wo 2016/202556 A1 |11 0F V0 0000 000 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

22 December 2016 (22.12.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/202556 A1l

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
HOIM 2/02 (2006.01) HOIM 10/04 (2006.01) DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
HOIM 2/04 (2006.01) HOIM 10/42 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

. e KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(21) International Application Number: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

PCT/EP2016/062025 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
27 May 2016 (27.05.2016) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
62/180,821 17 June 2015 (17.06.2015) US TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(71) Applicant: ROBERT BOSCH GMBH [DE/DE]; Post- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
fach 30 02 20, 70442 Stuttgart (DE). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

(72) Inventor: ADONAKIS, Nick; 6020 Silverbrook West, GW. KM, ML, MR, NE, SN, TD, TG).

West Bloomfield, Michigan 48322 (US). Published:
(81) Designated States (unless otherwise indicated, for every —  with international search report (Art. 21(3))

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: STACKABLE CELL AND BATTERY MODULE INCLUDING SAME

Fig. 4A

5

&

(57) Abstract: A battery module supports a stack of nested electrochemical cells. Each cell includes an electrically-conductive con -
tainer including a bottom, and a sidewall surrounding a periphery of the bottom. Each cell includes an electrically-conductive cell
cover configured to close an open end of the container, an insulating gasket disposed between the container and the cell cover and an
electrically-conductive jelly roll electrode set disposed in the container. The cell cover is formed having a recess configured to re -
ceive the bottom of an adjacent cell. In particular, the recess is configured to conform to the shape and size of the bottom of the adja -
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STACKABLE CELL AND BATTERY MODULE INCLUDING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application No. 62/180,821,
filed on June 17, 2015 and entitled “Elliptical Cell and Module Including Same,” the entire

contents of which are incorporated herein by reference.

BACKGROUND
1. Field of the Invention
[001] The present application relates to batteries and modules including electrically
interconnected batteries, and in particular, to lithium (e.g., lithium-ion, lithium-polymer, etc.)

batteries and modules including same.
2. Description of the Related Art

[002] Batteries provide power for various technologies ranging from portable electronics to
renewable power systems and environmentally friendly vehicles. For example, hybrid electric
vehicles (HEV) use a battery and an electric motor in conjunction with a combustion engine
to increase fuel efficiency. Although nickel metal hydride (Ni-MH) batteries are commonly
used for HEV applications, lithium-ion (Li-ion) batteries are increasingly used in HEV
applications since they provide roughly twice the power and energy density of a Ni-MH

battery.

[003] Lithium-ion batteries, also referred to as cells, are sometimes provided in a housing
having a cylindrical or prismatic (rectangular) shape. Alternatively, such batteries may be in

the form of a so-called pouch cell.

[004] Regardless of shape, the cell may include electrodes (for example, a positive electrode,
a negative electrode and an intermediate separator provided in a stacked arrangement) that are
rolled in the form of a so—called jelly roll and are placed in the housing along with the

electrolyte, giving rise to a cylindrical or a prismatic cell.

[005] The pouch cell can be constructed using electrodes that are rolled in the form of a jelly
roll or are stacked depending on the strength of the current that is drawn out of the

electrochemical chemical system (i.e. the electrodes).
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[006] To construct an electrical system, multiple cells are connected electrically in series or
in parallel. In many applications, the cells are arranged to provide a compact battery system
that maximizes the energy (KWh) with respect to weight and volume of the entire battery

system.

SUMMARY

[007] In some aspects, an electrochemical cell, for example a lithium-ion electrochemical
cell, is provided that includes an electrically conductive container including a bottom, and a
sidewall surrounding a periphery of the bottom. Each cell includes an electrically conductive
cell cover configured to close an open end of the container, an insulating gasket disposed
between the container and the cell cover and an electrically conductive jelly roll electrode set
disposed in the container. The cell cover is formed having a recess configured to receive the
bottom of an adjacent cell. In particular, the recess is configured to conform to the shape and
size of the bottom of the adjacent cell so that when the cells are stacked end-to-end, a cell
stack is formed in which the cells of the stack a) fit within each other in a nested arrangement,

and b) form an electrical connection.

[008] The cell housings are electrically conductive and include a positive portion at one end
and a negative portion at the opposed end. When the cells are arranged by nesting the cell
housings to form a stack, a direct serial electrical connection is formed between adjacent cell
housings of the stack without requiring separate terminals to form the connection. Moreover,
the nested configuration helps to maintain the electrical connection between adjacent cells,

and provides lateral and rotational stability to the stack of cells.

[009] In addition, the electrochemical cell housing including the container and the cell cover
are formed having an elliptical peripheral shape. Advantageously, employing an elliptical cell
geometry in combination with the design of the battery electrodes allows the electrodes to
swell along the circumference. The ability to swell is beneficial since the active materials of
the battery cell expand during cycling (e.g., during battery discharge and recharge). Although
the cyclic change in the electrode structure for the most part is not disadvantageous to the cell,
in some cell configurations a counter force is applied to the cells by the supporting battery
module that counterbalances swelling of the active material. In some cases, the counter force

can harm the cell and result in sudden death of some or all cells in a battery module.
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[0010] The elliptical electrode geometry is conceived in a manner that allows the swelling or
the bulging to take place in a radial manner thereby exerting force on the circumference. In
addition, the elliptical cell, as a result of the major and the minor axes, results in differential
frictional forces inside the cell allowing the cell to swell and rotate. Although the ellipse
along the circumference may preferentially tend to become circular, the initial elliptical shape
of the cell allows swelling to take place while it is arranged in a modular form and cells do not

suffer a sudden death.

[0011] This can be compared to the effect of electrode swelling in some conventional housing
geometries. For example, in a circular cell, the electrodes are rolled and positioned inside the
cylindrical cavity. Due to the circular shape of the cell housing, the jelly roll is generally
uniformly pressed against the cylindrical wall. During swelling, the innermost part of the
cylindrical jelly roll pushes itself inwards (into the inner core of the cylindrical cell), whereas
the outer layers remain pressed against the cylindrical walls. The cylindrical cell, as a result of
its symmetry, can generate symmetrical forces inside the cell and therefore movement of the
jelly roll inside the cell is restrictive. The counter force exerted by the cylindrical walls can
subject the electrode roll (or jelly roll) to a pressure that destroys the electrode resulting in cell
death. Thus, cylindrical cells may be in a highly pressed state during electrode expansion,

and consequently their lifetimes may be shorter than cells having other geometries.

[0012] One difference between the elliptical cell and the circular cell is therefore
characterized by the fact that major and the minor axes of the elliptical cell applies fewer
constraints on the jelly roll compared to the case of the fixed diameter in case of a circular

cell.

[0013] Moreover, in some embodiments, due to a slight mismatch in the elliptical shape or
proportions of the jelly roll and the cell housing, a small spacing exists between the jelly roll
and some portions of the elliptical casing, allowing further expansion of the jelly roll. This

reduces the negative effects of swelling, and thus helps to optimize cell life.

[0014] In addition to permitting swelling without suffering cell death, the elliptical shape of
the cell also provides increased cell efficiency compared to some cells having conventional
cell shapes. For example, when compared to a prismatic cell, in which the corners remain un-
utilized, the elliptical cell allows more volume utilization giving rise to almost a 30% volume
efficiency. In addition, the prismatic cell may have disadvantages similar to those of the

circular cell. For example, in some cases, the electrodes can be highly pressed against the
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walls of the prismatic housing or in a battery system (module) during expansion, whereby and

the housing exerts a compression force in the cell that can be detrimental to cell function.

[0015] Moreover, the nature of stacking of the elliptical cells in a module provides a lower
profile module housing than modules of cylindrical cells of the same diameter. In addition,
the elliptical shape of the cells results in a relatively large space in between the modules. The
latter feature circumvents the disadvantage of the prismatic cell, which as result of a close-
pack structure in a prismatic module requires additional hardware components, such as spring

actions and other restraining means so that no structural change in the module takes place.

[0016] Advantageously, the elliptical cell provides an improvement in volumetric efficiency
of 87 percent relative to a prismatic cell, and an improvement in battery module volumetric
efficiency of 70 percent relative to a battery module including the same number of prismatic

cells.

[0017] The elliptical shape of the cell helps to suppress the negative effects of swelling and
provides improved structural integrity, which in turn reduces noise, vibration and harshness

(NVH) within a vehicle using the cells and modules, and increases cell lifetime.

[0018] The nesting capability of the cells has the effect that minimum additional structural
support is required within the battery module. The nesting feature when combined with
providing an electrically conductive cell housing, reduces the number and complexity of the

geometry of the electric terminals in the battery module.

[0019] In some aspects, a battery module comprising electrochemical cells is provided. Each
electrochemical cell includes an electrically-conductive cell housing having a container
portion having an open end, and a cell cover portion that is secured to the container portion in
such a way as to close the open end. In addition, each electrochemical cell includes an
electrically isolating member disposed between the cell cover portion and the container
portion, and an electrically-conductive jelly roll disposed in the cell housing, the jelly roll
arranged such that a first electrode of the jelly roll is electrically connected to the container
portion, and second electrode of the jelly roll is electrically connected to the cell cover
portion. A first end of the cell housing of one of the electrochemical cells defines a recess
configured to receive a second end of the cell housing of an adjacent one of the
electrochemical cells. The second end of the cell housing of the adjacent one of the
electrochemical cells is received within the recess of the cell housing of the one of the

electrochemical cells whereby the housings of the one of the electrochemical cells and the
4
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adjacent one of the electrochemical cells a) fit within each other in a nested arrangement in
which the respective cell housings are stacked end to end, and b) form an electrical

connection.

[0020] The battery module may include one or more of the following features: The recess is
formed in the cell cover portion. The recess conforms to the size and shape of the second end
of the cell housing. The container portion includes a closed end spaced apart from the cell
cover, and the closed end and the cell cover each have an elliptical peripheral shape. The
battery module includes a module base configured to support a stack of electrochemical cells,
wherein the electrochemical cells have an elliptical shape that defines a major axis and a
minor axis, and the electrochemical cells are arranged within the module base such that the
major axis of each cell is parallel to a bottom support surface of the module base. The module
base supports a first stack of electrochemical cells and a second stack of electrochemical cells
arranged within the module base such that the major axis of each cell is parallel to a bottom
support surface of the module base, and the first stack of electrochemical cells is parallel to
the second stack of electrochemical cells. The battery module includes a flex sheet having a
first portion that overlies a portion of the cells of the first stack and a second portion that
overlies a portion of the cells of the second stack. The first portion and the second portion
comprise a curved shape that conforms the shape of the portion of the cells of the respective
stack. The flex sheet includes a first portion that overlies a portion of the cells of the first
stack and a second portion that overlies a portion of the cells of the second stack, the first
portion and the second portion comprising a curved shape that conforms the shape of the
portion of the cells of the respective stack. The flex sheet includes an electrically conductive
path that electrically connects an outer-most cell of the first stack to an outer-most cell of the
second stack whereby the first stack is serially connected to the second stack. The flex sheet
includes cell sensors arranged to detect properties of the cells, and electrically conductuctive
paths that connect the cell sensors to a control unit that monitors an output of the cell sensors.
The flex sheet includes a first portion defining a first cuved portion that overlies a portion of
the cells of the first stack and conforms the shape of the portion of the cells of the first stack, a
second portion defining a second curved portion that overlies a portion of the cells of the
second stack and conforms the shape of the portion of the cells of the first stack, and an
intermediate portion that joins the first portion to the second portion, the intermediate portion

defining an elonated V-shaped channel that extends parallel to the first stack.
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[0021] In some aspects, an electrochemical cell is provided. The electrochemical cell
includes an electrically-conductive container including a bottom, and a sidewall connected to,
and surrounding a periphery of, the bottom, the sidewall extending at an angle from the
bottom. The electrochemical cell includes an electrically-conductive cell cover, the cell cover
configured to close an open end of the container, and an insulating gasket disposed between
the container and the cell cover. In addition, the electrochemical cell includes an electrically-
conductive jelly roll disposed in the container, a first electrode of the jelly roll electrically
connected to the container and a second electrode of the jelly roll electrically connected to the
cell cover. One of the bottom and the cell cover is formed having a recess, the recess
configured to receive the other of the bottom and the cell cover of another electrochemical
cell, and conform to the shape and size of the other of the bottom and the cell cover of the
another electrochemical cell to form a cell stack in which the electrochemical cells of the

stack a) fit within each other in a nested arrangement, and b) form an electrical connection.

[0022] The electrochemical cell may include one or more of the following features: The cell
cover is formed having a recess, the recess configured to receive the bottom of the another
electrochemical cell and to conform to the size and shape of the bottom of the another
electrochemical cell. The jelly roll comprises material strips including a first insulating strip,
a second insulating strip, the first electrode disposed between the first insulating strip and the
second insulating strip, and the second electrode disposed between the second insulating strip
and a third insulating strip, the material strips arranged in a stacked configuration and then
rolled to form a roll having multiple turns and an elliptical shape. The first insulating strip, the
second insulating strip and the third insulating strip are arranged such that a first long edge
and a second long edge of each of the first insulating strip, the second insulating strip and the
third insulating strip are aligned, where the first long edge is opposed to the second long edge.
In addition, the first electrode is arranged so that a long edge of the first electrode is offset in a
first direction relative to the first long edge of each of the first insulating strip, the second
insulating strip and the third insulating strip, and the second electrode is arranged so that a
long edge of the second electrode is offset in a second direction relative to the second long
edge of each of the first insulating strip, the second insulating strip and the third insulating
strip, where the second direction is opposed to the first direction. The electrochemical cell
includes a first electrically conductive member that electrically connects the first electrode of
the jelly roll to the container, and second electrically conductive member that electrically

connects the second electrode of the jelly roll to the cell cover. Each of the first electrically
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conductive member and the second electrically conductive member is an electrically
conductive plate. Each of the first electrically conductive member and the second electrically
conductive member is an electrically conductive wire. The first electrode is directly welded
to the container, and the second electrode is directly welded to the cell cover. The
electrochemical cell includes a mandrel having an elliptical cross-sectional shape, the mandrel
disposed at the center of the jelly roll. A free end of the side wall and a periphery of the cell
cover are crimped together such that a protruding ridge is formed surrounds the cell cover,
and the gasket is disposed between, and electrically isolates, the free end of the side wall and
the periphery of the cell cover. At least one of the cell cover and the bottom include surface
features that provide structural reinforcement. The surface features include an elongated,
radially-extending protruding ridge. The spacing between the bottom and the cell cover
defines a height of the electrochemical cell, the cell cover and the bottom each comprise a
first dimension corresponding to a length of a major axis of the elliptical peripheral shape and
a second dimension corresponding to a length of a minor axis of the elliptical peripheral

shape, and the height of the housing is less than the length of the second dimension.

[0023] In some aspects, a method of determining the aspect ratio of a cell housing of an
electrochemical cell is provided. The elecrochemical cell includes a jelly roll-type electrode
assembly that is wound around winding axis. A cell height of the electrochemical cell
corresponds to a dimension parallel to the winding axis and a cell maximum length of the
electrochemical cell corresponds to a maximum dimension of the cell in a direction transverse
to the winding axis. The method may include determining the current output requirements of
the electrochemical cell, and determining the minimum aspect ratio that meets the determined
current output requirements of the electrochemical cell, where the aspect ratio is defined as

the ratio of a height of the cell housing to the maximum length of the cell housing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] Fig. 1 is a perspective view of an elliptical electrochemical cell.
[0025] Fig. 2 is an exploded view of cell housing of the cell of Fig. 1.

[0026] Fig. 3 is an exploded view of cell of the cell of Fig. 1 with the gasket omitted for

clarity.
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[0027] Fig. 4A is a perspective side sectional view of two cell housings in a stacked
configuration in which the crimped regions of each cell housing are encircled.

[0028] Figs. 4B is an enlarged detail side sectional view of the crimped region of Fig. 4A.

[0029] Fig. 4C is an enlarged detail side sectional view of the crimped region of Fig. 4A prior

to crimping.

[0030] Fig. 5 is a plan view of the cell cover.

[0031] Fig. 6 is a side sectional view of the cell cover as seen along line A—A of Fig. 5.
[0032] Fig. 7 is an enlarged schematic view of the vent illustrating a scoring pattern.

[0033] Fig. 8 is an enlarged schematic view of the vent illustrating an alternative scoring

pattern.

[0034] Fig. 9 is a perspective view of the electrode set used to form the jelly roll.
[0035] Fig. 10 is a perspective view of the mandrel.

[0036] Fig. 11 is a perspective view of the electrode set wound to form the jelly roll.

[0037] Fig. 12 is an exploded perspective view of an alternative embodiment cell employing

current collectors disposed between the jelly roll and the cell housing.

[0038] Fig. 13 is an enlarged detail side sectional view of the crimped region in the cell
housing of Fig. 12, illustrating the gasket interposed between the current collector and the

containter sidewall.

[0039] Fig. 14 is an exploded perspective view of another alternative embodiment cell.
[0040] Fig. 15 is an exploded perspective view of another alternative embodiment cell.
[0041] Fig. 16 is a perspective view of another embodiment of the current collector.
[0042] Fig. 17 is a perspective view of another embodiment of the current collector.

[0043] Fig. 18 is a perspective view of another embodiment cell with the cover omitted

illustrating another embodiment of the current collector.

[0044] Fig. 19 is a perspective view of the current collector of Fig. 17 secured to a jelly roll,

the current collector including a spring ribbon.

[0045] Fig. 20 is a top plan view of the cell cover with dashed lines illustrating a welding

pattern.
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[0046] Fig. 21 is a perspective view of a cell stack in which the cells of the stack are nested

together.

[0047] Fig. 22 is a perspective view of a cell stack in which the cells of the stack are

longitudinally spaced apart.
[0048] Fig. 23 is a perspective view of a battery module including the elliptical cells.

[0049] Fig. 24 is a perspective sectional view of the battery module of Fig. 23 as seen along
line B—B of Fig. 23.

[0050] Fig. 25 is an exploded view of the battery module of Fig. 23.

[0051] Fig. 26 is a perspective view of an alternative battery module including the elliptical

cells.

[0052] Figs. 27A-27C illustrate alternative cell housing shapes.

DETAILED DESCRIPTION

[0053] Referring to Figs. 1-8, an electrochemical cell 10, for example a lithium-ion
electrochemical cell, is provided that has an elliptical peripheral shape and recess 22 formed
in one end to facilitate nested stacking of multiple cells 10, as discussed further below. The
cell 10 includes a cell housing 11 that receives and cooperates with a jelly roll-type electrode
assembly 24 to form a power generation and storage unit. The cell housing 11 includes an
electrically conductive container 40, an electrically conductive cell cover 12 configured to
close an open end of the container 40, and an electrically insulating gasket 38 disposed
between the container 40 and the cell cover 10. In addition, an electrolyte is disposed in the
container 40 along with the jelly roll electrode assembly 24, and sealed therein via the cell

cover 12 and gasket 38.

[0054] The container 40 is a generally cup-shaped member that includes a bottom 42, and a
sidewall 50 connected to, and surrounding, a periphery of the bottom 42. The peripheral edge
48 of the bottom is formed having an elliptical shape that defines a major axis A1 and a minor
axis A2 perpendicular to the major axis. The sidewall 50 extends normal to the bottom 42,
and has a free end 52 spaced apart from the bottom 42. The sidewall 50 is rolled outward at
the free end 52 to form a flange 54 that extends generally parallel to the bottom 42. The

flange 54 is used to facilitate a connection with the cell cover 12, as discussed futher below.

9
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The bottom 42 includes a series of concentric circumferentially-extending ridges 43 that

provide structural reinforcement.

[0055] The cell cover 12 is a generally plate-shaped member having the same profile and
dimensions as the container bottom 42. Thus, in the illustrated embodiment, the cell cover
peripheral edge 14 has an elliptical shape. The peripheral edge 14 includes a lip 16 that
protrudes in direction toward the container 40. The lip 16 is used to connect the cell cover 12

to the container sidewall 50, as discussed below.

[0056] The cell cover 12 includes a series of concentric circumferentially-extending ridges 23
that provide structural reinforcement. In addition, in some embodiments, the ridges 23
facilitate interconnection between adjacent cells 10, 10° when multiple cells are arranged
longitudinally in a stack. For example, the ridges 23 of the cell cover 12 of one cell interact
with the ridges 43 of the bottom 42 the adjacent cell 10° to reduce relative lateral movement
between the adjacent cells 10, 10°, thus reducing fretting of the cell housing 11 as well as

NVH.

[0057] The cell cover 12 includes vents 20 to permit gas and pressure release of cell contents
in the event of cell malfunction. The vents 20 are formed by providing localized weakened
areas in the cell cover 12, for example by providing a localized pattern of small perforations
or scoring as shown in Fig. 7 or Fig. 8. Although the vents 20 are illustrated as being formed
in the cell cover 12, the vents are not limited to this location. For example, alternatively or

additionally, vents may be formed in the bottom 42 and/or sidewall 50.

[0058] Referring to Figs. 4A-4C, the cell cover 12 is connected to the sidewall free end 52 so
as to form a hermetic seal with the container 40. This is achieved by a crimping process in
which the cell cover 12 is placed over the open end of the sidewall 50 with the gasket 38
disposed between the sidewall flange 54 and the cell cover peripheral edge 14 and lip 16, and
then the lip 16 is crimped (e.g., folded and compressed) around the sidewall flange 54. The
gasket 38 is compressedly fixed between the cell cover 12 and the sidewall 50 by the
crimping process to form a hermetic seal therebetween. In addition, the gasket 38 electrically
isolates the cell cover 12 from the container 40. To this end, the gasket is formed, for
example, of nitrile butdiene rubber (NBR), ethylene propylene diene mnomer (EPDM),
polytetrafluoroethylene (PTFE) or other suitable polymer.

[0059] When the cover 12 is connected to the sidewall 50, a rim 21, resulting from folding

and compressing together the cell cover lip 16 and sidewall flange 54, surrounds the cell
10
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cover peripheral edge 14. The rim 21 provides a recess 22 in the cell cover 12 that conforms
to the size and shape of the bottom 42 of the cell 10. The configuration of the cell cover 12
including the rim 21 and recess 22 provides several advantagous features: The recess 22
facilitates longitudinal stacking of multiple cells 10, where the cell (and cell stack)
longitudinal axis € is perpendicular to both the major axis Al and the minor axis A2. In
particular, the recess 22 is shaped and dimensioned to receive the bottom 42° of another
electrochemical cell 10’ in a fitted (e.g., small clearance) manner. In addition, due to the
elliptical shape of the bottom 42 and cell cover 12, the rim 21 prevents adjacent cells 10, 10°
of a stack of cells from relative rotation about the longitudinal axis {. Still further, by
providing the rim 21, the contact surface area (e.g. surface area available to form an electrical
connection) between the cell cover 12 of one cell 10 and the bottom 42 of an adjacent cell 10°

is increased relative to cell covers formed without a rim 21.

[0060] Referring to Figs. 3 and 9-11, the electrically conductive jelly roll assembly 24 is
disposed in the cell housing 11 between the container 40 and the cell cover 12. The jelly roll
assembly 24 is a wound spiral electrode set that includes at least one positive electrode 26, at
least one negative electode 28, a first electrically insulative separator 30 disposed between the
positive and negative electrodes 26, 28, a second electrically insulative separator 32 disposed
on the side of the positive electrode 26 opposed to the first separator 30, and a third
electrically insulative separator 34 disposed on the side of the negative electrode opposed to

the first separator 30.

[0061] The electrodes 26, 28 and separators 30, 32, 34 are elongate strips of material that are
stacked and then wound about an elliptically shaped mandrel 60 (Fig. 10) to form the
elliptically shaped jelly roll assembly 24. As used herein, the term ‘strip‘ refers to a geometry
that includes a height that is large (e.g., on the order of 1000 x) relative to the thickness, and a
length that is large (e.g., on the order of 1000 x) relative to the height h2. For example, in
some applications, the electrodes 26, 28 may have a thickness of 0.03 mm, a height h2 of 33

mm and a length of 45 m.

[0062] The positive and negative electrodes 26, 28 may have a layered structure to facilitate
insertion and/or movement of lithium-ions. In the illustrated embodiment, the positive
electrode 26 is formed of copper with a graphite coating, and the negative electrode 28 is

formed of aluminum with a lithiated metal oxide coating. The separators 30, 32, 34 are

11
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formed of an electrically insulating material such as a trilayer polypropylene-polyethyerlene-

polypropylene membrane manufactured by Celgard LLC of Charlotte, North Carolina, USA.

[0063] The distance between the cell cover 12 and the container bottom 42 defines a container
height h1. The length of the major axis Al defines a cell maximum length Limax, and the
length of the minor axis A2 defines a cell minimum length Limin. In the illustrated
embodiment, the ratio Rimaximin of the length Limax of the major axis A1 to the length L of

the minor axis is in a range of 1.25 to 1.6, but the ratio Rimaximin is not limited to this range.

[0064] It has been determined that heat is transferred through the cell 10 in a direction parallel
to the electrode winding axis. This is due at least in part to the orientation of the thermally
and electrically insulative separators 30, 32, 34 that are used to separate the positive and
negative electrodes 26, 28 disposed within the cell housing 11. In cells having a jelly roll
electrode configuration, the separators 30, 32, 34 may tend to direct heat in a direction parallel
to the winding axis which generally corresponds to the cell height direction. Computer
simulations of the thermal performance of cells of various housing shapes indicate that
providing the cell with a low aspect ratio is thermally advantageous. In some embodiments,
the elliptical cell 10 is a low profile cell in that it has a low aspect ratio in order to provide
improved heat rejection capabilities, where the aspect ratio refers to the ratio Ruyimax of cell
height h to cell maximum diameter lmax. For example, the elliptical cell may have a cell
height h that is less than the cell maximum diameter lmax (€.g., the diameter of the major axis
Al). In some embodiments, the ratio Ruimax is in a range of 0.17 to 0.25. However, the ratio
Ru/Lmax 1s not limited to this range. In other embodiments, the ratio Ruimax 1s minimized while
taking into account factors such as cell output and/or storage requirements and manufacturing

practicalities.

[0065] The electrodes 26, 28 and separators 30, 32, 34 each have a first long edge 26a, 28a,
30a, 32a, 34a, an opposed second long edge 26b, 28b, 30b, 32b, 34b, and a height h that
corresponds to the distance between the first long edge and the second long edge. The height
h2 of the electrodes 26, 28 is less than the height h3 of the separators 30, 32, 34. In addition,
the height h2 of the electrodes 26, 28 and the height h3 of the separators 30, 32, 34 are greater
than the height h4 of the mandrel 60. In the illustrated embodiment, the electrode height h2 is
33 mm, the separator height is 34 mm, and the mandrel height h4 is 30 mm. Of course, the

respective dimensions and proportions of the illustrated embodiment are exemplary, and
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actual dimensions and proportions will be determined by the requirements of the specific

application.

[0066] Referring to Fig. 9, before winding, the elongate strips that form the electrodes 26, 28
and separators 30, 32, 34 are arranged in a layered or stacked configuration in the thickness
direction. In the stacked configuration, the positive and negative electrodes 26, 28 are
partially offset in the height direction relative to the respective separators 30, 32, 34. In
particular, using the mandrel 60 as a reference position, the positive electrode 26 is arranged
to overlie the mandrel 60 such that the second long edge 26b is aligned with a second long
edge 60b of the mandrel 60. Due to the relative height differences between the mandrel 60
and the positive electrode 26, the postive electrode first long edge 26a is outwardly spaced
apart from a first long edge 60a of the mandrel 60. The negative electrode 28 is arranged to
overlie the mandrel 60 such that the first long edge 28a is aligned with the mandrel first long
edge 60a. Due to the relative height differences between the mandrel 60 and the negative
electrode 28, the negative electrode second long edge 28b is outwardly spaced apart from the
mandrel second long edge 60b. The separators 30, 32, 34 are arranged to overlie the mandrel
60 such that a midline in the height direction of the separators 30, 32, 34 is aligned with a
midline in the height direction of the mandrel 60. Due to the relative height differences
between the mandrel 60 and the separators 30, 32, 34, the first long edges 30a, 32a, 34a and
the second long edges 30b, 32b, 34b of the separators 30, 32, 34 are outwardly spaced apart
from the respective mandrel first and second long edges 60a, 60b. In addition, due to the
relative height differences between the positive electrode 26 and the separators 30, 32, 34, and
the relative offset of the positive electrode 26 toward a first long edge-side of the mandrel 60,
the positive electrode first long edge 26a is outwardly spaced apart from the separator first
long edges 30a, 32a, 34a, and the positive electrode second long edge 26b is inwardly spaced
apart from the separator second long edges 30b, 32b, 34b. Similarly, due to the relative
height differences between the negative electrode 28 and the separators 30, 32, 34, and the
relative offset of the negative electrode 28 toward a second long edge-side of the mandrel 60,
the negative electrode first long edge 28a is inwardly spaced apart from the separator first
long edges 30a, 32a, 34a, and the negative electrode second long edge 28b is outwardly
spaced apart from the separator second long edges 30b, 32b, 34b.

[0067] Thus, when the electrode set is in the stacked configuration, the positive electrode first
long edge 26a protrudes outwardly relative to the separator first long edges 30a, 32a, 34a, and

the negative electrod second long edge 28b protrudes outwardly relative to the separator
13



WO 2016/202556 PCT/EP2016/062025

second long edges 30b, 32b, 34b. The protruding portions (e.g., positive electrode first long
edge 26a and negative electrode second long edge 28b) of the positive and negative electrodes
26, 28 provide exposed (bare) electrode surfaces which are used to form electrical contacts
with the container 40 and cell cover 12 that form the cell housing 11. This feature is still
evident when the stacked electrode set is wound around the elliptical mandrel to form the

multi-turn, elliptically-shaped, wound jelly roll assembly 24 (Fig. 11).

[0068] Referring again to Fig. 3, the jelly roll assembly is electrically connected to the cell
housing 11. In particular, one end of a first electrically conductive lead 70 is welded, for
example via resistive welding, to the positive electrode first long edge 26a, and the opposed
end of the first electrically conductive lead 70 is welded to an inner surface of the cell cover
12, whereby an electrical connection is provided between the positive electrode 26 and the
cell cover 12. Similarly, one end of a second electrically conductive lead 72 is welded to the
negative electrode second long edge 28b, and the opposed end of the second electrically
conductive lead 72 is welded to an inner surface of the container bottom 42, whereby an

electrical connection is provided between the negative electrode 28 and the container 40.

[0069] Before use, the cell housing 11 is filled with a liquid electrolyte, which seeps into and
occupies the pores within the electrodes 26, 28 and separators 30, 32, 34. Some cells employ
a gel electrolyte, which is impregnated into the electrodes and separator before cell assembly.
These lithium polymer cells operate on the same principles as their liquid electrolyte Li-ion

counterparts.

[0070] Referring to Figs. 12 and 13, an alternative elliptical cell 110 is substantially similar to
the cell 10 described above with respect to Figs. 1-11, whereby common reference numbers
are used to refer to common elements, and the description of common elements will not be
repeated. The elliptical cell 110 differs from the previous embodiment in the way the jelly
roll assembly is electrically connected to the cell housing 11. In particular, the cell 110 omits
the electrically conductive leads 70, 72, and instead uses a first current collector 80 disposed
between positive electrode 26 and the cell cover 12 to electrically connect the jelly roll
assembly 24 to the cell cover 12, and a second current collector 82 disposed between the
negative electrode 28 and the containter bottom 42 to electrically connect the jelly roll
assembly 24 to the container 40. The first and second current collectors 80, 82 are identical in

shape and size, so only the first current collector 80 will be described.
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[0071] The first current collector 80 is a thin, flat plate having an elliptical peripheral shape
that generally corresponds to the peripheral shape of the jelly roll assembly 24 and container
bottom 42. The first current collector 80 is dimensioned to have a major axis and minor axis
length that is slightly shorter than the length of the major axis Al and minor axis A2 of the
container bottom 42, whereby there is no electrical conduction between a peripheral edge 85
of the first current collector 80 and the container sidewall 50. To ensure that there is no
electrical conduction between the first current collector peripheral edge 85 and the container
sidewall 50, an inner portion 38a of the gasket 38 is protrudes inward to locate the first
current collector 80 at a spaced-apart location relative to the container sidewall 50, and
provide elecrical insulation between the first current collector peripheral edge 85 and the

container sidewall 50.

[0072] The first current collector 80 includes an elongated central slot 86 that passes through
the plate thickness and extends in parallel to the major axis. In addition, the first current
collector 80 includes several elongated radial slots 87 disposed between the central slot 86
and the peripheral edge 85. The radial slots §7 extend in a radial direction and are

equidstantly spaced about the circumference of the central slot 86.

[0073] The first current collector 80 is formed of the same material as the electrode to which
it will be connected. In the illustrated embodiment, since the first current collector 80 will be

connected to the positive electrode 26, it is formed of copper.

[0074] The first current collector 80 is connected to the exposed (bare portions) of the
positive electrode 26 by welding. This can be accomplished in various ways. In some
embodiments, the electrical connection between the first current collector 80 and the bare first
long edges 26a of the positive electrode 26 is accomplished via the radial slots 87. In
particular, portions of the bare first long edges 26a of the positive electrode 26 are passed
through the radial slots. Portions of the positive electrode that have passed through the radial
slots 87 are welded to the current collector. For example, in some embodiments, the portions
of the positive electrode that have passed through the radial slots 87 are folded over to overlie
the collector outer surface (e.g., the collector surface facing the cell cover 12), and then are
welded to this surface. In other embodiments, the portions of the positive electrode that have
passed through the radial slots 87 are welded to the inner surface of the radial slots 87. In still
other embodiments, the bare first long edges 26a of the positive electrode 26 are not passed

through the radial slots. Instead, the first current collector 80 rests on the positive electrode
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first long edges 26a, and weld spots or lines (for example via induction welding) are
performed along the first current collector surface between the radial slots 87. Similar welds
are provided along the container bottom 42 to weld the negative electrode second long edges
28 directly to the container bottom 42. Regardless of the specifics of the welding process, it
can be performed in a statistical manner so that even if some portions of the the bare first long
edges 26a of the positive electrode 26 are not connected, sufficient weld area is achieved to
form the required electrical connection between the first current collector 80 and the positive

electrode 26.

[0075] The second current collector 82 is also formed of the same material as the electrode to
which it will be connected. In the illustrated embodiment, since the second current collector
82 will be connected to the negative electrode 28, it is formed of aluminum. In addition, the
second current collector 82 is connected to the exposed (bare portions) of the negative

electrode 28 by welding, as discussed above with respect to the first current collector 80.

[0076] In some embodiments, the cell housing 11 is dimensioned so that when the cell 110 is
assembled, the first current collector 80 is urged in the longitudinal direction of the cell
against the cell lid 12 via the jelly roll assembly 24, whereby an electrical connection is
provided between the positive electrode 26 and the cell cover 12. Similarly, the second
current collector 82 is urged in the longitudinal direction of the cell against the container
bottom 42 via the the jelly roll assembly 24, whereby an electrical connection is formed

between the second electrode 28 and the container 40.

[0077] Referring to Fig. 19, in other embodiments, the first and second current collectors 80,
82 (note an alternative embodiment current collector 480, described below, is shown in Fig.
19) include a spring ribbon 90 disposed between each of the first and second current
collectors 80, 82 and the cell housing 11 to ensure a positve electrical connection with the cell
housing 11. The spring ribbon 90 is an elongated, elastic, electrically-conductive member
having a first end 92 and an opposed second end 94 that is wide relative to the first end 92.
The spring ribbon 90 has a bend 96 between the first and second ends 92, 94, whereby the
first end 92 is not coplanar with the second end 94. In use, the widened second end 94 is
welded to an outward facing (e.g., cell housing-facing) surface of the current collector 80, 82.
The first end 92 remains free and is spaced apart from the outward facing surface of the
current collector 80, 82 due the presence of the bend 96. When the cell 110 is assembled, the

first end 92 of the spring ribbon 90 abuts the cell housing 11 while resiliently deflecting
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toward the current collector 80, 90 to accommodate space requirements within the cell
housing 11. Thus, the resilient force of the spring ribbon 90 causes the first end 92 to remain
in contact with the cell housing 11, whereby an electrical connection is provided between the
respective electrode 26, 28 and the cell housing 11 via the current collectors 80, 82 and spring

ribbons 90.

[0078] Referring to Fig. 20, in still other embodiments, the conductive wires 70, 72, the
current collectors 80, 82 and/or the spring ribbons 90 are omitted from the cell housing 11,
and the positive electrode is directly welded to the cell cover 12 and the negative electrode is
directly welded to the container bottom 42. For example, cell cover 12 rests on the positive
electrode first long edges 26a, and weld spots or lines (for example via induction welding) are
performed along the cell cover outer surface. Similar welds are provided along the container
bottom 42 to weld the negative electrode second long edges 28 directly to the container
bottom 42. Although a pair of circumferential weld lines are illustrated in Fig. 20, the
welding amount and pattern are not limited to this embodiment shown. Regardless of the
specifics of the welding process, it can be performed in a statistical manner so that even if
some portions of the the bare first long edges of the respective electrode 26, 28 are not
connected to the cell housing 11, sufficient weld area is achieved to form the required

electrical connection between the respective electrode 26, 28 and the cell housing 11.

[0079] Referring to Fig. 14, another alternative elliptical cell 210 is substantially similar to
the cells 10, 110 described above with respect to Figs. 1-13, whereby common reference
numbers are used to refer to common elements, and the description of common elements will
not be repeated. The elliptical cell 210 differs from the previous embodiments in that it
includes an alternative embodiment first current collector 280 disposed between positive
electrode 26 and the cell cover 12 to electrically connect the jelly roll assembly 24 to the cell
cover 12, and an alternative second current collector 282 disposed between the negative
electrode 28 and the containter bottom 42 to electrically connect the jelly roll assembly 24 to
the container 40. The first and second current collectors 280, 282 are identical in shape and

size, so only the first current collector 280 will be described.

[0080] The first current collector 280 is a thin, flat plate having an elliptical peripheral shape
that generally corresponds to the peipheral shape of the jelly roll assembly 24 and container
bottom 42. Like the current collector shown in Figs. 12 and 13, the first current collector 280

is dimensioned to have a major axis and minor axis length that is slightly shorter than the
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length of the major axis Al and minor axis A2 of the container bottom 42, whereby there is
no electrical conduction between a peripheral edge 285 of the first current collector 280 and

the container sidewall 50.

[0081] The first current collector 280 includes four, generally sector-shaped cut outs 287 that
pass through the plate thickness. The cut outs 287 are disposed between the major and minor
axes, whereby a cross-shaped plate portion 288 extends between the cut outs 287. The cut
outs 287 are dimensioned so that approximately 50 percent of the area the first current
collector 280 is open. The relatively large open area advantageously facilitates welding since
a large area of the bare long edges 26a, 28b of the respective electrode 26, 28 is permitted to

extend therein, facilitating the folding and welding connection operations.

[0082] The first and second current collectors 280, 282 are each formed of the same material
as the electrode to which it will be connected. In some embodiments, the first and second
current collectors 280, 282 are connected to the cell housing 11 via spring ribbons 90 (not

shown).

[0083] Referring to Fig. 15, another alternative elliptical cell 310 is substantially similar to
the cells 10, 110 described above with respect to Figs. 1-13, whereby common reference
numbers are used to refer to common elements, and the description of common elements will
not be repeated. The elliptical cell 310 differs from the previous embodiments in that it
includes an alternative embodiment first current collector 380 disposed between positive
electrode 26 and the cell cover 12 to electrically connect the jelly roll assembly 24 to the cell
cover 12, and an alternative second current collector 382 disposed between the negative
electrode 28 and the containter bottom 42 to electrically connect the jelly roll assembly 24 to
the container 40. The first and second current collectors 380, 382 are identical in shape and

size, so only the first current collector 380 will be described.

[0084] The first current collector 380 is a thin, flat plate having an elliptical peripheral shape
that generally corresponds to the peripheral shape of the jelly roll assembly 24 and container
bottom 42. Like the current collector 80 shown in Figs. 12 and 13, the first current collector
380 is dimensioned to have a major axis and minor axis length that is slightly shorter than the
length of the major axis Al and minor axis A2 of the container bottom 42, whereby there is
no electrical conduction between a peripheral edge 385 of the first current collector 380 and

the container sidewall 50.
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[0085] The first current collector 380 includes an elongated central slot 386 that passes
through the plate thickness and extends in parallel to the major axis. In addition, the first
current collector 380 includes several several sets of apertures 387 aligned along respective
radii so as to provide elongated discontinous radial slots 388 disposed between the central slot
386 and the peripheral edge 385. The aligned sets of apertures 387 extend in a radial

direction and are equidstantly spaced about the circumference of the central slot 386.

[0086] The first and second current collectors 380, 382 are each formed of the same material
as the electrode to which it will be connected. In some embodiments, the first and second
current collectors 380, 382 are connected to the cell housing 11 via spring ribbons 90 (not

shown).

[0087] In addition to the first and second current collectors 380, 382, elliptical cell 310 differs
from the previous embodiments in that it includes an alternative embodiment cell cover 312.
The cell cover 312 illustrated in Fig. 15 differs from the cell cover 12 illustrated in Figs. 1-11
in that the cell cover 312 includes a series of radially-extending ridges 323 that provide
structural reinforcement and facilitate interconnection between adjacent cells 310, 310° when
multiple cells are arranged longitudinally in a stack. The ridges 323 of one cell interact with
the corresponding ridges of the adjacent cell 10° to reduce relative lateral movement between

the cells, thus reducing fretting of the cell housing 11 as well as NVH.

[0088] Referring to Figs. 16-18, other alternative current collectors 480, 580, 680 are
contemplated. For example, in some embodiments, a current collector 480 (Fig. 16) includes
an elongated central slot 486 that passes through the plate thickness and extends in parallel to
the major axis. In addition, the current collector 480 includes several circumferentially-
extending slots 487 concentric with the central slot 486 and supported by radially extending
ribs 488 so as to provide elongated discontinous circumferential slots 487 disposed between

the central slot 486 and the peripheral edge 485.

[0089] Another embodiment current collector 580 (Fig. 17) is similar to that shown in Fig. 16,
and further includes additional, relatively short length circumferentially-extending slots 489
adjacent the major and minor axes, and between the outer most slots 487 and the peripheral

edge 485.

[0090] Still another embodiment current collector 680 (Fig. 18) is similar to that shown in
Fig. 14, since it includes generally sector-shaped cut outs 687 that pass through the plate

thickness. The cut outs 687 are disposed between the major and minor axes, whereby a cross-
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shaped plate portion 688a extends between the cut outs 687. Additional plate portions 688b
that extend between the major axis and the periphery are also included to provide additional
support. Although there are additional plate portions 688b relative to the embodiment showin
in Fig. 14, the plate portions 688a, 688b are relatively smaller in area, so that approximately

50 percent or more of the area the current collector 680 is open.

[0091] A battery module 100 will now be described that provides an electrical system. The
battery module 100 includes elliptical cells 10 arranged such that the cells 10 are serially
electrically connected, the arrangement providing a compact battery system that maximizes

the energy (KWh) with respect to weight and volume of the entire battery system.

[0092] Referring to Fig. 21, within the battery module 100, multiple cells 10 are stacked
along the cell longitudinal axis £ such that the recess 22 of the cell cover 12 of one cell 10
receives, supports, and forms an electrical connection with the bottom 42’ of an adjacent cell
10°. This arrangement, referred to as a cell stack 120, provides a series of cells 10 that are
serially electrically connected. Due to the presence of the rim 21 that defines the recess,
relative lateral movement between adjacent cells 10, 10° is minimal. In addition, due to the
elliptical shape of the recess 22, relative rotations between adjacent cells 10, 10” about the
longitudinal axis is minimal. These features provide a stable electrical connection between

adjacent cells 10, 10° and prevents fretting of the cell housing 11.

[0093] Referring to Figs. 23-25, in addition to the cells 10, the battery module 100 includes a
module housing 102, a cell supporting element 114 disposed in the module housing 102 to
support the cells 10 within the module housing 102, and electronics supporting elements 115
disposed in the module housing 102 to support sensors, electronic control devices and

electrical conductors relative to the cells 10.

[0094] The module housing 102 includes a generally rectangular module housing base 106
that defines a rectangular module housing bottom 108 and module housing sidewalls 110 that
surround the module housing bottom 108. The module housing 102 also includes a module
cover 104 that is sized and dimensioned to close the open end of the module housing base
106. The module cover 104 may be releasably secured to the module housing base 106 by

any conventional method.

[0095] The cell supporting element 114 rests on the module housing bottom 108 and provides
elongated channels 114a having semi- (or nearly semi-) elliptical profiles. The cell

supporting element 114 includes several channels 114a arranged in parallel, and each channel
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114a is sized and dimensioned to receive and support one of the cell stacks 120. To provide a
minimum height battery module 100, the semi-elliptical channels 114a are configured such
that the width of the channel 114a corresponds to, at most, the length of the major axis Al of
a cell 10, and the depth of the channel 114a corresponds to, at most, one half the length of the
minor axis A2 of acell 10. As a result, the cell stack 120 is supported within the cell
supporting element 114 so that the minor axis A2 of each cell 10 is oriented in the height
direction of the battery module 100 and the major axis Al of each cell is oriented in parallel

to the module housing bottom 108.

[0096] A V-shaped vacancy 117 is formed between adjacent channels 114a that extends
between, and along the length of, each cell stack 120. The V-shaped vacancy 117 is used to
permit cooling air to circulate through the module housing 102, as shown by the arrows in

Fig. 24.

[0097] The electronics supporting elements 115 reside between the cell stacks 120 and the
module housing cover 104. Each of the electronics supporting elements 115 may be in the

form of a flexible foil sheet formed to have a curved profile when seen in edge view.

[0098] The curved profile of the electronics supporting element 115 is achieved by forming a
fold line 115d along a longitudinally-extending midline of the foil sheet. One side of the fold
line provides a first sheet portion 115a that overlies a portion of the cells 10 of a first cell
stack 120, and the other side of the fold line provides a second sheet portion 115b that
overlies a portion of the cells 10 of an adjacent cell stack 120°. The first sheet portion 115a
and the second sheet portion 115b each have a curved shape that conforms the shape of the
portion of the cells 10 of the respective cell stack 120, 120°. In the illustrated embodiment,
the curved shape correponds to the shape of a quadrant of an ellipse. In addition, the foil
sheet includes an intermediate portion 115c¢ that includes the fold line 115d and that joins the
first sheet portion 115a to the second sheet portion 115b. The intermediate portion 115¢
defines an elongated V-shaped channel that extends parallel to the longitudinal axis of the cell
stack 120. The V-shaped channel provides additional space for supporting electrical
conductors 116 and/or power electronics devices for controlling and monitoring the cells 10

and the module 100 as a whole.

[0099] The electronics supporting element 115 supports electrical conductors 116 in multiple
ways. For example, the electrical conductors 116 may be formed separately from the foil

sheet and then secured thereto. Alternatively, the electrical conductors 116, or additional
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electrical conductors (not shown) may be formed integrally with the foil sheet such as by
printing an electrically conductive pattern on the foil sheet. The electronics supporting
element 115 also supports sensors (not shown) and one or more electronic control devices
(not shown). For example, the electronics supporting element 115 may position sensors
adjacent each cell and provide the electrical connections between the cells 10 and/or the
sensors and the electronic control devices. Thus, the cell sensors are arranged to detect
properties of one or more of the cells, and the electrically conductuctive paths connect the cell
sensors to an electronics control device that monitors an output of the cell sensors. In some
embodiments, the electronics supporting element 115 may provide the serial connection
between adjacent cell stacks 120, 120°. For example, in some embodiments, an electrically
conductive path of the electronics supporting element electrically connects an outer-most cell
of one cell stack 120 to an outer-most cell of the adjacent cell stack 120° whereby the one cell

stack 120 is serially connected to the adjacent cell stack 120°.

[00100] Referring to Fig. 26 an alternative module housing 802 includes a module
housing base 806 and a a module housing cover 8§04 that are substantially similar in shape and
dimension. The module housing base and cover 806, 804 are molded elements that each
include elongated channels 8§14 having semi- (or nearly semi-) elliptical profiles. The
channels 814 are arranged in parallel, and each channel 814 is sized and dimensioned to
receive and support one of the cell stacks 120. To provide a minimum height battery module
800, the semi-elliptical channels 814 are configured such that the width of the channel 8§14
corresponds to, at most, the length of the major axis Al of a cell 10, and the depth of the
channel 8§14 corresponds to, at most, one half the length of the minor axis A2 of a cell 10. As
a result, the cell stack 120 is supported within the module housing 802 so that the minor axis
A2 of each cell 10 is oriented in the height direction of the battery module 800 and the major
axis Al of each cell is oriented in parallel to the module housing base 806. The alternative
module housing may include the electronics supporting elements 115 disposed in the module
housing 802 to support sensors, electronic control devices and electrical conductors relative to
the cells 10. The module cover 804 may be releasably secured to the module housing base

806 by any conventional method.

[00101] Referring to Figs. 27A-27C, although the cells 10 are described herein as
having an elliptically-shaped cell housing 11, the cell housings 11 are not limited to an
elliptical shape. For example, in some embodiments, the cell housings 1100 have a race-track

shape that includes a pair of opposed flat sides 1102 joined by rounded ends 1104 (Fig. 27A).
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In another example, the cells housings 2100 have a rectangular shape (Fig. 27B). In still
another example, the cell housings 3100 have a circular shape (27C). However, regardless of
the peripheral shape, each of the cells 10, 1100, 2100, 3100 have a recess formed in one end
that is shaped and dimensioned to receive an end of an adjacent cell 10°, 1100°, 2100°, 3100°.
As described above with respect to the cell 10, the recess 22 defines a rim 21 that provides
structural reinforcement, facilitates mechanical and electrical interconnection between
adjacent cells 10, 10 when multiple cells are arranged longitudinally in a cell stack 120, and

provides lateral and rotational stability to a cell stack 120.

[00102] Although the container 40 is described herein as including the sidewall 50 that
extends normal to the bottom 42, the container 40 may alternatively include a sidewall that is
inclined relative to the bottom 42 at an angle greater or less than 90 degrees. In some

embodiments, the sidewall has a uniform thickness. In other embodiments, the inclination of

the sidewall may be a result of providing the sidewall with a non-uniform thickness.

[00103] Athough the electrode set of the jelly roll is described herein as being formed
of a coated copper and aluminum strips, other materials may be used to accommodate the

requirements of the specific application.

[00104] Although the jelly rolly assembly 24 is described as disposed within the cell
housing 11 with the positive electrode 26 adjacent the cell cover 12 and the negative electrode
28 adjacent the container bottom 42, with the positive electrode 26 electrically connected to
the cell cover 12 and the negative electrode 28 electrically connected to the container bottom
42, the cell 10 is not limited to this configuration. For example, the jelly roll 24 may be
disposed within the cell housing 11 with the positive electrode 26 adjacent the container
bottom 42 and the negative electrode 28 adjacent the cell cover 12, with the positive electrode
26 electrically connected to the container bottom 42 and the negative electrode 28 electrically

connected to the cell cover 12.

[00105] In the illustrated embodiment, the container 40 and the cell cover 12 are
formed of metal to provide them with the required electrically conductive properties.
However, in some embodiments the container 40 and cell cover 12 may be formed of a non-
conductive material, and then appropriately coated, plated, or printed with conductive circuits,

to provide the required electrically conductive properties.

[00106] Although in the illustrated embodiment, the cell cover 12 is hermetically

connected to the container sidewall 50 via a crimping process, it is conceived that the cell
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cover 12 can be hermetically connected to the container sidewall by other methods, such as
welding. It is desirable that the method used to connect the cell cover 12 to the container
sidewall 50 results in formation of protrusion along the cell cover peripheral edge 14, which

in turn results in formation of the recess 22 in the cell cover outer surface 18.

[00107] The battery module 100 is described herein as providing an electrical system

that includes a serially electrically connected arrangement of cells 10. However, the battery
module is not limited to providing a serial connection arrangement. In particular, alternative
cell arrangements can be used, including a parallel connection arrangement or a mixed serial

and parallel connection arrangement.

[00108] Referring to Fig. 22, although the cell stack 120 has been described herein as
including a longitudinally stacked and nested arrangement of cells 10, the cell stack is not
limited to a nested arrangement. For example, an alternative embodiment cell stack 220
includes cells that are longitudinally spaced apart. In this alternative arrangement, the
individual cells 10 of the cell stack 220 are serially connected using electrically conductive

elements (not shown) that extend between respective cell housing 11 portions.

[00109] Selective illustrative embodiments of the system and device are described
above in some detail. It should be understood that only structures considered necessary for
clarifying the system and device have been described herein. Other conventional structures,
and those of ancillary and auxiliary components of the system and device, are assumed to be
known and understood by those skilled in the art. Moreover, while a working example of the
system and device have been described above, the system and device are not limited to the
working examples described above, but various design alterations may be carried out without

departing from the system and device as set forth in the claims.
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What is claimed, is

1. A battery module comprising electrochemical cells, wherein each electrochemical cell

includes

an electrically-conductive cell housing having a container portion having an open end,
and a cell cover portion that is secured to the container portion in such a way as to

close the open end;

an electrically isolating member disposed between the cell cover portion and the

container portion; and

an electrically-conductive jelly roll disposed in the cell housing, the jelly roll arranged
such that a first electrode of the jelly roll is electrically connected to the container
portion, and second electrode of the jelly roll is electrically connected to the cell cover

portion,
and wherein

a first end of the cell housing of one of the electrochemical cells defines a recess
configured to receive a second end of the cell housing of an adjacent one of the

electrochemical cells, and

the second end of the cell housing of the adjacent one of the electrochemical cells is
received within the recess of the cell housing of the one of the electrochemical cells
whereby the housings of the one of the electrochemical cells and the adjacent one of

the electrochemical cells

a) fit within each other in a nested arrangement in which the respective cell housings

are stacked end to end, and

b) form an electrical connection.

2. The battery module of claim 1, wherein the recess is formed in the cell cover portion.

3. The battery module of claim 1, wherein in the recess conforms to the size and shape of the

second end of the cell housing.
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4. The battery module of claim 1, wherein the container portion includes a closed end spaced
apart from the cell cover, and the closed end and the cell cover each have an elliptical

peripheral shape.

5. The battery module of claim 1, further comprising a module base configured to support a

stack of electrochemical cells, wherein

the electrochemical cells have an elliptical shape that defines a major axis and a minor

axis,

the electrochemical cells are arranged within the module base such that the major axis

of each cell is parallel to a bottom support surface of the module base.

6. The battery module of claim 5, wherein the module base supports a first stack of
electrochemical cells and a second stack of electrochemical cells arranged within the module
base such that the major axis of each cell is parallel to a bottom support surface of the module
base, and the first stack of electrochemical cells is parallel to the second stack of

electrochemical cells.

7. The battery module of claim 6, further comprising a flex sheet including a first portion that
overlies a portion of the cells of the first stack and a second portion that overlies a portion of

the cells of the second stack, the first portion and the second portion comprising

a curved shape that conforms the shape of the portion of the cells of the respective

stack.

8. The battery module of claim 6, further comprising a flex sheet including a first portion that
overlies a portion of the cells of the first stack and a second portion that overlies a portion of

the cells of the second stack, the first portion and the second portion comprising

a curved shape that conforms the shape of the portion of the cells of the respective

stack, and
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an electrically conductive path that electrically connects an outer-most cell of the first
stack to an outer-most cell of the second stack whereby the first stack is serially connected to

the second stack.

9. The battery module of claim 6, further comprising a flex sheet including a first portion that
overlies a portion of the cells of the first stack and a second portion that overlies a portion of

the cells of the second stack, the first portion and the second portion comprising

a curved shape that conforms the shape of the portion of the cells of the respective

stack,
cell sensors arranged to detect properties of the cells, and

electrically conductuctive paths that connect the cell sensors to a control unit that

monitors an output of the cell sensors.

10. The battery module of claim 6, further comprising a flex sheet including

a first portion defining a first cuved portion that overlies a portion of the cells of the

first stack and conforms the shape of the portion of the cells of the first stack,

a second portion defining a second curved portion that overlies a portion of the cells of

the second stack and conforms the shape of the portion of the cells of the first stack, and

an intermediate portion that joins the first portion to the second portion, the
intermediate portion defining an elonated V-shaped channel that extends parallel to the first

stack.

11. An electrochemical cell comprising:
an electrically-conductive container including
a bottom, and
a sidewall connected to, and surrounding a periphery of, the bottom, the

sidewall extending at an angle from the bottom;

27



WO 2016/202556 PCT/EP2016/062025

an electrically-conductive cell cover, the cell cover configured to close an open end of

the container;
an insulating gasket disposed between the container and the cell cover; and

an electrically-conductive jelly roll disposed in the container, a first electrode of the
jelly roll electrically connected to the container and a second electrode of the jelly roll

electrically connected to the cell cover,
wherein

one of the bottom and the cell cover is formed having a recess, the recess configured to

receive the other of the bottom and the cell cover of another electrochemical cell, and

conform to the shape and size of the other of the bottom and the cell cover of the
another electrochemical cell to form a cell stack in which the electrochemical cells of

the stack
a) fit within each other in a nested arrangement, and

b) form an electrical connection.

12. The electrochemical cell of claim 11, wherein the cell cover is formed having a recess,
the recess configured to receive the bottom of the another electrochemical cell and to conform

to the size and shape of the bottom of the another electrochemical cell.

13. The electrochemical cell of claim 11, wherein the jelly roll comprises material strips
including a first insulating strip, a second insulating strip, the first electrode disposed between
the first insulating strip and the second insulating strip, and the second electrode disposed
between the second insulating strip and a third insulating strip, the material strips arranged in
a stacked configuration and then rolled to form a roll having multiple turns and an elliptical

shape.

14. The electrochemical cell of claim 13, wherein

the first insulating strip, the second insulating strip and the third insulating strip are

arranged such that a first long edge and a second long edge of each of the first
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insulating strip, the second insulating strip and the third insulating strip are aligned,

where the first long edge is opposed to the second long edge,

the first electrode is arranged so that a long edge of the first electrode is offset in a first
direction relative to the first long edge of each of the first insulating strip, the second

insulating strip and the third insulating strip, and

the second electrode is arranged so that a long edge of the second electrode is offset in
a second direction relative to the second long edge of each of the first insulating strip,
the second insulating strip and the third insulating strip, where the second direction is

opposed to the first direction.

15. The electrochemical cell of claim 11, further comprising

a first electrically conductive member that electrically connects the first electrode of

the jelly roll to the container, and

second electrically conductive member that electrically connects the second electrode

of the jelly roll to the cell cover.

16. The electrochemical cell of claim 15, wherein each of the first electrically conductive

member and the second electrically conductive member is an electrically conductive plate.

17. The electrochemical cell of claim 15, wherein each of the first electrically conductive

member and the second electrically conductive member is an electrically conductive wire.

18. The electrochemical cell of claim 11, wherein the first electrode is directly welded to the

container, and the second electrode is directly welded to the cell cover.

19. The electrochemical cell of claim 11, further comprising a mandrel having an elliptical

cross-sectional shape, the mandrel disposed at the center of the jelly roll.
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20. The electrochemical cell of claim 11, wherein a free end of the side wall and a periphery
of the cell cover are crimped together such that

a protruding ridge is formed surrounds the cell cover, and

the gasket is disposed between, and electrically isolates, the free end of the side wall

and the periphery of the cell cover.

21. The electrochemical cell of claim 11, wherein at least one of the cell cover and the

bottom include surface features that provide structural reinforcement.

22. The electrochemical cell of claim 21, wherein the surface features include an elongated,

radially-extending protruding ridge.

23. The electrochemical cell of claim 11, wherein

the spacing between the bottom and the cell cover defines a height of the

electrochemical cell,

the cell cover and the bottom each comprise a first dimension corresponding to a
length of a major axis of the elliptical peripheral shape and a second dimension

corresponding to a length of a minor axis of the elliptical peripheral shape, and

the height of the housing is less than the length of the second dimension.
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