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(57) Abstract: A cell module and modular cell tray apparatus for a modular electrochemical device that are more easily manufac -
tured and serviced. A cell module is provided having a plurality of electrochemical cells. The cell module includes an electrically
conductive carrier element having aplurality of apertures, wherein each aperture isconfigured to accept atop portion of an electrode
body of an electrochemical cell. A modular cell tray apparatus is provided having aplurality of the cell modules. The cell tray appar -
atus includes an electrically insulating tray having rows of cell receptacles to accept the cell modules. A modular electrochemical
O device isprovided having aplurality of the cell tray apparatuses. The modular electrochemical device includes apluraity of electric -

al connectors configured to electrically connect the cell modules within a cell tray apparatus, and to electrically connect the cell tray
apparatuses to each other.
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MODULAR HIGH TEMPERATURE BATTERY ELECTRICAL
CONFIGURATIONS

BACKGROUND

TECHNICAL FIELD

[0001] Embodiments of the subject matter disclosed herein relate to batteries.
Other embodiments relate to modular €electrical configurations for multi-cell array
batteries.

DISCUSSION OF ART

[0002] Battery configurations for high temperature applications often rely on a
battery interconnect patteni to build up battery voltage, capacity, and current within a
string of cells that are then connected to an electrical bus. The pattern is oftes unique
for each battery application and has to be changed for each new application.
Furthermore, other configuration features related to thermal aspects, cooling aspects,
and wire and bus bar routing may be impacted as well. Such custom configurations
for new applications can make designing, manufacturing, and maintenance more
difficult and time-consuming.

[0003] It would therefore be desirable to develop a battery configuration with
features and characteristics that make the battery configuration more easily

manufactured and serviced versus battery configurations that are currently available.

BRIEF DESCRIPTION

[0004] In an embodiment, a cell module for an electrochemica device is provided
having a pluraity of elongate electrochemical cells each having a first electrode
protruding out of a top portion of a second electrode body. The cell module aso
provides an electricaly conductive elongate carrier element having a first plurality of
apertures, wherein each aperture is configured to accept a top portion of a second

electrode body of a cell of the plurality of cells therethrough. The second electrode



WO 2013/101435 PCT/US2012/068550

body of each cell iswelded to the carrier element at a corresponding aperture of the
first plurality of apertures.

[0005] In an embodiment, a modular cell tray apparatus for an electrochemical
device is provided having aplurality of the cell modules disclosed above herein. The
cell tray apparatus aso provides an electrically insulating tray having rows of cell
receptacles. Each row of cell receptacles is configured to receive and support at least
abottom portion of the cells of acell module of the plurality of cell modules.

[0006] In an embodiment, a modular electrochemical device is provided having a
plurality of the cell tray apparatuses disclosed above herein.  The modular
electrochemical device aso provides a first plurality of electrical connectors
configured to electrically connect the plurality of cell modules within each celi tray
apparatus of the plurality of cell tray apparatuses. The modular electrochemical
device further provides a second plurality of electrical connectors configured to

electrically connect the plurality of cell tray apparatuses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Reference is made to the accompanying drawings in which particular
embodiments of the invention are illustrated as described in more detail in the
description below, in which:

[0008] FIG. 1is an illustration of several views of a first embodiment of a cell
module for an electrochemical device;

[0009] FIG. 2isanillustration of an embodiment of acylindrically shaped cell;
[0010] FIG. 3isanillustration of a side view of afirst embodiment of a modular
cell tray apparatus having multiple cell modules of FIG. linstalled in an electrically
insulating cell tray;

[0011] FIG. 4 is an illustration of atop view of the modular cell tray apparatus of
FIG. 3 showing ten cell modules of FIG. linstalled in the cell tray;

[0012] FIG. 5isan illustration of an exploded view of a second embodiment of a
modular cell tray apparatus having multiple cell modules installed in an electrically
insulating cell tray;

[0013] FIG. 6 illustrates an unexploded view of the modular eel! tray apparatus of
FIG. 5;

&
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[0014] FIG. 7 illustrates a side view of amodular cell tray apparatus having rows
of cell receptacles in a cell tray where each row is populated by apair of cell modules
each having four cells;

[0015] FIG. 8 is an illustration of a perspective view of an embodiment of a
modular €electrochemical device including a pluraity of the modular cell tray
apparatuses of FIG. 6;

[0016] FIG. 9 is an illustration of a top view of the modular electrochemical
device of FIG. 8, more clearly showing the electrical connections from one modular
cell tray apparatus to ancther;

[0017] FIG. 10 is an illustration of a front view of the modular electrochemical
device of FIG. 8;

[0018] FIG. 11 is an illustration of a rear view of the modular electrochemical
device of FIG. 8;

[0019] FIG. 12 is an illustration of a side view of the modular electrochemical
device of FIG. 8, including enhanced perspective views showing the various types of
electrical connections;

[0020] FIG. 13 isan illustration of a perspective exploded view of an embodiment
of an enclosed modular electrochemical device having the modular electrochemical
device therein;

[0021] FIGS. 14A and 14B are illustrations showing two exemplary embodiments
of "rabbit" joints;

[0022] FIG. 15 isan illustration of an unexploded view of the enclosed modular
electrochemical device of FIG. 13;

[0023] FIG. 16 is an illustration of an embodiment of a battery management
system (BMS) mounted to the base plate of the modular electrochemica device of
FIG. 13; and

[0024] FIGS. 17A and 17B are illustrations of two views of an alternative

embodiment of a cell module configuration for an electrochemical device.

DETAILED DESCRIPTION
[0025] Embodiments relate to electrical interconnections for multi-cell array

batteries that are operated at high temperatures (e.g., 300 °C or more). The €electrica



WO 2013/101435 PCT/US2012/068550

interconnections are modular such that electrochemical devices of various
configurations providing various levels of voltage and capacity can be readily
conf gured.

[0026] With reference to the drawings, like reference numerals designate identical
or corresponding parts throughout the several views. However, the inclusion of like
elements in different views does not mean a given embodiment necessarily includes
such elements or that all embodiments of the invention include such elements.

[0027] FIG. lisan illustration of several views of afirst embodiment of a cell
module 100 for an electrochemical device. The cell module 100 includes a plurality
of electrochemical cells 110 (e.g., the cells may be elongate) each having a first
electrode 120 (e.g., a negative anode) and a second electrode 130 (e.g., a positive
cathode). In an embodiment, the first electrode protrudes out of atop portion of a
body of the second electrode 130. FIG. 2 is an illustration of an embodiment of a
cylindrically shaped cell 110 having a circular cross-section. In the exemplary
embodiment, each cell 110 can have a diameter of about 10 mm and a length of
between 110 mm and 210 mm. However, other cell dimensions are possible as well
in accordance with various other embodiments. Other cell cross-sections (eg.,
square, rectangular) are possible as well, in accordance with other alternative
embodiments.

[0028] In accordance with an embodiment, the first electrode 120 is a sodium
based negative anode and the second electrode body 130 is a nickel-chloride based
positive cathode. The spacing between adjacent cells 110 can be between 0.5 mm to
5 mm, in accordance with certain embodiments. However, other spacings are
possible as well, in accordance with other various embodiments. The total length of a
row of cells 110 forming a cell module 100 is largely dependent on the diameter and
spacing of the cells 110. Cell module lengths in the range of 250 mm to 500 mm may
be typical, however.

[0029] In some embodiments, the chemistry of a cell is of the sodium-metal -
halide type, where NaCl and Ni are converted to Na and NiCl; during battery
charging. The energy capacity of a cell can range from about 2 amp*hours to about
250 amp*hours. The operating temperature range of the cells can range between

about 270 °C and about 350 °C, in accordance with various embodiments.
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[0030] The cell module 100 further includes an electrically conductive elongate
carrier element 140 having a first plurality of apertures 135 (e.g., circular apertures).
Each aperture 135 is configured to accept a top portion of a second electrode body
130 of a cell 110 therethrough, that is, top portions of the second electrodes fit
through the apertures, with the apertures being spaced apart from one another to
correspond to the spacing between the cells. s accordance with an embodiment, the
second electrode body 130 of each cell 110 is welded to the carrier element 140 at a
corresponding aperture 135. Therefore, the carrier element 140 and the second
electrode bodies 130 are at the same electrical potential (e.g., a positive potential). As
used herein, the term "weld" refers to a connection using any technique that joins or
bonds one piece of metal to another such as, for example, brazing and soldering.
[0031] In accordance with an embodiment, the carrier element 140 is in the form
of a C-channel and may be made of one or more of mild steel, copper, beryllium,
nickel, or another electrically conductive material, including aloys such as copper-
beryllium. The C-channel configuration of the carrier element 140 may provide a
higher bending strength (provide stiffening) than that of a fiat strip and may also
increase the conductive area. In accordance with other embodiments, the stiffened
carrier element may be in a L-channel configuration. Other stiffened configurations
may be possible as well. The relationship of the carrier element 140 and the second
electrode bodies 130 alow for easy automated welding of each cell 110 to the carrier
element 140. Alternatively, the carrier element 140 may be press fit to the second
electrode body 130.

[0032] The cell module 100 aso includes an elongate electrically insulating strip
150 having a second plurality of apertures 155 (e.g., circular apertures). Each
aperture 155 is configured to accept a first electrode 120 of a cell 110 therethrough.
The insulating strip 150 rests across the top portion of the second electrode body 130
of each cell 110 and the carrier element 140. in accordance with an embodiment, the
insulating strip 150 is made of one or more of mica or another electrically insulating
material.

[0033] The cell module 100 further includes an electrically conductive first
electrode strip 160 having a third plurality of apertures 165 (e.g., circular apertures).
Each aperture 165 is configured to accept a first electrode 120 of a cell 110

.59
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therethrough. Furthermore, the first electrode 120 of each cell 110 is welded to the
first electrode strip 160 at a corresponding aperture 165. Alternatively, the first
electrode 120 of each cell 110 may be press fit to the first electrode strip 160 at a
corresponding aperture 165. Therefore, the first electrode strip 160 and the first
electrodes 120 are at the same electrical potential (e.g., a negative potential), and the
first electrode strip 160 is electrically insulated from the carrier element 140 via the
insulating strip 150. In accordance with an embodiment, during assembly of a cell
module, the carrier element 140, the insulating strip 150, and the first electrode strip
160 may be adhered together by a high temperature adhesive. Alternatively, the
carrier element 140, the insulating strip 150, and the first electrode strip 160 may be
pre-fabricated asasingle layered element.

[0034] In accordance with an embodiment, the first electrode strip 160 is made of
one or more of mild steel, copper, beryllium, nickel, or another electricaly conductive
material. Asaresult, the cells 110 of the cell module 100 are electrically connected in
paralel. The relationship of the first electrode strip 160 and the first electrodes allow
for easy automated welding of each cell 110 to the electrode strip 160. In accordance
with a dliglitly altered embodiment, the carrier element 140 fits over the second
electrodes 130, the insulating strip 150 fits over the second electrodes 130 on top of
the carrier element 140, and the first electrode strip 160 fits over the first electrodes
120. Even though the module configuration described above results in the cells of the
cell module being electrically connected in paralel, other configurations are possible
as well, in accordance with other embodiments. Modifications of the arrangement of
elements 140, 150, and 160 can be made to put the cells in series, for example. Then,
for example, the modules can be electrically connected in paralel.

[0035] FIG. 3isan illustration of a side view of afirst example embodiment of a
modular cell tray apparatus 300 having multiple cell modules 100 of FIG. 1linstalled
in an electrically insulating cell tray 310. The cell tray 310 has multiple rows of cell
receptacles where each row of cell receptacles is configured to receive and support at
least a bottom portion of the cells 110 of acell module 100. The cell tray 310 may be,
for example, aporcelain enamel coated cell tray or an anodized aluminum coated cell

tray. Other types of electricaly insulating cell trays are possible as well. In
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accordance with an embodiment, the spaces between adjacent cells 110 may be
available for cooling (e.g., cooling air flow).

[0036] FIG. 4 is an illustration of atop view of the modular cell tray apparatus
300 of FIG. 3 showing ten cell modules 100 of FIG. 1 installed in the electrically
insulating cell tray 310 having ten rows of cell receptacles with the cell modules 100
electrically connected together in series via a first plurality of conductive electrical
connectors 410. The electrical connectors 410 are configured (e.g., in a Z-shape) to
connect a positive potential contact to a negative potential contact which may be in
different spatial planes, in accordance with an embodiment. In accordance with an
embodiment, the electrical connectors 410 are welded to the terminals of the cell
modules 100 to form the electrical connections.

[0037] Alternatively, the cell modules 100 may be arranged to be electrically
connected in paralel by a plurality of conductive electrical connectors. As a further
aternative, the cell modules 100 may be arranged to be electrically connected in some
combination of series and parallel.

[0038] FIGS. 17A and 17B are illustrations of two views of an alternative
example embodiment of a cell module configuration for an electrochemical device.
In FIGS. 17A and 17B, the first anode electrodes 120 are each separately bended over
and welded to a bus bar 1710 that runs between the cell modules. The bus bar 1710
replaces the first electrode strip 160, for example, in FIG. 1. As aresult, a bus bar
1710 can be shared between two adjacent cell modules as shown in FIG. 17B.
Referring to FIG. 4, instead of each of the ten cell modules having a first electrode
strip 160 atop an insulating strip 150 for a total of ten first electrode strips 160, each
adjacent pair of cell modules can have abus bar 1710 therebetween for atota of five
bus bars 1710. Therefore, the potential to save material in the electrochemical device
isprovided.

[0039] FIG. 5 is an illustration of an exploded view of a second example
embodiment of a modular cell tray apparatus 500 having multiple (ten) cell modules
510 installed in an electricaly insulating cell tray 520. The cell modules 510 are
similar to the cell modules 100 of FIG. 1, and each module includes a plurality of

electrochemical cells 110 each having a first electrode 120 and a second electrode
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body 130. Also, each cell module 510 has an electrically conductive carrier element
140 asin FIG. 1.

[0040] However, instead of each cell module 510 having a separate electrically
insulating strip 160, a single electrically insulating sheet 530 is provided which is
shared by al of the cell modules 510. The insulating sheet 530 rests on top of the cell
modules 510 and has a pluraity of apertures 155 where each aperture 155 is
configured to accept afirst electrode 120 of acell 110 therethrough.

[0041] The cell tray apparatus 500 also includes a plurality of electricaly
conductive first electrode strips 160 similar to FIG. 1. The electrode strips 160 each
have a plurality of apertures 165 where each aperture 165 is configured to accept a
first electrode 120 of a cell 110 therethrough. The first electrode 120 of each cell is
welded to a corresponding first electrode strip 160 at a corresponding aperture 165.
As aresult, the first electrode strips 160 are electrically insulated from the second
electrode bodies 130 of the cells 110 by the insulating sheet 530. Again, as aresult,
the cells 110 of each cell module 510 are electrically connected in parallel.

[0042] The ten cell modules 510 of FIG. 5 are shown as being electricaly
connected together in series via a first plurality of conductive electrical connectors
410, similar to FIG. 4. Alternatively, the cell modules 510 may be arranged to be
electrically connected in paralel by a plurality of conductive electrical connectors.
As a further aternative, the cell modules 510 may be arranged to be electrically
connected in some combination of series and parallel.

[0043] The modular cell tray apparatus 500 also includes two end plates 540, two
side plates 550, and a sump plate 560 to encase all sides of the configuration of cell
modules 510 except for the top portion. The plates 540, 550, and 560 may be both
thermally and electrically non-conductive, in accordance with an embodiment. The
cell tray 520 and/or the sump plate 560 can be made of a material of low thermal
conductivity (e.g., fiberglass, wood, a composite material) to keep heat from escaping
the modular cell tray apparatus 500 through the bottom. In accordance with an
embodiment, the term "low thermal conductivity” refers to a therma conductivity
level that isat or below 1W/mK (watts per meter kelvin). In accordance with another

embodiment, the plates 540, 550, and 560 may be electrically non-conductive and
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thermally conductive. FIG. 6 illustrates an unexploded view of the modular cell tray
apparatus 500 of FIG. 5.

[0044] In accordance with an alternative embodiment, FIG. 7 illustrates a side
view of amodular cell tray apparatus 700 having rows of cell receptacles in a cell tray
710 where each row is populated by apair of cell modules 720 each having four cells.
The pair of cell modules 720 are electrically connected in series by welding the
negative output of afirst cell module 720 to a positive output of a second cell module
720 at awelding joint 730. In such a configuration, the individual cell modules 720
can be manufactured with fewer cells (e.g. four) than would be needed for a cell
module having enough cells (e.g., eight) to populate an entire row of the cell tray
apparatus 700. As aresult, a larger modular cell tray apparatus can be configured
from the same smaller cell modules. Note that the concept can be extended to rows
having three or more cell modules, in accordance with various other embodiments.
[0045] FIG. 8 isan illustration of a perspective view of an example embodiment
of amodular electrochemical device 800 including aplurality of the modular cell tray
apparatuses 500 of FIG. 6. In addition to the first set of electrical connectors 410
electrically connecting the cell modules within a cell tray apparatus (see FIG. 5), a
second set of electrical connectors 810 are provided, which are used to electrically
connect the modular cell tray apparatuses to each other in series to form the modular
electrochemical device 800. Bus bar elements 811 and 812 are also connected to the
front of the modular electrochemica device 800 to provide access to the total positive
and negative electrical potentials, respectively.

[0046] In accordance with an embodiment, the electrical connectors 810 may be
configured as breakable socket connectors. That is, the connectors 810 may be
readily connectable to and dis-connectable from the modular cell tray apparatuses 500
instead of being welded, for example. Such breakable socket connectors 810 provide
for easier assembly and disassembly of a modular electrochemical device 800. In
accordance with an embodiment, the breakable socket connectors 810 are configured
such that one modular cell tray apparatus 500 is able to be effectively plugged into
another such that modular cell tray apparatuses may be easily switched in and out of a

modular electrochemical device.
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[0047] In accordance with an aternative embodiment, the electrical connectors
810 may be flexible connectors (e.g., flat, stranded conductors) which are welded to
the terminals of the modular cell tray apparatuses 500. Such welded flexible
connectors 810 provide more reliability of the modular electrochemical device 800 by
allowing for a certain amount of movement of the modular cell tray apparatuses 500
with respect to each other due to, for example, vibration without breaking the
electrical connections between the apparatuses 500. With flexible connectors, each
cell tray apparatus is able to move with respect to other cell tray appératus& without
causing large stresses. Such flexible connectors may be especially useful in mobile
applications.

[0048] FIG. 9 is an illustration of a top view of the modular electrochemical
device 800 of FIG. 8, clearly showing the electrical connections from one modular
cell tray apparatus 500 to another. Asan example, each cell module 510 in acell tray
apparatus 500 may provide a potential of 2.5 VDC. Since there are ten cell modules
510 connected in series in each cell tray apparatus 500, each cell tray apparatus 500
provides a potential of 25 VDC. Since there are six cell tray apparatuses 500
connected in series in the modular electrochemical device 800, the modular
electrochemical device 800 provides a potential of 150 VDC between the bus bar
elements 81 1and 812.

[0049] FIG. 10 is an illustration of a front view of the modular electrochemical
device 800 of FIG. 8. FIG. 11 is an illustration of a rear view of the modular
electrochemical device 800 of FIG. 8. FIG. 12 isan illustration of a side view of the
modular electrochemical device 800 of FIG. 8, including enhanced perspective views
showing the various types of electrical connections. The electrical connectors 810 are
configured (e.g., in a Z-shape) to connect a positive potential contact to a negative
potential contact which may be in different spatial planes, in accordance with an
embodiment.

[0050] Alternatively, the modular cell tray apparatuses 500 may be arranged to be
electrically connected in parallel by a plurality of conductive electrical connectors.
As afurther aternative, the modular cell tray apparatuses 500 may be arranged to be

electrically connected in some combination of series and parallel.
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[0051] FIG. 13 isanillustraiion of aperspective exploded view of an embodiment
of an enclosed modular electrochemical device 1300 having the modular
electrochemical device 800 therein. The electrochemical device 1300 includes side,
top, and bottom insulating panels 1310 configured to thermally enclose the device
800, but allowing for the bus bar elements 811 and 812 to exit therethrough. The
panels 1310 may be vacuum insulated panels (VIP), for example, or some other type
of thermally insulating panels.

[0052] The panels 1310 may include "rabbit" joints, in accordance with an
embodiment. "Rabbit" joints are beveled cuts in the comers of the insulating panels
which reduce the optical path between the interior of the device 1300 and the exterior
of the device 1300 by reducing the radiation heat transfer paths at the corners
"Rabbit" joints reduce infrared radiation heat loss from arelatively hot interior region
to arelatively cold exterior region by preventing adirect line~of-site from the interior
region to the exterior region. FIGS. 14A and 14B are illustrations showing two
example embodiments of "rabbit" joints 1410.

[0053] The enclosed modular electrochemical device 1300 also includes a base
plate 1320 supporting the modular cell tray apparatuses 500 of the modular
electrochemical device 800 beneath the bottom insulating panel 1310 as shown in
FIG. 13. The base plate may be made of alow thermal conductivity material such as,
for example, Gil fiberglass composite or wood. The enclosed modular
electrochemical device 1300 further includes a cover or lid 1330 configured to drop
down over the modular electrochemical device 800 and the surrounding insulating
panels 1310 and attach to the base plate 1320. The cover 1330 may attach to the
baseplate 1320 via screws or bolts, for example. The cover 1330 is further configured
to alow for the bus bar elements 811 and 812 to exit therethrough. FIG. 15 is an
illustration of an unexploded view of the enclosed modular electrochemical device
1300 of FIG. 13.

[0054] Furthermore, in accordance with an embodiment, the interior and/or
exterior surfaces of the base plate 1320 and the cover 1330 may be coated with alow
emissivity coating which is a coating that reduces heat loss versus not using the
coating. Such a coating reduces the amount of radiative heat loss from the surfaces of

the enclosed modular €lectrochemical device 1300. In accordance with an
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embodiment, the term "low emissiviiy" refers to an emissivity level that isat or below
0.2. Viable coatings may include, for example, chromium, nickel, or aluminum that
are electroplated to the surfaces or are applied to the surfaces in the form of a foil.
For external surfaces, a low emissivity coating can reduce heat transfer to ambient
and, therefore, can reduce steady state heat |oss from the electrochemicai device 1300.
For internal surfaces, which face the cells 1 10, the coated surfaces can reflect infrared
radiation back toward the cells and minimize radiated heat transfer.

[0055] As an dternative, the cover 1330 may be avacuum lid top hat (the top hat
has a top portion and side portions, but not a bottom portion) that fits down over the
internal elements of the device 1300 and is welded to the base plate 1320 forming a
sealed space therein such that a vacuum may be formed inside the device 1300. The
vacuum may be formed by actively pulling air out of the sealed space, for example,
via a pump device. In such an alternative embodiment, the panels 1310 may be
eliminated.

[0056] The modular electrochemical device 1300 may further includes a battery
management system (BMS) 1610 configured to be mounted to the cover 1330, or the
base plate 1320 as shown in FIG. 14, (e.g., via bolts) and to operatively interface with
components disposed within the modular electrochemical device 1300 (e.g., via bus
bar elements, control signal electrical leads, monitored parameter electrical leads,
voltage sensing wires, heater leads, etc., which are routed through the insulating
panels 1310). The bus bar elements 81} and 812 can be insulated solid metal leads
(e.g., flat or round), or insulated cables that are stranded- and flexible, in accordance
with certain embodiments.

[0057] In accordance with an embodiment, certain leads and wires can be routed
through cooling channels of the modular electrochemical device 1300 (e.g., cooling
channels of the modular cell tray apparatuses 500) to provide access for measurement
of internal parameters of the modular electrochemical device 1300. For example, a
resistive thermal device (RTD) or thentiocouple can be located within the modular
electrochemical device 1300 for the purpose of measuring temperature. Wires from
the RTD can be routed through cooling channels and out to the BMS. In accordance
with an alternative embodiment, a dedicated channel that is not used for cooling can

be configured within the modular electrochemical device 1300 to provide access for
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measurement of internal parameters. The BMS is the controller of the modular
electrochemical device 1300 and serves to control temperature of the device 1300 and
the charging and discharging of the device 1300.

[0058] In the appended claims, the terms “including” and "having" are used asthe
plain language equivalents of the term "comprising”; the term "in which" is
equivalent to "wherein."  Moreover, in the following clams, the terms "first,"
"second,” "third,” "upper,” "lower," "bottom," "top," etc. are used merely as labels,
and are not intended to impose numerical or positional requirements on their objects.
Further, the limitations of the following claims are not written in means-plus-function
format and are not intended to be interpreted based on 35 U.S.C. § 112, sixth
paragraph, unless and until such claim limitations expressly use the phrase "means
for" followed by a statement of function void of further structure. Asused herein, an
element or step recited in the singular and proceeded with the word "a" or "an" should
be understood as not excluding plural of the elements or steps, unless such exclusion
is explicitly stated. Furthermore, references to "one embodiment” of the present
invention are not intended to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features. Moreover, unless explicitly
stated to the contrary, embodiments "comprising,” "including,” or "having" an
element or aplurality of elements having a particular property may include additional
such elements not having that property. Moreover, certain embodiments may be
shown as having like or similar elements, however, this is merely for illustration
purposes, and such embodiments need not necessarily have the same elements unless
specified in the claims.

[0059] As used herein, the terms "may” and "may be" indicate a possibility of an
occurrence within a set of circumstances, a possession of a specified property,
characteristic or function; and/or qualify another verb by expressing one or more of an
ability, capability, or possibility associated with the qualified verb. Accordingly,
usage of "may" and "may be" indicates that amodified term is apparently appropriate,
capable, or suitable for an indicated capacity, function, or usage, while taking into
account that in some circumstances the modified term may sometimes not be

appropriate, capable, or suitable. For example, in some circumstances an event or
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capacity can be expected, while in other circumstances the event or capacity cannot
occur — this distinction is captured by the terras "may" and "may be."

[0060] This written description uses examples to disclose the invention, including
the best mode, and also to enable one of ordinary skill in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims,
and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structura
elements that do not differentiate from the literal language of the claims, or if they
include equivalent structural elements with insubstantial differences from the literal

language of the claims.
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CLAIMS
What is claimed is:

I. A cell module for an electrochemica device, comprising:

a plurality of electrochemical cells, the cells each having a first electrode
protruding out of atop portion of abody of a second electrode; and

an electrically conductive elongate carrier element having a first plurality of
apertures, wherein the first plurality of apertures are configured to respectively accept
the top portions of the second electrode bodies therethrough,

and wherein the second electrode body of each cell is welded to the carrier

element at a corresponding aperture of the first plurality of apertures.

2. The cell module according to claim 1, wherein the carrier element is

configured as one of a C-channel and an {.-chasnel.

3. The cell module according to clam 1, wherein the carrier element

comprises mild stedl.

4. The cell module according to claim 1, wherein the carrier element

comprises one or more of copper, beryllium, or nickel.

5. The cell module according to claim 1, further comprising an elongate
electrically insulating strip having a second plurality of apertures, wherein the
apertures of the second plurality of apertures are configured to respectively accept the
first electrodes of the plurality of cells therethrough, and wherein the elongate
electrically insulating strip is configured to rest across the top portions of the second

electrode bodies of the plurality of cells and the carrier element.

6. The cell module according to claim 5, wherein the insulating strip

comprises mica.
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7. The cell module according to claim 5, further comprising an electrically
conductive first electrode strip having a third plurality of apertures, wherein the
apertures of the third plurality of apertures are configured to respectively accept the
first electrodes of the plurality of cells therethrough, and wherein the first electrode of
each cell is welded to the first electrode strip a a corresponding aperture of the third
plurality of apertures, and wherein the first electrode strip is electrically insulated
from the carrier element via the insulating strip.

8. The cell module according to clam 7, wherein the first electrode strip
comprises one or more of mild steel, copper, beryllium, or nickel.

9. A modular cell tray apparatus for an electrochemical device, comprising:

aplurality of the cell modules of claim 1; and

an electrically insulating tray having rows of cell receptacles, each row of cell
receptacles configured to receive and support at least a bottom portion of the cells of a
respective one of the plurality of cell modules.

10. The cell tray apparatus according to claim 9, further comprising an
electricaly insulating sheet having a second plurality of apertures, wherein the
apertures of the second plurality of apertures are configured to respectively accept the
first electrodes of the plurality of cell modules therethrough, and wherein the
electrically insulating sheet is configured to rest across top portions of the plurality of
cell modules.

11. The cell tray apparatus according to clam 10, further comprising a
plurality of electrically conductive first electrode strips each having athird plurality of
apertures, wherein the apertures of the third plurality of apertures are configured to
respectively accept the first electrodes of the plurality of cell modules therethrough,
and wherein the first electrodes are welded to the plurality of first electrode strips at
corresponding apertures of the third plurality of apertures, and wherein the first
electrode strips are electrically insulated from the second electrode bodies of the cells
viathe insulating sheet.
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12. The cdll tray apparatus according to claim 9, further comprising:

asump plate positioned below the electrically insulating tray; and

aplurality of side plates positioned along outer side portions of the plurality of
cell modules, wherein the sump plate and the pluraity of side plates form an

uncovered housing of the cell tray apparatus.

13. The cell tray apparatus according to clam 12, further comprising a
plurality of electrica connectors configured to electrically connect the plurality of cell

modules in series.

14. The cell tray apparatus according to clam 12, further comprising a
plurality of electrical connectors configured to electrically connect the plurality of cell

modules in paralldl.

15. A modular electrochemical device, comprising:

aplurality of the cell tray apparatuses of claim 9;

afirst plurality of electrical connectors configured to electrically connect the
plurality of cell modules within each cell tray apparatus of the plurality of cell tray
apparatuses, and

a second plurality of electrical connectors configured to electrically connect

the plurality of cell tray apparatuses.

16. The electrochemical device according to claim 15, wherein the second
plurality of electrical connectors are configured to electricaly connect the plurality of

cell tray apparatuses in series.
17. The electrochemical device according to clam 15, wherein the second

plurality of electrical connectors are configured to electrically connect the plurality of

cell tray apparatuses in paralel.
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18. The electrochemical device according to clam 15, wherein the second

plurality of electrica connectors are configured as breakable socket connectors.

19. The electrochemical device according to claim 15, wherein the second

plurality of electrica connectors are configured as welded flexible connectors.

20. The electrochemical device according to claim 15, further comprising:

afirst bus bar element routing a negative potential of the plurality of the cell
tray apparatuses away from the plurality of cell tray apparatuses; and

a second bus bar element routing a positive potential of the plurality of the cell

tray apparatuses away from the plurality of cell tray apparatuses.

21. The electrochemical device according to claim 15, further comprising:

a pluraity of insulating panels positioned along outer side portions of the
plurality of cell tray apparatuses;

abase plate positioned adjacent to one of the plurality of insulating panels and
configured to support the plurality of cell tray apparatuses; and

alid configured to cover the plurality of cell tray apparatuses and attach to the
base plate.

22. The eectrochemical device according to claim 21, wherein the lid is
coated with alow emissivity coating, and wherein adjacent panels of the plurality of
insulating panels form rabbit joints, and wherein the base plate is made of a low

thermal conductivity material.

23. The electrochemica device according to claim 21, further comprising a

battery management system mounted on the base plate.

24. The electrochemical device according to claim 21, wherein the plurality of

insulating panels are vacuum insulated panels.
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25. The electrochemica device according to clam 21, wherein the lid is

configured as avacuum lid top hat.

26. A cell module, comprising:

a plurality of electrochemical cells having plura first electrodes and plural
second electrodes, each electrochemical cell having one of the first electrodes and one
of the second electrodes at an end of the cell; and

an electrically conductive carrier element having afirst plurality of apertures,
wherein the apertures are spaced and sized to receive the second electrodes through
the apertures,

wherein the second electrodes are welded to the carrier elements at respective

apertures of the plurality of apertures.

27. A modular cell tray apparatus, comprising:

aplurality of the cell modules of claim 26; and

an electrically insulating tray having plura rows of cell receptacles, each row
of cell receptacles configured to receive and support at least a bottom portion of the

electrochemical cells of one of the plurality of cell modules.

28. A modular electrochemical device, comprising:

aplurality of the cell tray apparatuses of claim 27;

afirst plurality of electrical connectors configured to electrically connect the
plurality of cell modules within each cell tray apparatus of the plurality of cell tray
apparatuses; and

a second plurality of electrical connectors configured to electrically connect

the plurality of cell tray apparatuses.

29. The electrochemical device of claim 28, further comprising:

a pluraity of insulating panels positioned along outer side portions of the
plurality of cell tray apparatuses;

abase plate positioned adjacent to one of the plurality of insulating panels and

configured to support the plurality of cell tray apparatuses, and
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alid configured to cover the plurality of cell tray apparatuses and attach to the
base plate.

30. A cell module, comprising:

a plurality of electrochemica cells having plura first electrodes and plural
second €electrodes, each electrochemical cell having one of the first electrodes and one
of the second electrodes at an end of the cell;

an elecirically conductive carrier having a first plurality of apertures, wherein
the apertures of the first plurality of apertures are spaced and sized to receive the
second electrodes therethrough, wherein the second electrodes are welded to the
carrier at respective apertures of the first plurality of apertures;

an electrically insulating first strip having a second plurality of apertures,
wherein the apertures of the second plurality of apertures are spaced and sized to
receive the first electrodes or the second electrodes therethrough; and

an electrically conductive second strip having a third plurality of apertures,
wherein the apertures of the third plurality of apertures are spaced and sized to receive
the first electrodes therethrough, wherein the first electrodes are welded to the second
strip at respective apertures of the third plurality of apertures, and wherein the second

strip is electrically insulated from the carrier by the first strip.

31. A cell module, comprising:

a plurality of electrochemica cells having plura first electrodes and plura
second el ectrodes, each electrochemical cell having one of the first electrodes and one
of the second electrodes at an end of the cell;

an electrically conductive carrier element having a first plurality of apertures,
wherein the apertures are spaced and sized to receive the second electrodes through
the apertures, and wherein the second electrodes are welded to the carrier elements at
respective apertures of the plurality of apertures;

an electrically insulating strip having a second plurality of apertures, wherein
the apertures of the second plurality of apertures are configured to respectively accept
the first electrodes of the plurality of cells therethrough, and wherein the electrically

20



WO 2013/101435 PCT/US2012/068550

insulating strip is configured to rest across the top portions of the second electrodes of
the plurality of cells and the carrier element; and

an electricaly conductive first electrode strip having a third plurality of
apertures, wherein the apertures of the third plurality of apertures are configured to
respectively accept the first electrodes of the plurality of cells therethrough, and
wherein the first electrode of each cell is welded to the first electrode strip a a
corresponding aperture of the third plurality of apertures, and wherein the first

electrode strip is electrically insulated from the carrier element viathe insulating strip.



100

WO 2013/101435

117

PCT/US2012/068550

SUBSTITUTE SHEET (RULE 26)




00000000000000000000000000000

2/17

SUBSTITUTE SHEET (RULE 26)



000000000000000000000000000000




PCT/US2012/068550

WO 2013/101435

4/17

oLy

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068550

WO 2013/101435

ST

165

530
110

500

SUBSTITUTE SHEET (RULE 26)



WO 2013/101435 PCT/US2012/068550

6/17

FIG. 6

500

SUBSTITUTE SHEET (RULE 26)



000000000000000000000000000000




WO 2013/101435

o
O
LL.

-
-
W0

PCT/US2012/068550

8/17

810

N e
S \\\\\-‘q\\\‘\.\ AR

AR
N \”‘\\\\*@\*«

N
SRR

v

3
3 AR

L
A
L
LA
L

N ¢ N
ThanhTan
4‘\“\\\: ‘Q\\\.\ 2
\Q§ A

\1. !\ 3 \
N ‘g\%}\\\b\"\‘ D

i \\x\\“\i\‘%\%{\\%\
'3\\;:\\‘\;}:\

SUBSTITUTE SHEET (RULE 26)

812




WO 2013/101435 PCT/US2012/068550

917
8)
Li.
[on] (]
w ~ 00
N
2 o
[eo]
<\§ |
©
o il as)
& @
-
o
v

SUBSTITUTE SHEET (RULE 26)



PCT/US2012/068550

WO 2013/101435

10/17

N
§,

7T ]
...

]

.

\k\%\\\w\w\w\w\w\w\w\w\wﬁﬁﬁ@%\%\\\w\w\wﬁﬁﬁ%k

...

-

-

...

o

Z
ém

\x\w\w\w\w\w\w\w\w\w\w\w\w\w\w\w\w\w\%w .

\R\MW\W\W\W\%\W\W\W\W\W\W\W\W\W\W\W\W\W\W\W\W\%

n

\
.
.
-

\M\\m\\m

N
N
=

\

\\

N
o
=

N
&

SUBSTITUTE SHEET (RULE 26)

X
.

.

-

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

... \\mm\

\

|
.
-
.
-

o
.
.
.
e

.
.
.
.
%
.

*m«\wx

Ol 9ld /



\\5

=

s

| \ \ .
\ \ \.\\ 7% 7 k“\\\n.\wwww




PCT/US2012/068550

WO 2013/101435

... . fr\\m
19

L .‘\\%\%\%\%
e G

e

.

. e

OO
N

.
... ..

-
2 \\\\w\w\w\w\w\w\w\w\wﬁ%

.

o -

o

g

aiB

SUBSTITUTE SHEET (RULE 26)



WO 2013/101435 PCT/US2012/068550

13/17

FlG. 13

A

1300

SUBSTITUTE SHEET (RULE 26)



14/17

\\\

Gl O

- %W%

\\\\\

]

Yl 914

SUBSTITUTE SHEET (RULE 26)



WO 2013/101435 PCT/US2012/068550

15117

FIG. 15

1300

SUBSTITUTE SHEET (RULE 26)






SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/068550

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO01M2/02 HO01M2/04
ADD.

According to International Patent Classification (IPC) orto both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1M

Documentation  searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , wpPl Data, PAJ, INSPEC, COMPENDEX

C.DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A wo 2009/016335 Al (ROLLS ROYCE PLC [GB]; 1-31
DONALDSON ANTHONY JAMES [GB]; MORT JOHN
PAUL [GB) 5 February 2009 (2009-02-05)

page 4, line 6 - page 8, line 10; claims
1-18
A wo 2010/085474 Al (ADVANCED BATTERY 1-31

CONCEPTS LLC [US]; SHAFFER EDWARD 0 [US];
BRECHT Wl LL) 29 July 2010 (2010-07-29)
paragraph  [0059] - paragraph  [0095]

A cN 101 752 614 A (UNIV NANJING) 1-31
23 June 2010 (2010-06-23)
the whol e document

A us 2008/145746 Al (ZAPPI GUI LLERMO DANIEL 1-31
[US] ET AL) 19 June 2008 (2008-06-19)
paragraph  [0084] - paragraph [0116]

/-

| Xl Further documents are listed inthe continuation of Box C. |X I See patent family annex.

* Special categories of cited documents
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

‘A" document defining the general state of the art which is not considered the principle ortheory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel orcannot be considered to involve an inventive
"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other

5 L "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled inthe art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
27 March 2013 08/04/2013
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, H
Fax: (+31-70) 340-3016 Wi edemann ! Eri c

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/068550
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 195 38 003 Al (PROGRAMME 3 PATENT 1-31
HOLDINGS [LU] ) 18 Apri | 1996 (1996-04-18)
col umn 11, line 7 - col umn 19, line 8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2012/068550
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2009016335 Al 05-02- 2009 NONE

WO 2010085474 Al 29-07-2010 CN 102272978 A 07-12-2011
EP 2389698 Al 30-11-2011
us 2010183920 Al 22-07-2010
WO 2010085474 Al 29-07-2010

CN 101752614 A 23-06-2010 NONE

US 2008145746 Al 19-06- 2008 NONE

DE 19538003 Al 18-04-1996 DE 19538003 Al 18- 04- 1996
FR 2730860 Al 23-08-1996
GB 2294803 A 08-05- 1996
L 115628 A 11- 04- 1999
JP 3736879 B2 18- 01- 2006
JP H08185888 A 16-07- 1996
ZA 9508252 A 15- 04- 1996

Form PCT/ISA/210 (patent family annex) (April 2005)




	abstract
	description
	claims
	drawings
	wo-search-report

