housing portion, wherein the module further includes a signal conduit
that is mounted to the lower housing portion for transmitting a voltage measurement

between the upper and lower bus bars to a controller.

3. A module for a battery pack as claimed in claim 2, wherein the voltage
measurement rod is mounted to the lower housing portion in electrical connection with
the lower bus bars, and extends upward from the lower housing portion, wherein the
upper bus bar has the rod engagement feature thereon that is positioned to removably
engage the voltage measurement rod by mounting of the module cover onto the lower

housing portion.

4. A module for a battery pack as claimed in claim 1, wherein the module has a
coolant inlet for receiving coolant from a coolant source, and a coolant outlet for
discharging coolant from the module, wherein the coolant inlet is positioned to transfer
coolant into an inlet chamber above the upper holder cell apertures and the coolant
outlet is positioned below the coolant inlet, such that a coolant flow path through the
module extends from the coolant inlet, into the inlet chamber, downward axially along

the plurality of cells, and out through the coolant outlet.

5 A module for a battery pack as claimed in claim 1, wherein the plurality of cells
includes a third subset of cells, each having the positive cell terminal at the top end
and the negative cell terminal at the bottom end,

and wherein the module further comprises a lower bus bar that is electrically
conductive and that is mounted to the module housing underneath the bottom ends of
the plurality of cells, for removable engagement with the positive cell terminals of the

second subset of cells and the negative cell terminals from the third subset of cells.

6. A battery pack for an electric vehicle, comprising:
a battery pack housing;
a plurality of modules positioned inside the battery pack housing, wherein each
module includes
a plurality of cells, wherein each of the cells has a top end and a bottom
end, and a positive cell terminal and a negative cell terminal, wherein the
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plurality of cells include a first subset of cells, each having the positive cell
terminal at the top end and the negative cell terminal at the bottom end, a
second subset of cells, each having the negative cell terminal at the top end
and the positive cell terminal at the bottom end;
a module housing including a lower housing portion that includes a lower
holder, and a module cover, wherein the lower holder has a plurality of lower
holder cell apertures, wherein the plurality of cells are removably supported in
the lower holder cell apertures;
a first upper bus bar that is electrically conductive, and is mounted to the
module cover;
at least one biasing member that is positioned between the module
housing and the upper bus bar so as to urge the bus bar against the positive
cell terminals of the first subset of cells and the negative cell terminals from the
second subset of cells,
wherein the module cover is removably mounted to the lower housing
portion to hold the upper bus bar in engagement with the positive cell terminals
of the first subset of cells and the negative cell terminals from the second subset
of cells so as to electrically connect the first subset of cells with the second
subset of cells, and is removable therefrom so as to remove the upper bus bar
from engagement with the first subset of cells, so as to expose the plurality of
cells while also electrically disconnecting the first subset of cells from the
second subset of cells, so as to permit removal of at least one of the plurality of
cells from the lower housing portion,
wherein the plurality of modules includes a first subset of modules, wherein, for
each module from the first subset of modules except for a final module from the first
subset of modules, each module includes a bridging bus bar that connects the positive
terminals of a final subset of cells from said each module to the negative terminals of
the first subset of cells from a subsequent one of the modules from the first subset of
modules,

wherein mounting the module covers to the lower housing portions of all of the
modules from the first subset of modules electrically connects all of the modules from
the first subset of modules together to provide an electrical flow path through the first

subset of modules, and wherein removal of any one of the module covers from the
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lower housing portions of any of the modules from the first subset of modules breaks

the electrical flow path through the first subset of modules.

7. A module for a battery pack for an electric vehicle, comprising:

a module housing;

a plurality of cells supported in the module housing, wherein each cell from the
plurality of cells includes a positive cell terminal and a negative cell terminal,

a bus bar that is electrically conductive,

at least one biasing member having a first end and a second end, wherein the
first end is engaged with the bus bar and the second end is engaged with a seat in the
module housing so as to urge the bus bar against the positive cell terminals of a first
subset of cells from the plurality of cells and against the negative cell terminals from a
second subset of cells from the plurality of cells, wherein the at least one biasing
member is made from a metal that is electrically conductive, and wherein the seat in
the module housing is made from a non-conductive material, and

wherein the bus bar and the plurality of cells are electrically connected to a
positive battery pack terminal and a negative battery pack terminal of the battery pack
in such a way as to form an electric circuit with the bus bar and the plurality of cells for
charging and discharging the plurality of cells,

wherein the seat in the module housing prevents current from the electric circuit

from passing through the at least one biasing member.

8. A module as claimed in claim 7, wherein the at least one biasing member
includes a helical compression spring for each cell from the first and second subsets

of the plurality of cells.

9. A battery pack as claimed in claim 7, wherein the at least one biasing member
includes a layer of resilient material that extends across the bus bar over an area that
overlaps at least partially each cell from the subset of the cells from the plurality of
cells.

10. A module for a battery pack for an electric vehicle, comprising:
a plurality of cells, wherein each of the cells has a top end and a bottom end
and defines an axis;
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a module housing including a lower holder and an upper holder,

wherein the lower holder has a plurality of lower holder cell apertures, and the
upper holder has a plurality of upper holder cell apertures, wherein the plurality of cells
are supported in the lower holder cell apertures and the upper holder cell apertures,
and wherein the upper holder is spaced from the lower holder by an intermediate
space, such that a portion of a length of the plurality of cells is exposed between the
upper and lower holders,

wherein the module has a coolant inlet for receiving coolant from a coolant
source, and a coolant outlet for discharging coolant from the module, wherein the
coolant inlet is positioned to transfer coolant to an inlet chamber above the upper
holder, and the coolant outlet is positioned below the coolant inlet, such that a coolant
flow path through the module extends from the coolant inlet, into the inlet chamber,
axially through the upper holder into the intermediate space, axially through the lower

holder, and out of the module through the coolant outlet.

11. A module as claimed in claim 10, wherein each of the upper holder cell
apertures is defined by an upper holder cell aperture wall that has a plurality of upper
cell contact surfaces for engaging a respective one of the plurality of cells, and has a
plurality of upper wall valleys wherein at each of the upper wall valleys, the upper
holder cell aperture wall is spaced by an upper gap from said respective one of the
plurality of cells,

wherein the coolant flow path through the upper holder is at least partially
through the upper gaps between the upper holder cell aperture wall and the respective

one of the plurality of cells.

12. A module as claimed in claim 10, wherein each of the lower holder cell
apertures is defined by a lower holder cell aperture wall that has a plurality of lower
cell contact surfaces for engaging a respective one of the plurality of cells, and has a
plurality of lower wall valleys wherein at each of the lower wall valleys, the lower holder
cell aperture wall is spaced by an upper gap from said respective one of the plurality
of cells,

wherein the coolant flow path through the lower holder is at least partially
through the lower gaps between the lower holder cell aperture wall and the respective
one of the plurality of cells.
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Continuation of: Box No. III

Group A: Claims 1-9

A module for a battery pack for an electric vehicle, comprising: a module housing, a bus that is electrically conductive; and at least one biasing
member that is positioned between the module housing and the bus bar so as to urge the bus bar against the positive cell terminals of the first
subset of cells and the negative cell terminals from the second subset of cells.

Group B: Claims 10-12

A module for a battery pack for an electric vehicle, comprising: a module housing including a lower holder and an upper holder, wherein the
module has a coolant inlet for receiving coolant from a coolant source, and a coolant outlet for discharging coolant from the module, wherein
the coolant inlet is positioned to transfer coolant to an inlet chamber above the upper holder, and the coolant outlet is positioned below the
coolant inlet, such that a coolant flow path through the module extends from the coolant inlet, into the inlet chamber, axially through the upper
holder into the intermediate space, axially through the lower holder, and out of the module through the coolant outlet.
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