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BATTERY SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of priority under 35 U.S.C. § 119(e) of
(and also expressly incorporates by reference herein in its entirety) the following related

application: U.S. Provisional Patent Application No. 60/515,346 filed October 28, 2003.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

[0002] The Government of the United States has rights in this invention pursuant to
Contract No. DE-FC26-95EE50425 awarded by the U.S. Department of Energy.

BACKGROUND

[0003] The present inventions generally relate to a battery system. The present inventions
also relate to a battery system comprising a module and at least one cell. The present
inventions also relate to a battery system comprising a battery of a type comprising a

lithium battery cell (e.g., a lithium-ion, lithium-polymer or the like).

[0004] Various battery systems have been used in vehicles such as automobiles. It is also
known to provide for a battery system that is used at least in some combination with other
systems (such as an internal combustion engine) to provide power for the vehicle. For
example, it is known to provide a hybrid-electric vehicle having a battery system and an
internal combustion that operate in combination to power the vehicle. In such known

vehicles, the battery systexm may typically comprise a nickel metal-hydride battery.

[0005] It is also known to provide a battery system comprising a lithium battery. It is
generally known that lithium batteries may perform differently than nickel metal-hydride
batteries. In some applications, it may be desirable to obtain the enhanced
power/performance of a lithium battery (e.g., a lithium ion or lithium polymer). However,
the application of lithium battery technology may present design and engineering challenges
beyond those typically presented in the application of conventional nickel metal-hydride

battery technology.
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[0006] The design and management of a lithium battery system that can be
advantageously applied in a hybrid vehicle may involve considerations such as electrical
performance monitoring, thermal management, and containment of effluent (e.g., gases that

may be vented from a battery cell).

[0007] Accordingly, it would be advantageous to provide a battery system configured to
allow the use of lithium battery technology in a hybrid vehicle. It would also be
advantageous to provide a battery system using lithium battery technology that is
configured to allow for monitoring of electrical performance, for example, by allowing the
interconnection of a monitoring or contr(;l circuit or system. It would further be
advantageous to provide a battery system using lithium battery technology that is
configured to allow thermal management, for example, by attempting to enhance the
conduction and transfer of heat from one or more battery cells. It would further be
advantageous to provide a battery system using lithium battery technology that is
configured to contain effluent gases that may be vented from a battery cell, for example, by
allowing such gases to be captured in a chamber. It would further be advantageous to
provide a battery system where a battery module can be assembled using cells having a
modular configuration and/or allowing for interchangeable assembly into the module. It
would further be advantageous to provide a battery system comprising a module configured
to achieve substantial uniformity of temperature across the cells. It would further be
advantageous to provide‘a battery system comprising a module and/or cells configured to

provide one or more of these or other advantageous features.

SUMMARY

[0008] The present invention relates to a lithium battery system includes a module having;
a plurality of electrically connected cells, each having a first terminal set and a second
terminal set. The lithium battery system also includes a path for heat transfer across the first
terminal set of each of the plurality of cells and a path configured to direct a flow of effluent

from at least one of the plurality of cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGURE 1 is a perspective view of a cell according to an exemplary embodiment.
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[0010] FIGURE 2 %s another perspective view of the cell shown in FIGURE 1.
[0011] FIGURE 3 is a top plan x‘/iew of the cell shown in FIGURE 1.
[0012] FIGURE 4 is a bottom plan view of the cell shown in FIGURE 1.
[0013] FIGURE 5§ is a perspective view of a cell according to an exemplary embodiment.
[0014] FIGURE 6isa perspe;:tive view of a cell according to an exemplary embodiment.
[0015] FIGURE 7 is a perspective view of a cell according to an exemplary embodiment.
[0016] FIGURE 8 is a perspective view of a cell according to an exemplary embodiment.

[0017] FIGURE 9 is a schematic view illustrating the cross-sectional shépe ofacell

according to an exemplary embodiment.

[0018] FIGURE 10 is a schematic view illustrating the cross-sectional shape of a cell

according to an exemplary embodiment

[0019] FIGURE 11 is a schematic view illustrating the cross-sectional shape of a cell

according to an exemplary embodiment

[0020] FIGURE 12 is a schematic view illustrating a system of mandrels utilized to
produce a cell similar to that shown in FIGURE 9.

[0021] FIGURE 13 is an perspective view of a cell similar to that shown in FIGURE 1
having a cover removed to illustrate a portion of the interior of the cell according to an

exemplary embodiment.

[0022] FIGURE 14 is a perspective view of a terminal assembly similar to that shown in
FIGURE 13 and having a number of members coupled to the terminal according to an

exemplary embodiment.

[0023] FIGURE 15 is a schematic view of a portion of a cell showing the electrodes and a
material for preventing sputtering of material between the electrodes according to an

exemplary embodiment.



WO 2005/043650 PCT/US2004/035872

[0024] FIGURE 16 is a schematic cross-sectional view of the portion of the cell shown in
FIGURE 15 according to an exemplary embodiment.

[0025] FIGURE 17 is a partially exploded perspective view of a battery system according

to an exemplary embodiment.

[0026] FIGURE 18 is a top plan view of the battery system shown in FIGURE 17,
[0027] FIGURE 19 is a bottom plan view of the battery system shown in FIGURE 17.
[0028] FIGURE 20 is a first side view of the battery system shown in FIGURE 17.
[0029] FIGUREI 21 is a second side view of the battery system shown in FIGURE 17.

[0030] FIGURE 22 is a cross-sectional view of a portion of the battery system shown in
FIGURE 17 taken across line 22-22.

[0031] FIGURE 23 is a cross-sectional view of a portion of the battery system shown in
FIGURE 17 taken across line 23-23.

[0032] FIGURE 24 is a cross-sectional view of a portion of the battery system shown n
FIGURE 17 taken across line 24-24.

[0033] FIGURES 25 through 27 illustrate the attachment of terminals to a connector such

as a buss bar according to an exemplary embodiment.

[0034] FIGURES 28 through 30 illustrate the attachment of a terminal to a connector such

as a buss bar according to another exemplary embodiment.

[0035] FIGURE 31 is a partially exploded perspective view of a battery system according

to an exemplary embodiment.
[0036] FIGURE 32 is a top plan view of the battery system shown in FIGURE 31.
[0037] FIGURE 33 is a bottom plan view of the battery system shown in FIGURE 31.

[0038] FIGURE 34 is a first side view of a portion of the battery system shown in
FIGURE 31.

[0039] FIGURE 35 is a second side view of the battery system shown in FIGURE 31.

4-
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[0040] FIGURE 36 is a schematic view of a system for collecting gases and disconmecting

a battery module according to an exemplary embodiment.

[0041] FIGURE 37 is a schematic view of a system for collecting gases and disconnecting

a battery module according to an exemplary embodiment.

[0042] FIGURE 38 is a schematic view of a system for collecting gases and disconnecting

a battery module according to an exemplary embodiment.

[0043] FIGURE 39 is a schematic view of a system for collecting effluent (such as gases)

and disconnecting a battery module according to an exemplary embodiment.

[0044] FIGURE 40 is a perspective view of a battery system having a temperature sensing

device according to an exemplary embodiment.

[0045] FIGURE 41 is a schematic view of a system for collecting effluent (such as gases)

and disconnecting a battery module according to an exemplary embodiment.

[0046] FIGURE 42 is a schematic block diagram illustrating features of a battery system

according to an exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0047] According to an exemplary embodiment, a battery system comprises a module or
system of modules. Each module is configured to comprise a plurality of cells (e.g.,
battery/voltage cells, such as in the form of lithium-ion cells, lithium-polymer cells, etc. of
any presently known configuration or other configuration that may be developed in the
future for a lithium cell). According to various exemplary embodiments, the number of
cells provided in the module may be varied according to design objectives and
considerations. For example, according to one exemplary embodiment, a system may be
configured to include a module that includes ten cells. It should also be noted that a system
may be configured to include more than one module (e.g., two or three or more modules),

and the number of cells may be varied in each of the modules in the system.

[0048] FIGURES 1 through 4 show a cell 100 according to an exemplary embodiment.
According to an exemplary embodiment, cell 100 includes a container 120 (e.g., as may be

provided in the form of a canister, housing, casing, holder, etc.), a first cover 132 (which
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may be referred to and/or be provided in the form of, for example, as an end cover, collar,
cap, top portion, end portion, etc.) provided at a first end 130 of cell 100, and a second
cover 142 (which may be referred to and/or be provided in the form of, for example, as an
end cover, collar, cap, top portion, end portion, etc.) provided at a second end 140 of cell

100.

[0049] According to an exemplary embodiment, covers 132 and 142 will set or provide
spacing between adjacent cells when the cells are positioned within a module. For example,
covers 132 and 142 are shown in FIGURE 1 as extending laterally to a greater extent than
that of container 120; in the event that cell 100 is placed adjacent a similar cell, covers 132
and 142 would come into contact with similar covers on an adjacent cell to prevent contact
between container 120 and the container of the adjacent cell (thus preventing direct

electrical contact between the containers of adjacent cells).

[0050] According to an exemplary embodiment, covers 132 and 142 are intended to
provide enhanced structural rigidity for cell 100. For example, cover 132 and cover 142
may be coupled or attached to container 120 (e.g., using an adhesive, by welding such as
laser welding, etc.) in a manner which provides enhanced stiffness or strength for the
container and cover assembly. Cover 132 and cover 142 may also be configured to hold the
terminals (e.g., terminals 134, 136, 144, 146) in place and to allow cell 100 to engage the
module structure (e.g., as opposed to utilizing the terminals to engage the module structure).
Covers 132 and 142 may also be configured to allow the use of electronics for measuring

temperature and/or voltage of the cells.

[0051] According to various exemplary embodiments, the covers may be made from any
suitable material (e.g., metals, }Slastics, composites, etc.). According to a particular
exemplary embodiment, cover 132 and cover 142 could be made from a suitable plastic or a
polymeric material such as polypropylene or Noryl™ commercially available from GE

Plastics of Pittsfield, Massachusetts.

[0052] According to an exemplary embodiment, the covers do not seal the cells; a
separate cover (e.g., a metal cover) may be positioned under the covers to seal the cell.
According to another exemplary embodiment, covers coupled to the container may act as
seals for the cell, thus eliminating the need to provide a separate cover (e.g., a metal cover)

for sealing the cell.
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[0053] According to an exemplary embodiment shown in FIGURES 1-4, cell 100 includes
one or more vent ports (shown, e.g., as vent ports 138 and 148) configured for allowing
effluent (e.g., gas, liquid, and/or other materials) to escape (e.g., to be exhausted or
expressed from) the interior of cell 100. Vent ports 138 and 148 are shown as being
provided in covers 132 and 142 near outer edges 133 and 143 of covers 132 and 142,
respectively. By providing vent ports 138 and 148 near outer edges 133 and 143 of covers
132 and 142, cell 100 may be configured to allow venting on a side of a module in which it
is installed. According to other exemplary embodiments, the vent ports may be located at

any other suitable location on the covers (e.g., near the center of a cover).

[0054] While vent ports 138 and 148 are shown in FIGURES 1-4 as apertures provided in
covers 132 and 142, venting may be accomplished using tubes or other systems which allow
the venting or exhaust of effluent from within the cell. Vent ports 138 and 148 (or other
structures utilized to perform a similar function) may be configured to allow venting of
effluent from within cell 100 to a path or passage such as a channel or other structure
provided within a battery module to allow removal of effluent other materials to a location
away from the cells and/or the module in which such cells are provided. According to other
exemplary embodiments, vent ports 138 and 148 may be coupled to tubes, hoses, or other
structures configured to allow the removal of effluent to a location away from the cells

and/or a module in which such cells are provided.

[0055] According to another exemplary embodiment, the vent .ports may include a valve
such as relief or burst valve to permit effluent to escape the cells. Such valves may be
configured to allow gas and/or other materials to escape from the cell when the pressure
within the cell reaches a particular threshold (e.g., a high pressure threshold of between
approximately 3 psi and 30 psi). According to various other exemplary embodiments, the
vent ports and valves may be separate components that may be coupled together and are

configured to provide venting with a battery module.

[0056] According to an exemplary embodiment, vent ports 138 and 148 extend from the
interior of cell 100 to the exterior of cell 100 and may provide a path for flow of effluent
outward (e.g., away from the interior structure of the cell including a winding mandrel
utilized to provide a structure about which electrodes and separators included within the cell

may be wound or wrapped).
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[0057] Two terminals or posts 134 and 136 extend from first end 130 of cell 100, and two
terminals or posts 144 and 146 extend from second end 140 of cell 100. According to an
exemplary embodiment, terminals 134 and 136 are positive terminals and terminals 144 and
146 are negative terminals for cell 100. It is intended that by having a plurality (e.g., two or
more) of terminals in a terminal set for a cell, the cell would be provided with enhanced
symmetric thermal conductivity (e.g., and possibly enhanced current distribution within the
cell) in comparison with a cell having only a single positive terminal and a single negative

terminal.

]

[0058] According t6 an exemplary embodiment, terminals 134 and 136 are separated from
each other by a distance that differs from the distance between terminals 144 and 146. For
example, as shown in FIGURES 3 and 4, the centers of terminals 144 and 146 (the negative
terminals) are separated by a distance (shown as “X”) that is greater than the distance
(shown as “Y™’) separating the centers of terminals 134 and 136 (the positive terminals).’
According to another exemplary embodiment, the positive terminals are further apart than

the negative terminals.

[0059] Providing the cell with positive terminals that are separated from each other by a
distance that differs from the distance sep araﬁng the negative terminals is intended to
provide an assurance that the cells will be installed within a module in a correct orientation
(e.g., the distinct difference in distances between each set of terminals will not allow
improper insertion of the cell within the module, which may include connectors or other
features that are configured to engage either the positive or negative terminals). According
to another exemplary embodiment, the terminals may be provided at other locations than
those shown in FIGURES 1-4. For example, one terminal set may be provided as shown,
for example, in FIGURE 3, while another set may be provided in an orientation that is
ninety degrees from these terminals (e.g., along the small axis of the oval shown in
FIGURE 4). Any of a variety of other configurations may be used such that the positive
and negative terminals are provided in a different configuration from each other (e.g., so

that the cells may only be provided in a module in a particular orientation.).

[0060] According to an exemplary embodiment, terminals 134, 136, 144, and 146 are
configured both to conduct electricity as part of the battery system and also to assist in
removing heat from cell 100. It is believed that a relatively significant amount of heat may

be removed from cell 100 through terminals 134, 136, 144, and 146, which are coupled or

-8-
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connected to the interior of cell 100. According to an exemplary embodiment, terminals
134, 136, 144, and 146 are made from a conductive material such as a metal (e.g.,
aluminum, copper, nickel-plated steel, or other suitable alloys). When a fluid (e.g., a gas
such as air, a liquid such as a silicone oil, a fluorosilicate oil, mineral oil or another suitable
coolant that is relatively non-ionic and having a relatively high dielectric constant, either
now known or developed in the future) is passed across the terminals that is at a lower
temperature than the temperature of the terminals (which conduct heat from within cell
100), it is believed that heat may be removed in the fluid stream from the terminals, and
hence, from within the cell. According to one exemplary embodiment, the terminals may be
positioned within a space such as a channel (e.g., provided within a battery module) through
which a fluid such as a gas or liquid may flow across the terminals to allow for cooling of
the terminals. According to another exemplary embodiment, terminals (e.g., the positive
terminals) may be welded to container 120 to allow the transfer of heat through the

terminals.

[0061] Container 120 may optionally include features such as dimples or other features
provided on an external surface 122 thereof that may be intended to provide enhanced
cooling for cell 100. FIGURES 5 through 8 are intended to illustrate various exemplary
embodiments in which features are provided on an external surface of containers similar to
container 120. According to an exemplary embodiment, a fluid such as air passed by
container 120 is intended to be disrupted to create a turbulent (as opposed to laminar) flow
adjacent container 120, which may facilitate removal of heat from the external surface of
the container. For example, FIGURE 5 shows a cell 200 having a container 220. A number
of members 224 (shown in the form of fins) extend from a surface 222 of container 220.
Fins 224 extend longitudinally along surface 222 and are arranged such that they extend
radially from the center of cell 200. Each of fins 224 are generally rectangular in cross-
section, although the cross-section of fins used in other exemplary embodiments may differ

(e.g., the cross-section may be rounded or semicircular, triangular, etc.).

[0062] FIGURE 6 shows a cell 300 having a container 320. A number of members 324
(shown in the form of fins) extend from a surface 322 of container 320. Each of fins 324
extend partially circumferentially about the surface 322 (e.g., fins 324 do not extend around
the entire outer surface of container 320). Fins 324 are also arranged in a staggered

relationship relative to fins provided in adjacent layers. For example, fin 326 is offset from
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fin 328. Each of fins 324 are generally rectangular in cross-section, although the cross-
section of fins used in other exemplary embodiments may differ (e.g., the cross-section may

be rounded or semicircular, triangular, etc.).

[0063] FIGURE 7 shows a cell 400 having a container 420. A number of members 424
(shown in the form of fins) extend from a surface 422 of container 420. Each of fins 424
extend circumferentially about the surface 422 (e.g., unlike fins 324 shown in FIGURE 6,
fins 424 extend around the entirety of the surface 422 of container 420). Each of fins 424
are generally rectangular in cross-section, although the cross-section of fins used in other
exemplary embodiments may differ (e.g., the cross-section may be rounded or semicircular,

triangular, etc.).

[0064] FIGURE 8 shows a cell 500 having a container 520. A number of rounded
members 524 extend from a surface 522 of container 520. Each of rounded members 524
extend partially circumferentially about the surface 522 (e.g., rounded members 524 do not
extend around the entire outer surface of container 520). Rounded members 524 are
arranged such that a portion 521 of container 520 includes no rounded members 524
provided thereon. Each of rounded members 524 are generally semi-circular in cross-
section, although the cross-section of members used in other exemplary embodiments may

differ.

[0065] According to an exemplary embodiment shown in FIGURES 1-4, cell 100 may
include members or elements 150, 152, 160, and 162 in the form of bushings provided in
contact with terminals 134, 136, 144, and 146. Such bushings may be configured for
transferring heat from the terminals (and hence, from within cell 100). For example,
bushings 150, 152, 160, and 162 may be made from metal or another conductive material.
According to other exemplary embodiments, the bushings may be made from a variety of
other materials such as polymeric materials, ceramic materials, composites, etc. According

to various other exemplary embodiments, no bushings are provided adjacent the terminals.

[0066] According to an exemplary embodiment, cell 100 includes an aperture or hole 139
provided in cover 132 and an aperture or hole 149 provided in cover 142. Apertures 139
and 149 may be configured to allow heat to be removed from the interior of cell 100 (e.g.,
the apertures may be configured to act as vents for dissipating heat) according to an

exemplary embodiment in which the center of the cell is hollow.

-10-
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[0067] According to an exemplary embodiment, cell 100 is configured such that heat
transfer (e.g., dissipation) in a 10 ampere-hour (Ah) battery may be on the order of about:
(1) approximately 1 to 3 W/M-deg K in the radial or lateral direction; and (2) approximately
10 to 30 W/M-deg K in the axial or longitudinal direction. According to various other

exemplary embodiments, heat transfer characteristics may vary.

[0068] Container 120 may be made from any suitable material, such as ametal, a
polymeric material, a composite material, etc. According to an exemplary embodiment,
container 120 is made from aluminum or an aluminum alloy. According to another
exemplary embodiment, container 120 is made from steel. According to various other
exemplary embodiments, the container may be made from other metals, such as nickel,

nickel alloys, titanium, titanium alloys, and/or other metals and metal alloys.

[0069] According to an exemplary embodiment, the container is electrically insulated
(e.g., isolated) from electrodes included within the container. For example, plastic (or other
suitable insulating materials) may be placed in the container to provide adequate insulation

between the container and the electrodes.

[0070] Container 120 may have any of a variety of shapes, sizes, and configurations. For
example, the container may be octagonal, cylindrical, generally flattened-oval, octal-oval,
prismatic, or any of a variety of other shapes. FIGURES 9 through 11 illustrate several
possible configurations for the container according to various exemplary embodiments.
According to an exemplary embodiment, the cell has a symmetrical shape that optimizes
perfbrmance and/or heat dissipation (e.g., provides a uniform temperature throughout the

cell).

[0071] As shown in FIGURES 1 through 4, container 120 has a generally oval shape or
profile according to an exemplary embodiment. One advantageous feature of providing
container 120 with a generally oval shape is that the surface area of outer surface 122 of
container 120 is greater than that of a comparable cylindrical-shaped container, which may
allow for increased heat transfer from the cell through container 120. Another
advantageous feature of providing a container having a generally oval shape is that the
thickness or width of the container is smaller than a cylindrical cell (i.e., with the thickness

or width corresponding to the smallest axis of the container).

i
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[0072] As shown in FIGURE 15, included within container 120 are at least one positive
electrode 180, at least one negative electrode 182, and a separator 184 provided
intermediate or between the positive electrode and negative electrode. The electrodes and
the separators are wound or wrapped such that they have a generally oval or elliptical shape

(or other shape, depending on the shape of the container used) to form a cell element..

[0073] The cell element may be created by using a winding mandrel 170 such as that
shown in FIGURE 12. According to an exemplary embodiment such as that shown in
FIGURES 1 through 2 and 9 in which container 120 has a generally oval shape, mandrel
170 may be created by utilizing two equally sized cylindrical elements having circular
cross-sections (shown as elements 172 and 176 in FIGURE 12) that abut a larger cylindrical
element having a circular cross-section (shown as element 174 in FIGURE 12). For
example, according to an exemplary embodiment, element 174 has a cross-sectional radius
of between approximately 120 and 160 percent of the cross-sectional radius of elements 172
and 176. The circumference around the circles (shown as reference numeral 178) shows the
overall cross-sectional shape of winding mandrel 178. The relative sizes of the various
elements (e.g., elements 172, 174, and 176) may be adjusted according to various
exemplary embodiments to obtain a desired shape for the cell elements to be provided

within container 120.

[0074] According to an exemplary embodiment, the mandrel (e.g., mandrel 170) may be
left within the cell after winding the cell element. According to various other exemplary
embodiments, the mandrel may be removed after winding the cell. According to an
exemplary embodiment, after winding, there is a space within the core of the cell that

remains unused (e.g., a hollow space).

[0075] The mandrel may be made from any tyﬁe of material (e.g., a metal, a polymeric
material, a composite material, etc.). According to an exemplary embodiment, the mandrel
is made of a polymeric material and may be configured to expand under elevated heat
and/or pressure to allow for better cell compression during manufacturing of the cell. V
According to another exemplary embodiment, the mandrel is made of a polymeric material
and/or construction (structural design) and is configured to collapse under increased heat
(e.g., a temperature of between approximately 85 and 105 degrees Celsius (or some other

predetermined temperature)) to absorb pressure that may be developing within the cell

-12-
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and/or to lessen the integrity of the winding, which is intended to reduce the internal

element pressure and increase resistance of the cell element.

[0076] According to an exemplary embodiment, cell 100 may include an element or
member (¢.g., a strap) that is coupled to the terminals and to electrodes included within the
cell. For example, as shown in FIGURE 13, terminal 144 is coupled to a member or
element 145 in the form of a strap (e.g., having a generally crescent shape), and terminal
146 is coupled to a member or element 147 in the form of a strap having a similar
configuration to member or element 145. Members 145 and 147 may be configured to
gather or collect current and/or heat from within cell 100. While members 145 and 147 are
illustrated as having a generally crescent shape, other shapes may be utilized (e.g., a single
member may be provided which extends over a smaller or greater area at the top of the cell
and which is coupled to one or both of terminals 144 and 146). For example, members 145
and 147 may be of the type described in U.S. Patent No. 6,221,524 issued April 24, 2001
entitled “Strap for Thin Metal Film Battery” or U.S. Patent No. 6,051,336 fssued April 18,
2000 entitled “Battery Case for Thin Metal Film Cells,” the entire disclosures of which are F
incorporated herein by reference. According to various exemplary embodiments, the straps
may be coupled to the cell by welding (e.g., laser welding), soldering, heat fusing, spot
welding, etc. (or any other suitable coupling method). The straps may be coupled to each
end of the cell (e.g., each end of the wound roll of electrodes). According to an exemplary
embodiment, each member (e.g., members 145 and 147) contact only one electrode polarity

type (e.g., only negative electrodes or only positive electrodes).

[0077] To provide additional heat and/or current transfer from cell 100, one or more
members (e.g., members 151, 153, and 155 as shown in FIGURE 14) may be provided that
provide a thermal and/or electrical contact between member 147 and terminal 146. A
similar configuration may be used for the other terminals and straps of cell 100. Members
151, 153, and 155 are shown as extensions or fins which extend between member 147 and
terminal 146. The particular configuration shown in FIGURE 14 is not considered to be
limiting, and other members having a variety of different shapes, sizes, and/or
configurations may be utilized in conjunction with a terminal of a battery. As shown in
FIGURE 14, members 151 and 155 extend a greater distance from terminal 146 than does
member 153. In this manner, members 151 and 155 extend further along member 147 (e.g.,

proximate the ends of member 147). According to an exemplary embodiment, the size,

13-



WO 2005/043650 PCT/US2004/035872

shape, and/or configuration of members extending between terminal 146 and member 147
may be optimized to provide enhanced thermal and/or electrical conductivity between the

interior of cell 100 and terminal 146.

[0078] FIGURES 15 and 16 illustrate a portion of a cell (e.g., cell 100) to show a
configuration of the interior of the cell according to an exemplary embodiment. Cell 100
includes a positive electrode or cathode 180, a negative electrode or anode 182, and a
separator 184 provided intermediate or between positive electrode 180 and negative
electrode 182. Positive electrode 180, negative electrode 182, and separator 184 are

wrapped or wound to form a cell element 187 (e.g., around a mandrel such as mandrel 170
shown in FIGURE 12).

[0079] According to an exemplary embodiment, positive electrode 180 includes a current
collector made of a metal such as aluminum or an aluminum alloy. It should be noted that
other materials, either currently known or developed in the future, may be utilized according
to other exemplary embodiments. The positive currerit collector has a thickness of between
approximately 10 and 50 microns according to an exemplary embodiment. An active
material is provided on the positive current collector to allow lithium to become doped and

undoped during charging and discharging of cell 10.

[0080] According to an exemplary embodiment, negative electrode 182 includes a current
collector made of a metal such as copper or a copper alloy. It should be noted that other
materials, either currently known or developed in the future, may be utilized according to
other exemplary embodiments. The negative current collector has a thickness of between
approximately 5 and 50 microns according to an exemplary embodiment. An active
material is provided on the negative current collector to allow lithium to become doped and

undoped during charging and discharging of cell 10.

[0081] Separator 184 may be made of a material such as polypropylene (PP), polyethylene
(PE), polytetrafluoroethylene (PTFE) a multi-layer material such as tri-layer PP-PE-PP, or
any other suitable separator material. Various separators are available commercially which
may be used according to a variety of exemplary embodiments; according to alternative

embodiments, any suitable material may be used for the separator.

-14-



WO 2005/043650 PCT/US2004/035872

[0082] While a variety of possible materials have been described as being suitable for use
within cell 100, it should be noted that any of a variety of other materials may be used in

addition to or in place of the materials described above.

[0083] According to an exemplary embodiment shown in FIGURES 15-16, an optional
material 186 may be provided intermediate or between positive electrode 180 and negative
electrode 182 (and above separator 184) in the form of a line or bead of material. Material
186 may be provided intermediate or between positive electrode 180 and negative electrode
182 only below regions where members 145 and 147 will be provided or may be provided
along the entire top surface of cell 100. According to an exemplary embodiment, members
145 and 147 (FIGURE 13) are welded (e.g., laser welded) to a top portion of positive
electrode 180.

[0084] During the welding process, material may be ejected from members 145 and 147
(as shown in FIGURE 13) which may enter the area between positive electrode 180 and
negative electrode 182, which may undesirably cause a short between positive electrode 180
and negative electrode 182. To assist in reducing or eliminating the occurrence of material
(e.g., metal) being ejected between positive electrode 180 and negative electrode 182,
material 186 is provided to prevent material from entering the region between positive
electrode 180 and negative electrode 182. According to an exemplary embodiment,
material 186 is a hot melt material (e.g., an epoxy or other type of polymeric material) that
is provided or deposited (e.g., extruded) between the battery electrodes only in the region
where the battery terminal will be coupled to the electrodes (e.g., to allow electrolyte to
flow through the remainder of the cell). It should be noted that other materials, either
currently known or developed in the future, may be utilized according to other exemplary
embodiments. According to another exemplary embodiment, material 186 may be provided
between positive electrode 180 and negative electrode 182 around the entire top surface of
cell 100 to prevent any material from entering the region between positive electrode 180
and negative electrode 182. According to another exemplary embodiment, no material is
provided between positive electrode 180 and negative electrode 182 to prevent material

from entering the region between the electrodes.

[0085] According to an exemplary embodiment, an electrolyte is provided within the cell
that may include one or more of the following characteristics: (1) relatively high ionic
conductivity; (2) relatively wide electrochemical window; (3) relatively high thermal

!
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stability; (4) relatively high chemical stability with battery components; (5) forming
relatively favorable solid-electrolyte-interface layer on anode/cathode; (6) relatively non-

toxic and environmentally friendly; and (7) relatively low cost.

[0086] The electrolyte (which may be provided in the area between positive electrode 180
and negative electrode 182 with separator 18'4) masr include a solvent such as one or more
of propylene carbonate (PC), dimethyl carbonate (DMC), diethyl carbonate (DEC), ethylene
carbonate (EC), and any other suitable solvent or mixture of solvents (e.g., a binary mixture,
a ternary mixture, etc.) (which may be provided in the area between positive electrode 180
and negative electrode 182 with separator 184). The electrolyte may also include one or
more salt such as a lithium salt (e.g., LiPFs, LiBF4, LiIN(CF3SO3),, LiBOB, etc.), an imide
salt, or any other suitable salt. The electrolyte may also include phosphine additives to
improve particular characteristics (e.g., to provide flame retardant properties, etc.) and/or
other additives to increase cell performance through increasing stability and/or increased
electrolyte safety. It should be noted that other materials, either currently known or

developed in the future, may be utilized according to other exemplary embodiments.

[0087] A binder may be provided in the active materials that may provide one or more of
the following characteristics: (1) relatively good adhesion; (2) relatively good coatability;
(3) relatively good first cycle efficiency; (4) relatively good cyclability; (5) relatively good
chemical stability; (6) relatively good thermal stability; (7) relatively good electrochemical
stability; (8) relatively good processability; (9) relatively good wetability; and (10)
relatively good safety. For example, a polyvinylidene fluoride (PVDF) binder may be used
with the positive electrode active material, and styrene-butadiene rubber (SBR) may be used

with the negative electrode active material.

[0088] According to an exemplary embodiment, to prepare the electrodes, the following
steps may be used: (1) pre-treatment of raw materials; (2) weighing and load into mixer; (3)
mixing; (4) viscosity control (and adjustment of viscosity); (5) coating; (6) solvent removal,
(7) densification (e.g., roll press); (8) electrode drying; and (9) cell fabrication. The order of
the steps may vary according to various exemplary embodiments, and various steps may be

omitted according to other exemplary embodiments.

[0089] Cells having different ratings or battery systems utilizing a different number of

cells may exhibit different attributes. The systems shown in the various FIGURES are
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intended to allow overall configuration and arrangement of cells that can achieve the

functional requirements described above.

[0090] FIGURES 17 through 24 illustrate a battery system 600 that includes a module or
assembly 602 which includes a plurality of batteries or cells 610 electrically coupled
together. Module 602 includes a connector 690 having a center portion 692 and a connector
691 similar to connector 690 for electrically connecting the module to other modules and/or
to a vehicle electrical system. While the embodiment illustrated in FIGURES 17 through 24
depicts a module 602 that includes 10 cells 610, the number of cells provided within a
particular module may vary according to various exemplary embodiments (e.g., modules
may include greater or less than 10 cells). Further, while system 600 is depicted as
including a single module 602, it should be noted that battery systems may include any
number of modules which include any number of batteries (e.g., three modules may be
provided within a battery system, each of which may include any suitable number of cells).
The particular configuration utilized for a battery system and/or module may be optimized

to provide power for a particular application according to various exemplary embodiments.

[0091] As shown in FIGURES 17 through 24, adjacent cells 610 are arranged in a manner
such that they are inverted relative to each other. That is, negative terminals 634 and 636 of
a first battery are provided adjacent positive terminals 644 and 646 of an immediately
adjacent battery. In this manner, a positive terminal (e.g., a terminal 644) may be
electrically connected or coupled to an adjacent negative terminal (e.g., terminal 634) by a
connector 654 (shown in the form of a buss bar). As shown in FIGURES 18 and 19,
adjacent cells 610 within module 602 are connected such that all cells 610 within module
602 are connected in series. Thus, moving from left to right in FIGURES 18 and 19,
negative terminals of 634 and 636 of a first cell are electrically connected to positive
terminals 644 and 646 of a second cell at a top of module 602. To connect the first two
cells in series with a third cell adjacent to the second cell, negative terminals 634 and 636 of
the second cell are connected to positive terminals 644 and 646 of the third cell at a bottom
of module 602. This process is repeated such that connectors 654 alternate between a top of

module 602 and a bottom of module 602.

[0092] As shown in FIGURE 24, connectors 654 include one or more members or
elements 656 (shown in the form of fins or extensions) which extend therefrom. Fins 656

may be configured to assist in the conduction of electricity between adjacent cells and/or to
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help dissipate heat from cells 610 and module 602. Fins 656 may be soldered, welded, or
otherwise coupled to connectors 654 and/or to the terminals of the cells. The fins may be
configured to have a relatively large surface area which enables greater dissipation of heat

from the cells through their terminals.

[0093] As shown in FIGURES 23 and 24, connectors 654 are coupled to terminals (e.g.,
terminals 634 and 644 as shown in FIGURE 24) using connectors shown in the form of nuts
(e.g., nuts 651, 661, and 653). Each of the nuts are threaded onto a threaded terminal (e.g.,
terminals 634 and 644). Bushings (e.g., shown as bushings 650, 652, and 660) are also

provided at the base of the terminals adjacent to cells 610.

[0094] While FIGURES 23 and 24 illustrate a configuration in which connectors 654 are
coupled to terminals using a threaded connection, FIGURES 25 through 27 and 28 through
30 illustrate other exemplary embodiments of attaching or coupling a connector to terminals
of adjacent batteries. For example, as shown in FIGURES 25 through 27, an opening or
aperture 655 is provided in connector 654 that is configured to receive terminals 634 and
646 therethrough. Aperture 655 is configured such that terminals may be received
therethrough in a manner such that walls of the aperture allow relatively free passage of the
terminals (e.g., the walls of the aperture do not form a tight fit on the terminal). Once
connector 654 is provided over the terminal such that the terminal is provided through the
aperture, the terminal may be made to expand such that the terminal is relatively tightly
engaged by the walls of aperture 655. Terminal 634 includes an aperture 635 (e.g., a pilot
hole) and terminal 644 includes an aperture 645. As shown in FIGURE 27, a connector or.
fastener such as a screw is provided within aperture 635 of terminal 634 and a connector
such as a screw 659 is provided within aperture 645 of terminal 644. Because apertures 635
and 645 are smaller than the portion of connectors 657 and 659 provided therein, the
terminals 634 and 644 expand outward such that the outer walls of the terminals contact
aperture 655 provided in connector 654. In this manner, connector 654 may be relatively

tightly secured in electrical contact with terminals 634 and 644.

[0095] FIGURES 28 thfough 30 illustrate another exemplary embodiment of a method for
securing connector 654 to terminals 634 and 644. According to this embodiment, connector
654 is made of a material that is designed to expand apertures 655 when the material is
cooled or chilled to a particular temperature (e.g., using 1iquid~ nitrogen or another method

of cooling the connector). Prior to providing connector 654 over terminals 634 and 644,
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connector 654 is cooled to a temperature sufficient to cause connector 654 and apertures
655 to expand. While connector 654 is in the expanded state, connector 654 may be
provided over terminals 634 and 654 such that terminals 634 and 644 are received within
apertures 655. As shown in FIGURE 29, apertures 655 have a larger diameter than that of
terminals 634 and 644 such that terminals 634 and 644 are not tightly engaged by connector
654. As shown in FIGURE 30, after allowing connector 654 to return to ambient or room
temperature, connector 654 returns to its original state such that aperture 655 contracts
around terminals 634 and 644 (e.g., the connector is swaged on the terminals). In this
manner, connector 654 may be relatively tightly secured or connected to terminals 634 and

644.

[0096] According to an exemplary embodiment shown in FIGURES 17 through 19,
module 602 includes a plurality of channels along a top and bottom portion thereof. For
example, a top portion of module 602 includes three channels 660, 662, and 670, and a
bottom portion of module 602 includes channels 664, 666, and 671.

[0097] As shown in FIGURES 17 through 19, module 602 is configured such that
terminals (e.g., terminals 634, 636, 644, and 646) are provided within outer channels 660,
662, 664, and 666. Connectors 654 which couple terminals from adjacent cells together are
also provided within outer channels 660, 662, 664, and 666. Channels 660, 662, 664, and
666 may be configured to provide a path for fluid to flow across the terminals and
connectors included within the channels (e.g., fluid intended for warming of the terminals or
cooling of the terminals). For example, a top cover 606 may be coupled to a top surface of
module 602 to provide a cover for the various channels, while a bottom cover 608 may be
provided on a bottom portion of module 602 to provide a cover for the channels included on
the bottom portion of module 602. A gas such as air or another fluid may be passed through
channels 660, 662, 664, and 666 to carry heat away from the terminals and connectors
included within such channels. A fan 680 or other mechanism may be utilized to force a
fluid such as air into the channels or to draw a fluid such as air from the channels to provide

a means to move the fluid over or across the terminals and connectors.

1

[0098] As shown in FIGURES 17 through 19 and 22 through 23, channels 670 and 671
may be configured to allow for the removal of gas and/or other materials from within cells
610. For example, a member or element 672 in the form of a tube or hose may extend into

vent ports (not shown) provided on both sides of cells 610. Such members 672 extend from
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cells 610 into channels 671 and 672 to allow gas to travel from within cells 610 into
channels 671 and 672. Gas expelled from cells 610 may be withdrawn from module 602 by
virtue of fan 680 or another mechanism or device. Center channels 671 and 672 may be
configured to collect and direct effluent (such as gases) (and/or other materials) into a side
chamber configured for collecting the effluent (such as gases) and/or other materials. The
chamber may comprise quenching, retarding, and/or other dissipation material for rémoving
the harrﬁﬁll effects of the collected effluent (such as gases) and/or other materials (e.g., an
activated carbon material, an absorptive glass mat material, etc.). The chamber may include

any material suitable for this purpose (e.g., a fire retardant material).

[0099] As shown in FIGURE 21, an electronic system or device 693 shown schematically
(e.g., in the form of a circuit board) is provided at an end of module 602 according to an
exemplary embodiment. Any of a variety of electronic devices or systems may be provided
within module 602. According to an exemplary embodiment, device 693 is configured to
provide functionality for module 602 such as monitoring the voltage and/or temperature of
cells 610 provided within module 602, shunting current away from cells 610 and/or module
602 (e.g., when it is determined that a predetermined condition has been satisfied, such as
an overvoltage condition in one or more of the cells), communication between module 602
and a vehicle system (e.g., a vehicle electrical system), storage of information relating to
module 602 and/or any of a variety of vehicle systems, and/or any other functionality which
may be desir'ed according to other exemplary embodiments. While device 693 is shown as
being provided at an end of module 602 in FIGURE 21, according to other exemplary
embodiments, electronic devices may be provided at any suitable location within a module

and/or may be provided external to such a module.

[0100] As shown in FIGURES 31 through 35, a system 700 is shown according to another
exemplary embodiment. Features shown in FIGURES 31 through 35 similar to those
shown in FIGURES 17 through 24 are denoted using reference numerals which differ from
those used in FIGURES 17 through 24 by 100 (e.g., cells 610 in FIGURES 17 through 24
may be similar to cells 710 shown in FIGURES 31 through 35). Module 702 includes a
connector 790 that may be coupled to a wire or cable 792 for connecting module 702 to

another module and/or to a vehicle electrical system.

[0101] As shown in FIGURES 34 through 35, module 702 includes a structure 703 in the

form of a compartment or chamber at an end thereof that is configured to collect gas
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expelled from cells 710 (e.g., gas directed from one or both of channels 770 and 771).
Structure 703 is also optionally configured to electrically disconnect module 702 from a
battery system 700 in the event that an amount of gas expelled from one or more of cells
710 exceeds a predetermined threshold or some other predetermined condition is satisfied

(e.g., a temperature of one or more of the cells exceeding a predetermined threshold).

[0102] As shown in FIGURE 35, structure 703 includes a pair of terminals 787 and 789
that may be utilized to electrically connect module 702 to a battery system and/or features in
a vehicle (e.g., a vehicle electrical system). Terminal 787 is connected to terminal 789 by
virtue of a member or element 796 that is made of a conductive material (e.g., copper)
similar to that used for connectors 754. Terminals 787 and 789 are also electrically coupled
to cells 710 by a member 784 which cc)mnects terminal 789 to a terminal 746 of an adj acent
cell 710, which is in turn electrically connected to a terminal 744 by a member or element
782. Members 782 and 784 may be made of a conductive material such as copper similar to

that used for member 796.

[0103] As shown in FIGURE 34, structure 703 includes a semi-cylindrical chamber that
includes a top portion 783 and a bottom portion 785 (see FIGURE 34). Top portion 783 is
separated from bottom portion 785 by a member or element 786 which abuts a wall 788 of
the chamber at a first end and includes a pivot point 799 (e.g., a hinge such as a living hinge
or mechanical hinge) at a second end thereof. At least a portion of member 786 (e.g., the
portion of member 786 provided in contact with wall 788) may be made of an elastomeric

material such as a rubber material.

[0104] As shown in FIGURE 35, a pair of contacts 793 and 797 are provided on member
786 such that they are normally in contact with terminals 787 and 789 at an interior of
structure 703 (terminals 787 and 789 extend through wall 788. In the event that one or
more cells 710 included in module 702 expel an amount of gas which exceeds a
predetermined threshold, gas directed through channel 770 into top portion 783 of the
chamber causes member 786 to rotate about pivot point 799 due to a buildup of pressure in
top portion 783 relative to that of bottom portion 785. An outlet (not shown) may be
provided such that the pressure in bottom portion 785 is in equilibrium with the pressure
outside of structure 703. Movement of member 786 may cause contacts 793 and 797 to
become unaligned with terminals 787 and 789 (e.g., contacts 793 and 797 become

electrically disconnected from terminals 787 and 789). In such a case, an electrical
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connection between contact 793 and 797 and terminals 787 and 789 is broken (e.g., a relay
may be opened to disconnect power from the module), which may provide a signal to
disconnect module 702 from battery system 700 (e.g., using a relay or switch, or another
suitable device). According to another exemplary embodiment, disconnection between the
terminals and contacts may automatically disconnect the module from the battery system

without the requirement for electronics or other means.

[0105] As shown in FIGURE 34, a valve 781 may also be provided to remove gas from
top portion 783 such that member 786 may be moved to re-align contacts 793 and 797 with
terminals 787 and 789 once module 702 has been repaired (e.g., by replacing a defective or
damaged cell 710).

[0106] While FIGURES 31 through 35 illustrate a configuration in which gas entering top
portion 783 of the chamber causes movement of member 786 downward as shown in
FIGURE 34, according to another exemplary embodiment, a module may be configured
such that gas from cells included in the module may enter bottom chamber 785, which may
cause member 786 to move upward as shown in FIGURE 34. Further, while contacts 793
‘and 797 are shown as being mounted on a top surface of member 786, their position may be
reversed such that they are mounted or provided on a bottom surface of member 786
according to another exemplary embodiment (and the system may be configured such that
gas enters either the top portion or the bottom portion to move member 786 to disconnect

the module from a battery system.

[0107] Various other arrangements may be utilized to disconnect a module from a battery
system .or vehicle electrical system when a predetermined condition is satisfied. For
example, FIGURE 36 shows a system 800 configured to be provided at an end of a module
for disconnecting a module from a battery sys;cem when an amount of gas expelled from one
or more of the cells of the module exceeds a predetermined threshold. System 800 includes
a port or inlet 802 which directs gas from the module (e.g., such as may be directed through
channels such as channels 670 and 671 shown in FIGURES 18 through 19) and a port out

outlet 804 for allowing gas included in a lower portion of system 800 to be expelled.

[0108] As shown in FIGURE 36, effluent or gas entering a top portion 810 of system 800
through inlet 802 causes a member or element in the form of a vane (shown as including

portions 820, 822, and 824) to move downward (which results in gas in a lower portion of
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system 800 to be expelled through outlet 804). Portion 824 includes a first contact 854 and
a second contact 856 provided thereon, and is made of a conductive material such as a
metal. In normal use, contact 854 is provided in contact with a contact 850 which is
operably coupled to a member or element 851 in the form of a wire or other electrical
conductor, and contact 856 is provided in contact with a contact 852 operably connected to
amember or element 853 in the form of a wire or conductor (thus providing a current path
that travels through member 851, contacts 850 and 854, portion 824, contacts 856 and 852,
and member 853). A spring or detent (not shown) may be utilized to normally maintain
contact 854 in contact with contact 850 and contact 856 in contact with a contact 852 (such
a spring or detent may be provided as a “one time use” product such that the contacts would
not spring back into contact once pressure is relieved). A pair of magnets 840 and 842 may

also be provided to manage any arcing which may occur upon disconnection of the contacts.

[0109] When member 824 is forced downward as a result of increased gas pressure in top
portion 810, contact 851 separates from contact 854, and contact 852 separates from contact
856. As aresult, the electrical connection between members 851 and 853 is broken, thus
disconnecting the module from the battery system. According to another exemplary
embodiment, the system may be arranged so contacts are normally separated and bringing
the contacts into contact may act to complete a circuit that removes the module from the

battery system.

[0110] FIGURE 37 illustrates a system 900 similar to system 900 shown in FIGURE 36.
System 900 includes an inlet 902 and an outlet 904 and an airbag 906 coupled to inlet 902.
Airbag 906 is provided in a top portion 910 of system 900, and may be configured to inflate
when gas enters system 900 through inlet 902. Inflation of airbag 906 causes members 920,
922, and 924 to move downward in lower portion 912 of system 900. A spring or detent
(not shown) may be utilized to normally maintain the contacts in an abutting arrangement,
which may be overcome due to inflation of airbag 906 (such a spring or detent may be
provided as a “one time use” product such that the contacts would not spring back into
contact once pressure is relieved). When members 920, 922, and 924 move downward,
contact 950 1s sepafated from contact 954 and contact 952 is separated from contact 956,
which causes members 951 and 953 (e.g., wires or conductors) to become electrically
disconnected from each other, thus electrically disconnecting the module from the battery

system. According to another exemplary embodiment, the system may be arranged so
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contacts are normally separated and bringing the contacts into contact may act to complete a

circuit that removes the module from the battery system.

[0111] FIGURE 38 illustrates a system 1000 according to another exemplary embodiment
which includes an inlet 1002 and an outlet 1004. Gas entering a top portion 1010 through
inlet 1002 causes member 1020 to pivot about a point 1021. Member 1026 provided above
a member 1027 will move to the right as shown in FIGURE 38, and rotation of member
1020 will cause downward movement of members 1022, 1024, and 1028 (which in turn
may cause disconnection of contacts 1050 and 1054. A magnet 1055 is provided to contrbl
arcing that may occur due to separation of contacts 1050 and 1054. Disconnection between
contacts 1050 and 1054 will disconnect an electrical connection between a wire 1051 (e.g.,
a wire for providing power to the module) and a wire 1053 (e.g., a wire for providing power

from the module).

[0112]) FIGURE 39 illustrates a system 1100 according to another exemplary
embodiment. System 1100 includes an inlet 1102 and an outlet 1104. A plunger 1120 is
provided within a chamber 1103 operably connected to inlet 1102 such that gas entering
chamber 1103 forces plunger 1120 to the right as shown in FIGURE 39. Movement of
plunger 1120 causes members 1122 and 1124 to move to the right, which causes separation
of contact 1152 from contact 1156 and separation of contact 1150 from contact 1154 when a
pressure within chamber 1103 reaches a predetermined threshold. According to another
exemplary embodiment, the system may be arranged so contacts are normally separated and
bringing the contacts into contact may act to complete a circuit that removes the module

from the battery system.

i

[0113] Chamber 1103 also includes an outlet 1105 which allows liquid or vapor entering
chamber 1103 through inlet 1102 to be removed from chamber 1103 and provided within a
chamber 1106 included in system 1100. Chamber 1106 includes a material 1107 such as

activated carbon or another material configured to capture and/or neutralize liquid or vapor

entering chamber 1106.

[0114] As shown in FIGURE 41, a schematic view of a portion of a module similar to that
shown above in FIGURE 31 illustrates the use of a system 1300 for collecting gases and
disconnecting the module according to an exemplary embodiment. Terminals of various

cells 1310 are connected by a connector such as a buss bar 1320. Gas directed through a
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path or passage such as a channel 1370 causes movement of a member or element 1322 in
the form of a plunger. Movement of plunger 1322 due to increased gas pressure within
channel 1370 causes movement of a member 1324, which acts to disconnect a contact 1356
from a contact 1352 and to disconnect a contact 1354 from a contact 1350. A chamber or
other structure 1307 having an outlet 1304 is provided to capture materials carried in the gas
(e.g., liquid, etc.), and may include a material (e.g., an activated carbon material, an

absorptive glass mat material, etc.) for capturing and/or neutralizing such material.

[0115] According to an exemplary embodiment, a module (e.g., modules 602 and/or 702)
may comprise an end housing that includes charging electronics, cooling, communication
and venting safety devices for the system. For example, the battery system may include a

system for monitoring and regulating voltage under certain circumstances.

[0116] According to an exemplary embodiment, the battery module may comprise
temperature sense terminals where the temperature and/or voltage may be tested by a
sensor. For example, a temperature sensor may be attached to any of the terminals to

determine the temperature.

[0117] According to other exemplary embodiments, other types of temperature sensors
may be utilized. For example, FIGURE 40 illustrates a system 1200 that includes a module
1202 having a number of cells 1210. A sensor 1201 in the form of an infrared array laser is
provided to monitor temperatures of individual cells 1210 (e.g., to transmit temperature data
to a monitoring system or other device for updating a thermal management system for
module 1202). According to an exemplary embodiment, sensor 1201 is provided as a single
head infrared or laser thermometer having a rotation of approximately 1.0 RPMs as 180 deg
C or F or 368 deg C or F capability. One advantageous feature of such a device is that
temperature measurements for the various cells 1210 may be obtained without having to
utilize an individual sensor for each cell (e.g., a sensor provided in contact with each of cells
510). Such a device may also be configured to measure temperature at various locations on
the surface of cells 1210. Sensor 1201 may be provided as a stationary or a rotating type of
laser thermometer, and may also be connected by a connector 1203 such as a wire or other
conductor to electronics or other devices included within system 1200. Sensor 1201 may
advantageously allow the accumulation of a relatively large number of measurements in a
relatively short period of time, and may be configured to measure relatively high

temperatures (e.g., greater than 1200 deg C). According to various other exemplary
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embodiments, other temperature sensors may be utilized, including thermocouples,

resistance temperature detectors, thermisters, and the like.

[0118] It is intended that various advantageous features may be obtained utilizing the
configuration and arrangements of a battery system having one or more module and cells as
shown and described in this application. According to particularly preferred embodiments,
for example, lithium cells may be utilized that have an improved cell construction for
enhanced heat transfer (e.g., with a shape and/or configuration intended to provide greater
heat flow by conduction and/or convection or by materials for the case and terminals
inteded to provide enhanced heat flow and/or dissipation). Such cells may include dual
terminal axial leads to provide a greater ability for cooling of the cells and a reduced
internal resistance for the cells, as well as heat conducting terminal bushings provided in
contact with the terminals. Such cells may comprise terminal sets comprising a plurality of
terminals having a uniform configuration or varying configurations intended to promote

heat transfer as well as suitable electrical connectivity.

[0119] According to any preferred embodiment, the lithium-ion battery system is intended
to have an improved modular construction that allows for relative ease of manufacture,
assembly, servicing and/or replacement of all or part (or components) of the system.
Arrangements for providing modular or relatively simple interconnections for electrical
connectivity, heat transfer paths and effluent venting may be integrated into the system. For
example, a venting features such as a vent channel to collect effluent gas and/or material
expelled from the vent ports, a vent chamber for collecting gas or other materials and
having materials to quench, retard, and/or dissipate harmful materials and/or gases, etc. may

be included through interconnection of cells in the battery system.

[0120] Electronic components and circuits may be provided and/or used in conjunction
with the battery system. For example, a voltage control system (or circuit) may be utilized
to monitor and/or control the voltage of a module and/or individual cells. Temperature
sensors such as temperature sense terminal connectors or other temperature monitoring
devices may be utilized to monitor and/or allow the control of battery temperature. Heat
transfer across cells may be provided at one or both of the top and/or the bottom of a cell,
for example, by creation of one or more heat transfer paths (e.g. coolant/heating fluid flow

channels) within the module at both the top and bottom of the module. Cell balancing
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technology may be integrated within the control system/electronics to optimize

performance, among other things.

[0121] The system may also be configured to operated conjunction with a battery
maﬁagement system, for example, to predict the performance of modules and/or individual
cells will perform in certain applications as expected in the future. According to various
alternative embodiments, any suitable battery management systeni may be used in

conjunction with the battery system.

[0122] FIGURE 42 is a schematic block diagram showing a battery system 1400 that
includes a plurality of cells 1410 (e.g., in a module or other structure) according to an
exemplary embodiment. Each of cells 1410 is configured to provide for heat transfer across
the cells along at least one heat transfer path 1420 (e.g., heat may be transferred at terminals
of cells 1410 via a path or passage such as a channel that may have a fluid such as a gas,
coolant, heating fluid or other fluid to facilitate heat transfer from terminals and/or other
features provided in or coupled to cells 1410). Each of cells 1410 is configured to provide
for electrical interconnectivity along at least one electrical conductivity path 1430 (e.g.,
through interconnected cells and cell terminals). Each of cells 1410 is also configured to
provide for the flow or venting of effluent (e.g. gases or other materials) may be expelled
from cells 1410 through at least one effluent path or passage (e.g., a channel or other
structure configured to facilitate the flow of effluent to a chamber or other location within or
outside of the module). Other features may also be included within system 1400 according
to various other exemplary embodiments (e.g., eleétronics for providing various
functionality for the system, a chamber or other structure for collecting effluent, systems for
disconnecting the module from a vehicle electrical system when a predetermined condition

has been satisfied, etc.).

[0123] The various modules and systems described and shown herein are intended to be
utilized with any of a variety of cell chemistries, including those conventional lithium
battery chemistries now known and those that may be developed in the future. It should be
noted that the use of the term lithium battery in this application (including the claims) is
intended to include all types of lithium battery chemistries, including lithium-ion battery

chemistries, lithium-polymer battery chemistries, and the like.
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[0124] Itis important to note that the construction and arrangement of the battery system,
modules, and cells as shown in the various exemplary embodiments is illustrative only.
Although only a few embodiments of the present inventions have been described in detail in
this disclosure, those skilled in the art who review this disclosure will readily appreciate that
many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters, mounting arrangements, use of
materials, colors, orientations, etc.) without materially departing from the novel teachings
and advantages of the subject matter recited in the claims. For example, elements shown as
integrally formed may be constructed of multiple parts or elements (e.g., terminals and
straps may be integrally formed or may be produced separately and welded or otherwise
connected together), the position of elements may be reversed or otherwise varied (e.g., the
orientation of the various cells may be reversed), and the nature or number of discrete
elements or positions may be altered or varied (e.g., any number of cells may be included in
amodule). Accordingly, all such modifications are intended to be included within the scope
of the present invention as defined in the appended claims. The order or sequence of any
process or method steps may be varied or re-sequenced according to alternative
embodiments. Other substitutions, modifications, changes and omissions may be made in
the design, operating conditions and arrangement of the preferred and other exemplary
embodiments without departing from the scope of the present inventions as expressed in the

appended claims.
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WHAT IS CLAIMED IS:

1. A lithium battery system comprising:
a module comprising:
a plurality of electrically connected cells, each having a first terminal
set and a second terminal set;
a path for heat transfer across the first terminal set of each of the
plurality of cells; and
a path configured to direct a flow of effluent from at least one of the

plurality of cells.

2. The lithium battery system of Claim 1 wherein the path is defined by a

plurality of channels.

3. The lithium battery system of Claim 2 wherein each of the plurality of
channels are configured to allow a fluid to be passed across at least one terminal included in

the first terminal set of each of the plurality of cells.

4, The lithium battery system of Claim 3 wherein each of the plurality of cells
is connected to at least one adjacent cell by a connector, at least a portion of the connector

provided within one of the plurality of channels.

5. The lithium battery system of Claim 4 wherein the connector is configured to

assist in heat transfer from cells to which it is connected.

6. The lithium battery system of Claim 1 wherein the path for heat transfer
across the first terminal set of each of the plurality of cells is located at a top portion of the

module.

7. The lithium battery system of Claim 6 further comprising a second path for

heat transfer across the second terminal set of each of the plurality of cells.

8. The lithium battery system of Claim 7 wherein the second path for heat
transfer across the second terminal set of each of the plurality of cells is located at a lower

portion of the module.
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9. The lithium battery system of Claim 1 wherein each of the plurality of cells

comprises a vent.

10.  The lithium battery system of Claim 9 wherein each of the vents is in

communication with the first path configured to provide direct the flow of effluent.

11. The lithium battery system of Claim 1 wherein each of the plurality of cells

has an elongate cross-section.

12.  The lithium battery system of Claim 12 wherein each of the plurality of cells

has a rounded elongate cross-section.

13. The lithium battery system of Claim 1 wherein the first terminal set

comprises at least two terminals having the same polarity.

14.  The lithium battery system of Claim 13 wherein the second terminal set

comprises at least two terminals having the same polarity.

15.  The lithium battery system of Claim 14 wherein the first terminal set is
provided on a first side of each of the plurality of cells and the second terminal set is

provided on a second side of each of the plurality of cells.

16.  The lithium battery system of Claim 1 wherein the plurality of cells are
electrically connected along a first path for electrical connectivity across a top portion of the
module and along a second path for electrical connectivity across a bottom portion of the

module.

17.  The lithium battery system of Claim 16 wherein the first path and the second
path are connected through the plurality of cells.

18. The lithium battery system of Claim 1 wherein the path configured to direct

the flow of effluent comprises a manifold.

19.  The lithium battery ‘system of Claim 1 wherein each of the plurality of cells

is configured to conduct heat to the first terminal set.

20.  The lithium battery system of Claim 1 wherein each of the plurality of cells

is configured to conduct heat to the second terminal set.
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21.  The lithium battery system of Claim 1 further comprising a chamber for

collecting effluent.

22.  The lithium battery system of Claim 21 wherein the first path conﬁgured to

direct the flow of effluent termmates in the chamber.

23. The lithium battery system of Claim 22 wherein the chamber comprises an

inlet.

24.  The lithium battery system of Claim 22 wherein the chamber comprises a

container.

25. The lithium battery system of Claim 22 wherein the chamber comprises a
tank.

26.  The lithium battery system of Claim 22 wherein the chamber comprises

means for disconnecting the module from a vehicle electrical system.

27. The lithium battery system of Claim 26 wherein the means for disconnecting
the module comprises at least two contacts that when separated send a signal to disconnect

the module.

28.  The lithium battery system of Claim 26 wherein the means for disconnecting
the module comprises at least two contacts that when provided in contact with each other

send a signal to disconnect the module.

29.  The lithium battery system of Claim 1 wherein each of the plurality of cells

has a generally oval cross-section.

30.  The lithium battery system of Claim 1 wherein each of the plurality of cells
has a container that includes features provided on an outer surface for enhancing heat

transfer from the container.

31. The lithium battery system of Claim 30 wherein the features comprise

protrusions from the outer surface of the container.

32.  The lithium battery system of Claim 31 wherein the features are oriented in

an axial direction on the outer surface of the cell.
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33.  The lithium battery system of Claim 31 wherein the features are oriented in a

lateral direction on the outer surface of the cell.

34.  The lithium battery system of Claim 1 wherein each of the plurality of cells

are electrically connected to an adjacent cell by at least one connector.

35. The lithium battery system of Claim 34 wherein the connector is secured to a

terminal of the connected cells.

36.  The lithium battery system of Claim 35 wherein the connector comprises a
material configured to change shape when cooled to allow swaging of the connector to the

terminals of the connected cells.

37.  The lithium battery system of Claim 35 wherein the connector is secured to
the terminals of the connected cells by friction between the terminals and apertures provided
in the connector caused by expansion of the terminals when a fastener is provided within the

terminal.

38.  The lithium battery system of Claim 1 wherein each of the plurality of cells

includes a member for connecting electrodes included within the cells to a terminal.

39. The lithium battery system of Claim 38 wherein the member has a generally

crescent shape.

40.  The lithium battery system of Claim 1 wherein the module further comprises

a circuit configured to monitor electrical performance.

41.  The lithium battery system of Claim 40 wherein the circuit is configured to

monitor a temperature of the module.

42.  The lithium battery system of Claim 40 wherein the circuit is configured to

provide an oufput signal.

43. The lithium battery system of Claim 40 wherein the circuit is configured to

monitor a condition of at least one cell.
44.  The lithium battery system of Claim 43 wherein the condition is temperature.

45.  The lithium battery system of Claim 43 wherein the condition is voltage.
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46.  The lithium battery system of Claim 43 wherein the condition is current.

47.  The lithium battery system of Claim 1 further comprising a sensor for

monitoring a temperature of at least one of the cells.

48.  The lithium battery system of Claim 47 wherein the sensor comprises at least

one of an infrared and a laser temperature monitoring device.

49.  The lithium battery system of Claim 48 wherein the first terminal set

comprises terminals set apart at a first distance.

50.  The lithium battery system of Claim 49 wherein the second terminal set

comprises terminals set apart at a second distance.

51.  The lithium battery system of Claim 50 wherein the first distance is greater

than the second distance.
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