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(57) Abstract: Multicell battery modules in which at least some immediately adjacent ones of the pole tabs of the cells are directly
electrically and mechanically connected to one another to form pole-tab pairs. [n some embodiments, the pole tabs of each pole-tab pair
are bent toward one another and welded together. In some embodiments, lightweight, e.g., foam, electrical insulation is placed in the
inter-tab spaces between immediately adjacent pairs of pole tabs. In some embodiments, an end closure having an end wall is provided
with spacing tabs that extend from the end wall to the inter-tab insulation so as to isolate immediately adjacent pole tabs from one
another, for example, to inhibit or prevent electrical creepage. In some embodiments, a flexible printed circuit is directly electrically
and mechanically connected to the pole-tab pairs via contacts welded to the pole-tab pairs. Simple electrical lead-out arrangements and
communication port-connector arrangements are also disclosed.
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MULTICELL BATTERY MODULES HAVING DIRECT POLE-TAB TO POLE-TAB
CONNECTIVITY AND RELATED FEATURES

FIELD OF THE INVENTION
{0001] The present mvention generally relates to the field of pouch-type multicell battery
modules. In particular, the present invention 1s directed to multicell battery modules baving direct

pole-tab to pole-tab connectivity and related features.

BACKGROUND

{0002] Batteries are becoming more and more ubiquitous as combustion-engine-powered
vehicles and corded devices are being replaced by battery-powered equivalents and as power storage
demands grow as renewable energy sources are becoming more prevalent. In many applications,
batteries for these applications are based on electrochemucal cells, such as hithium-metal and bithium-
ion cells, and it is common for these cells to be of the pouch type, which generally have a
rectangular form factor. Because the individual cells are limited by the relevant chemustry to provide
relatively low voltages and relatively low currents, multiple individual cells for power-intensive
applications are packaged together and electrically connected to one another to form a battery
module having a higher output voltage and/or a higher output current. I energy requirements are
greater than a single module can provide, then multiple individual modules are grouped and/or
packaged together and electrically connected to one another to form a battery pack having the
requisite energy requirements and output voltage and current characteristics needed for the particular

application at issue.

{0003] In many cases the construction of a pouch-type multicell battery module utilizes busbars
to electrically connect the cells to one another via the cells’ pole tabs present at one or both ends of
the module depending on cell design. A common technique for installing the busbars is to first
mstall a plastic bushar support structure that generally has the same areal size as a transverse cross-
section of the module. After installing the busbhar support, the busbars are installed and then welded

to the pole tabs of the relevant ones of the cells.

{0004] A drawback of this type of module construction s that the plastic busbar support must be
fairly robust to function as a welding fixture, and this means that the bushar support 1s relatively

large and relatively heavy. The relatively large size and relatively large weight reduce, respectively,
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the volumetric and gravimetric energy densities of the modules so constructed. In addition, this
construction provides relatively high rigidity as between the cells’ pole tabs, the busbars, and the
busbar support. This, in combination with the relatively high mass of the busbar support and the
busbars themselves that increases the inertial forces, increases the likelithood of damage from shock
and vibration during use that can lead to internal failures, such as twisting pole tabs and inducing
stress cracks in tab welds and other components, such as flexible printed circuits used for module

performance and health monitoring,

SUMMARY OF THE DISCLOSURE

{0005] In an implementation, the present disclosure is directed to a battery module, which
mcludes a cell stack comprising a plurality of cells stacked with one another along a stacking
direction, wherein: each of the cells has first and second ends spaced from one another in a direction
perpendicular to the stacking direction and including first and second pole tabs of opposite polarities
located at corresponding respective ones of the first and second ends; each pair of immediately
adjacent ones of the first pole tabs forming a first inter-tab space; at least some of immediately
adjacent ones of the first pole tabs are fastened to one another to form at least one corresponding first
pole-tab pair; and an electrically msulating material disposed in each of the first inter-tab spaces; a
nuddle shell comprising walls parallel to the stacking direction; and a first end closure secured to the
middle shell and covermg the first pole tabs and the electrically insulating matenial in the first inter-

tab spaces.

BRIEF DESCRIPTION OF THE BRAWINGS

[0006] For the purpose of illustration, the accompanying drawings show aspects of one or more
embodiments of the invention{s}. However, it should be understood that the invention(s) of this
disclosure 1s/are not limited to the precise arrangements and instrumentalities shown 1n the drawings,
wheretn:

{0607] FIG. 1A 13 a perspective view of an example battery module made i accordance with
aspects of the present disclosure;

{0008] FIG. 1B 1s a partially exploded view of the module of FIG. 1A;

{0609] FIG. 2A 15 a perspective view of the lead-out arrangement of FIG. 1B 1o 1solation from

other components of the module of FIGS. 1A and 1B;

{0010] FIG. 2B 15 an enlarged top view of the lead-out arrangement of FIG. 24,
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{0011} FIG. 2C 15 a cross-sectional view of the lead-out arrangement as taken along line 2C-2C
of FIG. 2B;
{0012} FI(z. 3A is a perspective view of the port-connector arrangement of FIG. 1B 1n isolation

from other components of the module of FIGS. 1A and 1B;

{06013} FI(z. 3B 1s an enlarged top view of the port-connector arrangement of FIG. 3A;

{0614] FIG. 3C 1s a cross-sectional view of the port-connector arrangement as taken along

line 3C-3C of FIG. 3B;

{6015} FIG. 415 an enlarged end view of the module of FIGS. 1A and 1B showing the first end

closure at the lead-out end of the module removed;

{0016] FIG. 5 1s an enlarged partial cross-sectional view of the module of FIGS. 1A and 1B at

the lead-out end of the module;

{0017] FI1G. 615 an enlarged end view of the module of FIGS. 1A and 1B showing the second

end closure at the data-connection end of the module removed; and

{0018] FIG. 7 1s an enlarged end view of the module of FIGS. 1A and 1B showing the second

end closure at the data-connection end of the module installed.

DETAILED DESCRIPTION

{0019} In some aspects, the present disclosure 1s directed to battery modules comprising a
plurality of pouch-type electrochemical cells (hereinafter, simply “cells™) electrically connected with
one another and packaged within a housing using manufacturing techniques and structures disclosed
herein that either avoid using busbars and any associated busbar support(s} or reduce the number of
busbars and extent of busbar support(s), depending on the electrical connectivity of the cells in the
module at 1ssue. These benefits stem from directly electrically and mechanically connecting
together pertinent ones of the pole tabs instead of providing busbars as s customary. In some
embodiments: a relatively lightweight dielectric material, such as a dielectric foam, is placed
between adjacent pole-tabs; pole-tabs of various ones of the cells in a module are directly fastened to
one another to create both mechanically connected and an electrically connected pole-tab pairs; a
flexible printed circuit 1s electrically coupled to the pole-tab pairs, for example, for monitoring
module performance and/or module health; and/or an end closure having spacing ribs 1s provided to

create individual pole-tab-pair 1solation chambers.
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{0020} In some embodiments, one end of a module of the present disclosure may be the
electrical lead-out end and/or one end may be the data-connection end. In some embodiments, the
electrical lead-out end and the data-connection end may be at opposite ends of the module. When
one end of the module is the lead-out end, the module may include a dielectric internal lead support
that supports the positive and negative electrical leads that connect internal terminals to external
terminals. In some embodiments, the lead support may be attached to dielectric insulation placed
between the pole tabs on that end of the module. When one end of the module is the data-connection
end, the module may include a data-port connector and a connector support that fixedly supports the
data-port connector. In some embodiments, the connector support is secured to dielectric insulation
placed between the pole tabs on that end of the module. These and other features and embodiments

are described below in connection with the example embodiments lustrated in the drawings.

(0021} Referring now to the drawings, FIGS. 1A and 1B ilustrate an example battery

module 100 (hereinafter, suuply “module”) made 1o accordance with the present disclosure. In this
example, the module 100 has first and second ends 100(1) and 100(2), respectively, with the first
end 100(1) being an electrical lead-out end and the second end 100(2) being a data-connection end.
The module 100 includes a stack 104 of individual cells, here twelve cells 104(1) to 104{(12) (only a
few labeled to avoid clutier) stacked with one another along a stacking axis 1045A As those skilled
i the art will readily appreciate, the namber of cells need not be twelve. Indeed, the number of cells
may be any number needed to suit a particular requirement for the module and based on the relevant
cell size and chemistry. Not shown, but which may be present in some embodiments, ts wrapping
wrapped around the stack. The stack 104 15 contained within a housing 108 having a muddle

shell 1088 and first and second end closures 108C(1) and 108C(2) that close and seal the housing at,
respectively, the first and second ends 100(1) and 100(2) of the modaule 100.

[0022] As discussed below in detail, in this example the cells 104(1) to 104(12) are all
electrically connected 1 series with one another. However, in other embodiments the cells 104¢1)
to 104(12), or whatever cells are present, may be electrically connected in another manner, for
example, with some of the cells being connected in series with one another and some of the cells
being connected in parallel with one another, depending on the particular requirements for the

module at issue.

{0023} In this example, the first end 100(1} of the module 100 1s an electrical lead-out end of

the module at which output terminals 112(1} and 112(2) (see FIG. 4) are electrically connected,

4
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respectively, to the relevant output pole-tabs of the stack 104, here pole tabs 116{1) and 116{23) (see
FIGS. 4 and 5) on the fully series connected cells 104(1) to 104(12), by corresponding electrical
leads 120(1} and 120(2) (see FIGS. 2A-2C and 4). To this end, the example module 100 includes a
lead-out arrangement 124 of structures, which in this example include electrical insulation 128(1)
and a lead support structure 132 for supporting the electrical leads 120(1) and 120(2). Detatls of the

example lead-out arrangement 124 are described below in connection with FIGS. 2A-2C, 4, and 5.

10024] Also in this example, the second end 100(2) of the module 100 15 a data-connection end
of the module that includes a data-port connector 136, To this end, the example module 100
includes a port-connector arrangement 140 of structures, which in this example includes electrical
msulation 128(2} and a connector support 144 that supports the data-port connector 136. Details of
the example port-connector arrangement 140 are described below in connection with FIGS. 3A-3C,

6, and 7.

{00285} This embodiment also includes a flexible printed circuit 148 that is electrically
connected to the data-port connector 136 and to other components of the module 100 as described
below in connection with FIGS. 4-6. As alluded to above, the data-port connector 136 allows the
module 100 to communicate data offboard the module, for example, for performance and/or health
monitoring purposes. Regarding the type of the data-port connector 136, those skilled in the art will
understand that its type may be any suitable type, such as a standard type (e.g., RS8-232, DE-9, DE
15, etc ) or a custom type. In some embodiments, the physical data-port connector 136 may be

elimmnated and replaced by a wireless data port {not shown).

{0026} FIGK. 2A-2C llustrate the lead-out arrangement 124 of FIG. 1B in 1solation from other
components of the example module 100 (FIGS. 1A and 1B} to aid the reader’s understanding of the
construction of the module. As seen in FIGS. 2A-2C, the lead-out arrangement 124 includes the
electrical msulation 128(1) and the lead support structure 132, which in this example are secured
together to provide a unitary structure. If secured together, the electrical insulation 128(1) and the
fead support stracture 132 may be secured to one another either before or after engagement with the
rest of the module 100 (FIGS. 1A and 1B} and 10 any suitable manner, such as using an adhesive,
mechanical fastening, overmolding, etc., or any combination of these, among others. The electrical
msulation 128(1} 1s a physical structure {as opposed, for example, to a vacuum or air and/or other
gas) that may be made of any suitable dielectric material(s}. Because it is often desirable to make a

battery module, such as module 100, as lightweight as possible, dielectric foam(s) i1s/are a good

(¥
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choice for the dielectric material(s). Examples of foams suitable for the nter-tab mnsulation 128(1)
mclude, but are not limited to, polyurethane (PU), stlicone rubber, and polvethylene (PE), among
others. Material(s) other than foam(s) can be used, too, as long as 1t/they provide the necessary

electrical mnsulation.

{0027} The lead support structure 132 may have any suitable shape to suit, for example, the
locations of the output ternunals 112{(1) and 112(2) (FIG 4} and the corresponding pole tabs of the
stack 104 (here, pole tabs 116(1) and 116(23) (FIG. 5}), the shapes and configurations of the
electrical leads 120(1) and 120(2), and the internal space available within the module 100 (FIGS. 1A
and 1B). The lead support structure 132 may be made of any one or more suitable maternials, such as

one or more dielectric thermoset plastics and/or thermoplastics, among others.

{0028} FIGS. 3A-3C illustrate the port-connector arrangement 140 of FIG. 1B in 1solation from
other components of the example module 100 (FIGS. 1A and 1B) to aid the reader’s understanding
of the construction of the module. As seen in FIGS. 3A-3C, the port-connector arrangement 140
inchudes the electrical insulation 128(2), the connector support 144, and the data-port connector 136
Like the electrical insulation 128(1) of FIGS. 2A-2C, the electrical insulation 128(2) may be made of
any suttable dielectric material(s), such as any one or more of the dielectric materials noted above

relative to the electrical nsulation 128(1) of FIGS. 2A-2C.

{0029] The connector support 144 may have any suitable shape to sutt, for example, the size,
shape, and mounting requirements of the data-port connector 136, the configuration of the electrical
msulation 128(2), and the mternal space available within the module 100 (FIGS. 1A and 1B}, among
other things. The connector support 144 may be made of any one or more suitable materials, such as
one or more dielectric thermoset plastics and/or thermoplastics, among others. In this example, the
connector support 144 mcludes a pair of nuts 300(1) and 300(2) overmolded into it. These

nuts 300¢1) and 300(2) receive corresponding screws 700(1) and 700(2) (FIG. 7} that secure the
second end closure 108C(2) to connector support 144 and, in this example, the entire port-connector

arrangement 140,

{0030} FIG. 4 shows the lead-out end (first end) 100(1) of the module 100 with the first end
closure 108C(1) (FIGS. 1A, 1B, and 5) removed to be able to view mternal components and
electrical conmections. FIG. 5 shows the lead-out end 100(1) 1 cross-section but with the first end
closure 108C(1) mstalled. Referring to both FIGS. 4 and 5 for ease of understanding, these figures
show pole tabs 116(3) + 116(5), 116(7) + 116(9), 116(113 + 116(13), 116(15) + 116(17),

6
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and 116(19) + 116(21}, respectively, bent toward one another and fastened together so as to form
five pole-tab pairs 400(1) to 400(5). As mentioned above, the fastening may be accomplished in any
suitable manner that both mechanically and electrically connects the pole tabs 116(3) + 116(5),
116(7) + 116(9), 116(11) + 116(13), 116(15) + 116(17), and 116{19) + 116(21), respectively, to one
another. As also mentioned above, such fastening may be performed in any suitable manner, such as
welding, mechanical fastening, brazing, bonding using an electrically conductive adhesive, co-
melting, and any suitable combination thereof, among others. Fundamentally, there 15 no limutation
on the fastening as long as the fasterung meets the electrical requirements and mechanical robustness
requirements for the mtended service. As noted above, in the example module 100 all of the

cells 104(1) to 104(12) are electrically connected in series with one another. Therefore, in each of
the pole-tab pairs 400(1) to 400(5) the pole tabs 116(3) to 116(21} are of opposite polarity from one

another. Similarly, pole tabs 116(1) and 116(23) are of opposite polarities from one another.

[0031] As best seen in FIG. 5, pole tabs 116(1) and 116(23} are the end pole tabs of the series-
connected cells 104, and these pole tabs are electrically connected to the electrical leads 120(1)

and 120(2) and are captured, respectively, within tab-capturing portions 132TCP(1) and 132TCP(2)
of the lead support structure 132 Referring to FIG. 4, the electrical leads 120(1) and 120(2) are
connected at their other ends to the output termunals 112(1) and 112(2). FIG. 4 also shows that the
flexible printed circuit 148 15 electrically connected to each of the electrical leads 120(1) and 120(2)
and each of the pole-tab parrs 400(1) to 400(5) by a corresponding electrical contact 404(1)

to 404(7).

{0032] Referring again to FIG. S, the first end closure 108C(1) of this example module 100
meludes an end wall 500 that is spaced from the pole-tab pairs 400(1} to 400(5) to provide
headspace between the end wall and the free surfaces of the electrical insulation 128(1) that 1s
present in the spaces between adjacent ones of the pole tabs 116(1) to 116{23) as well as adjacent to
the outside-facing sides of the end pole tabs 116{1) and 116(23). In this example, the first end
closure 108C(1) also includes spacing ribs 504(1) to 504(4) that extend from the end wall 500 to the
electrical insulation 128(1) to form pole-tab-pair 1solation chambers 508(1) to 508(5} that electrically
isolate the pole-tab pairs 400(1} to 400(5) from one another and inhibit electrical creepage between
immediately adjacent ones of the pole-tab pairs. Although not illustrated, the spacing ribs 504(1)
to 504(4) may extend the full length of the first end closure 108C{1) (into and out of the page of
FIG. 5} or may extend only part of the length, for example, extend only where needed relative to the
pole-tab pairs 400(1) to 400(5). Generally, each spacing rib 504(1) to 504{4) should firmly engage
7
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the electrical insulation 128(1} so as to block electrical creepage. If foam is used for the electrical
msulation 128(1} and if the foam i1s compressible enough, the spacing ribs 504(1} to 504(4) may be
sized so that when the first end closure 108C(1} 1s fully engaged with the module 100, they compress

the foam to a desired extent.

{0033} FI(3. 6 shows the data-connection end {second end) 100(2) of the module 100 with the
second end closure 108C(2) (FIGS. 1A, 1B, and 7} removed to be able to view internal components
and electrical connections. FIG. 7 shows the data-connection end 100(2) (FIG. 1} with the second
end closure 108C(2) installed. Referring to FIGS. 6, this figure shows pole tabs 116(2) + 116(4),
116(6) + 116(8), 116(10) + 116(12), 116(14) + 116(16), 116(18) + 116(20), and 116{22) + 116(24),
respectively, bent toward one another and fastened together so as to form six pole-tab pairs 600(1)
to 600(6). As mentioned above, the fastening may be accomplished in any suitable manner that both
mechanically and electrically connects the pole tabs 116(2) + 116(4), 116(6) + 116(8), 116(10) +
116(12), 116(14) +116(16), 116(18) + 116020}, and 116(22) + 116(24), respectively, to one another.
As also mentioned above, such fastening may be performed in any suitable manner, such as welding,
mechanical fasterung, brazing, bonding using an electrically conductive adhesive, co-melting, and
any suttable combination thereof, among others. Fundamentally, there is no limutation on the
fastening as long as the fastening meets the electrical requirements and mechanical robustness
requirements for the intended service. As noted above, tn the example module 100 all of the

cells 1041} to 104(12}) are all electrically connected 10 series with one another. Therefore, 1 each

of the pole-tab pairs 600(1) to 600(0) the pole tabs 116(2} to 116(24} are of opposite polarity.

{0034} FIG. 6 also shows the electrical msulation 128(2) present 1o the inter-tab spaces between
adjacent ones of the pole tabs 116(2) to 116{24} and adjacent to the outside faces of the end pole
tabs 116(2) and 116(24). FIG. ¢ further shows that the flexible printed circuit 148 1s electrically
connected to each of the pole-tab pairs 600(1) to 600{6) via a corresponding electrical contact 604(1)
to 604(6). Although not illustrated, in this example the flexible printed circuit 148 extends within
the middle shell 108B (FIGS. 1A and 1B) between the first and second ends 100(1) and 100{2) of
the module. As noted above, FIGG. 7 shows the screws 700(1} and 700(2} that threadedly engage,

respectively, the nuts 300(1} and 300(2} (FIG. 6) of the port-connector arrangement 140,

{0035] Vartous modifications and additions can be made without departing from the spirit and
scope of this invention. Features of each of the various embodiments described above may be

combined with features of other described embodiments as appropriate in order to provide a
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multiplicity of feature combinations in associated new embodiments. Furthermore, while the
foregoing describes a number of separate embodiments, what has been described herein 15 merely
illustrative of the application of the principles of the present invention. Additionally, although
particular methods herein may be tilustrated and/or described as being performed in a specific order,
the ordering 1s highly variable within ordinary skill to achieve aspects of the present disclosure.
Accordingly, this description is meant to be taken only by way of example, and not to otherwise

iimit the scope of this invention.

{6036} Exemplary embodiments have been disclosed above and illustrated i the accompanying
drawings. It will be understood by those skilled in the art that various changes, omissions and
additions may be made to that which is specifically disclosed herein without departing from the

spirit and scope of the present invention.
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What 1s claimed 1s:

1. A battery module, comprising:
a cell stack comprising a plurality of cells stacked with one another along a stacking direction,
wherein:
each of the cells has first and second ends spaced from one ancther in a direction
perpendicular to the stacking direction and including first and second pole tabs of
opposite polarities located at corresponding respective ones of the first and second
ends;
each pair of immediately adjacent ones of the first pole tabs forming a first inter-tab space;
at least some of immediately adjacent ones of the first pole tabs are fastened to one another
to form at least one corresponding first pole-tab pair; and
an electrically insulating material disposed in each of the first inter-tab spaces;
a middle shell comprising walls parallel to the stacking direction; and
a first end closure secured to the middle shell and covering the first pole tabs and the

electrically insulating material in the first inter-tab spaces.

b2

The battery module of claim 1, wherein the first pole tabs in each first pole-tab pair are bent

toward one another and fastened to one another,

3. The battery module of claim 1, wherein the first pole tabs in each first pole-tab pair are bent

toward one another and welded to one another.

4. The battery module of claim 1, wherein the cell stack includes a plurality of the first pole-tab
pairs and the first end closure provides a first headspace between the first end closure and the
cell stack, the battery module further comprising a flexible printed circuit at least partially

contained within the first headspace.

5. The battery module of claim 4, wherein the flexible printed circuit 1s electrically connected to

each of the first pole-tab pairs by a corresponding electrical contact,

6. The batiery module of claim 5, further comprising:
a data-port connector; and
a connector support that fixedly supports the data-port connector;

wherein the flexible printed circuit 1s electrically connected to the data-port connector.

10



WO 2024/108466 PCT/CN2022/133908

h

The battery module of claim 6, wherein the connector support is secured to the electrically

msulating material i the first inter-tab spaces.

8. The battery module of claim 1, wherein the cell stack includes a plurality of the first pole-tab
pairs and the first end closure includes a plurality of spacing ribs that engage the electrically
insulating material present in the first inter-tab spaces between adjacent ones of the first pole-tab

pairs 50 as to form individual pole-tab-pair 1solation chambers.

9. The battery module of claim 1, further comprising:
internal module terminals electrically coupled to ones of the first and second pole terminals;
external module terminals electrically coupled to corresponding respective ones of the internal
module terminals via corresponding leads; and
a lead-terminal support made of a dielectric material and supporting each of the internal

module terminals and the leads.

10. The battery module of claim 9, wherein the lead-terminal support is secured to the electrically

msulating material i the first inter-tab spaces.

11. The battery module of clamm 1, wherein the electrically insulating matenial comprises a dielectric

foam.

12. The battery module of ¢laim 1, whergin:
each pair of immediately adjacent ones of the second pole tabs form a second inter-tab space;
at least some of immediately adjacent ones of the second pole tabs are mechanically and
electrically connected with one another to form at least one corresponding second pole-tab
pair;

an electrically insulating material disposed in each of the second inter-tab spaces;

13. The battery module of ¢laim 12, wherein:
the cell stack includes a plurality of the first pole-tab pairs and a plurality of the second pole-
tab pairs;
the first end closure provides a first headspace between the first end closure and the cell stack;
the second end closure provides a second headspace between the second end closure and the

cell stack; and

11
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the battery module further comprising a flexible printed circuit at least partially contained

within each of the first and second headspaces.

14. The battery module of claim 13, wherein the flexible printed circutt 1s electrically connected to
each of the first pole-tab pairs and each of the second pole-tab pairs by a corresponding electrical

contact.

15. The battery module of claim 14, further comprising:
a data-port connector extending through the first end closure; and
a connector support that fixedly supports the data-port connector;

wherein the flexible printed circuit 1s electrically connected to the data-port connector.

16. The battery module of claim 15, wherein the connector support is secured to the electrically

msulating material in the first inter-tab spaces.

17. The battery module of claim 12, wherein:

the cell stack inchudes a plurality of the first pole-tab pairs;

the first end closure includes a plurality of first spacing ribs that engage the electrically
msulating material present in the first inter-tab spaces between adjacent ones of the first
pole-tab pairs so as to form individual first pole-tab-pair 1solation chambers;

the cell stack includes a plurality of the second pole-tab pairs; and

the second end closure includes a plurality of second spacing ribs that engage the electrically
msulating material present in the second inter-tab spaces between adjacent ones of the

second pole-tab pairs so as to form individual second pole-tab-pair isolation chambers.

18. The battery module of claim 12, further comprising:
internal module terminals electrically coupled to ones of the first and second pole terminals,
wherein the internal module termuinals are located in the second headspace;
external module terminals electrically coupled to corresponding respective ones of the internal
module terminals via corresponding leads; and
a lead-terminal support made of a dielectric material and supporting each of the internal

module terminals and the leads.

19, The battery module of claim 18, wherein the lead-ternunal support 15 secured to the electrically

insulating material in the second inter-tab spaces.

12
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