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(54) BATTERY MODULE

(57) The present invention relates to a battery mod-
ule (70), comprising a plurality of rows (78) of battery
cells (80), wherein each battery cell (80) comprises a
prismatic battery case (26) with a bottom surface (14), a
first pair of wide side surfaces (15,16) and a second pair
of narrow side surfaces (17,18). The battery module (70)
further comprises a plurality of first busbars (73a) and at
least one second busbar (73b), wherein the busbars
(73a, 73b) are configured for electrically connecting bat-
tery cells (80). According to the present invention, adja-
cent battery cells (80) within a row (78) face each other

via their narrow side surfaces (17, 18) and adjacent bat-
tery cells (80) of adjacent rows (78) face each other via
their wide side surfaces (15,16). Further, adjacent battery
cells (80) within a row (78) are electrically connected in
series via one of the plurality of first busbars (73a), while
distinct rows (78) are electrically connected in in series
via at least one second busbar (73b). Thus heat paths
via the battery cases (26) and the busbars (73a, 73b) as
electrical connectors are separated and the danger of a
thermal runaway propagation is reduced in the battery
module (70).
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Description

Field of the Invention

[0001] The present invention relates to a battery mod-
ule, and particularly to a battery module comprising a
design that is configured for preventing thermal runaway
propagation.

Technological Background

[0002] A rechargeable or secondary battery differs
from a primary battery in that it can be repeatedly charged
and discharged, while the latter provides only an irrevers-
ible conversion of chemical to electrical energy. Low-ca-
pacity rechargeable batteries are used as power supply
for small electronic devices, such as cellular phones,
notebook computers and camcorders, while high-capac-
ity rechargeable batteries are used as the power supply
for hybrid vehicles and the like.
[0003] In general, rechargeable batteries include an
electrode assembly including a positive electrode, a neg-
ative electrode, and a separator interposed between the
positive and negative electrodes, a case receiving the
electrode assembly, and an electrode terminal electrical-
ly connected to the electrode assembly. An electrolyte
solution is injected into the case in order to enable charg-
ing and discharging of the battery via an electrochemical
reaction of the positive electrode, the negative electrode,
and the electrolyte solution. The shape of the case, e.g.
cylindrical or rectangular, depends on the battery’s in-
tended purpose.
[0004] Rechargeable batteries may be used as a bat-
tery module formed of a plurality of unit battery cells cou-
pled in series and/or in parallel so as to provide a high
energy density, e.g. for motor driving of a hybrid vehicle.
That is, the battery module is formed by interconnecting
the electrode terminals of the plurality of unit battery cells
depending on a required amount of power and in order
to realize a high-power rechargeable battery, e.g. for an
electric vehicle.
[0005] Battery modules can be constructed either in
block design or in modular design. In block designs each
battery is coupled to a common current collector structure
and a common battery management system and the unit
thereof is arranged in a housing. In modular designs,
pluralities of battery cells are connected to form submod-
ules and several submodules are connected to form the
battery module. The battery management functions can
then be at least partially realized on either module or
submodule level and thus interchangeability can be im-
proved. One or more battery modules are mechanically
and electrically integrated, equipped with a thermal man-
agement system and set up for communication with one
or more electrical consumers in order to form a battery
system.
[0006] The mechanical integration of a battery system
requires appropriate mechanical connection of the indi-

vidual components, e.g. of battery submodules among
themselves and with structures of a system providing the
electrical consumers, e.g. a vehicle. These connections
must be designed to remain functional and safe during
the average service life of the battery system and under
the stresses provided during use of the consumers. Fur-
ther, installation space and interchangeability require-
ments must be met, especially in mobile applications.
[0007] Mechanical integration of battery modules can
be achieved by providing a carrier plate, e.g. a ground
plate, and by positioning individual battery cells or sub-
modules thereon. Fixing the battery cells or submodules
can be achieved by fitted depressions in the carrier plate,
by mechanical interconnectors such as bolts or screws
or by confining the cells or submodules. Confinement
can be achieved by fastening side plates to lateral sides
of the carrier plate and/or by providing a further carrier
plate atop and fixing it to the carrier plate and/or side
plates. Thus, multilevel battery modules can be con-
structed, wherein the carrier plates and/or side plates
may contain coolant ducts for providing cooling of the
cells or submodules.
[0008] Mechanical integration of battery submodules
can be achieved by providing mechanically reinforced
electrical connectors or by fastening the battery cells onto
carrier beams or struts in addition to the electrical con-
nectors. Additionally or alternatively the submodules can
be arranged in individual casings covering some or all of
the surfaces of a battery submodule and arranged into a
battery module, e.g. onto a carrier plate, within these in-
dividual casings.
[0009] To provide electrical integration of a battery sys-
tem either pluralities of cells connected in parallel are
connected in series (XpYs) or pluralities of cells connect-
ed in series are connected in parallel (XsYp). Therein
pluralities of cells connected in series and/or in parallel
may be bundled to battery submodules. XsYp type mod-
ules can generate high voltages but the voltage level of
each cell hast to be controlled individually and thus wiring
complexity is increased. In XpYs type modules the volt-
age levels of the cells connected in parallel are automat-
ically balanced. Thus the voltage can be controlled on
cell or submodule level and wiring complexity is reduced.
For cells or submodules connected in parallel the capac-
itance of the cells add up and thus XpYs type designs
are mostly used with low capacitance cells.
[0010] For meeting the dynamic power demands of
various electrical consumers connected to the battery
system, static control of battery power output and charg-
ing is not sufficient. Thus, steady exchange of information
between the battery system and the controllers of the
electrical consumers is required. This information in-
cludes the battery systems actual state of charge (SoC),
potential electrical performance, charging ability and in-
ternal resistance as well as actual or predicted power
demands or surpluses of the consumers. Battery sys-
tems usually comprise a battery management system for
processing this information.
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[0011] To provide thermal control of a battery system
a thermal management system is required to safely use
the at least one battery module by efficiently emitting,
discharging and/or dissipating heat generated from its
rechargeable batteries. If the heat emission/dis-
charge/dissipation is not sufficiently performed, temper-
ature deviations occur between respective battery cells,
such that the at least one battery module cannot generate
a desired amount of power. In addition, an increase of
the internal temperature can lead to abnormal reactions
occurring therein and thus charging and discharging per-
formance of the rechargeable battery deteriorates and
its life-span is shortened. Thus, cooling devices for ef-
fectively emitting/discharging/dissipating heat from the
battery cells are required.
[0012] An example of such abnormal operation condi-
tion is a thermal runaway of a battery cell that may be
entered by strongly overheated or overcharged Lithium
ion cell. The critical temperature for transiting into thermal
runaway is typically above 150°C and may be exceeded
due to a local failure, as an internal short circuit of a cell,
heating from a bad electrical contact or a short circuit to
an adjacent cell. A thermal runaway is a self-accelerating
chemical process inside the cell, which produces high
amounts of heat and gas, until all available material is
exhausted and during which the failed cell may heat up
to cell temperatures higher than 700°C and may eject
large quantities of hot gas into the system.
[0013] The failing cell can transfer large amounts of
heat to adjacent cells during thermal runaway. Neighbor-
ing cells might receive heat due to direct contact to a
failing cell, by heat conduction via side or base plate
and/or electrical connectors. Additionally, convectional
heat transport may occur within the battery system due
to the ejected hot gas. Thus, non-failed adjacent cells
are prone to transit into thermal runaway such that ther-
mal runaway might propagate through the battery sys-
tem, eventually resulting in battery fire and loss of an
electric vehicle.
[0014] According to the prior art, elements that ther-
mally short the battery cells, such as busbars, base plates
or covers may be provided with active cooling means,
such as integrated coolant tubes, or with passive cooling
means, such as integrated portions of material with low
thermal conductivity. Further, a battery system may be
provided with means for discharging, cooling or redirect-
ing the hot gases emitted from a failing cell. Active cooling
means must be controlled and supervised and may pose
the risk of coolant leaking into the battery system. The
known passive cooling means are usually expensive as
they require the replacement of standard components,
such as aluminum busbars, with thermally optimized
components.
[0015] WO 2012/096844 A1 discloses a battery mod-
ule with a modular frame comprising a plurality of slots
for receiving prismatic battery cells. The slots are ar-
ranged such that rows of cells are formed that extend in
parallel with the longitudinal direction of the battery mod-

ule. An air cooling member is inserted between interior
walls and of the modular frame via an aperture. EP 2 482
365 A1 discloses disclose a battery module 200 that com-
prises a plurality of battery cells 20 which are stacked
along a first direction, wherein the battery cells 20 are
alternately offset in a second direction that is perpendic-
ular to the first direction.
[0016] It is an object of the present invention to over-
come or reduce at least some of the drawbacks of the
prior art and to provide a battery module with an optimized
protection against propagation of heat and thus a thermal
runaway through the battery module.

Description of the Invention

[0017] One or more of the drawbacks of the prior art
could be avoided or at least reduced by means of the
present invention. In particular, according to a first aspect
of the invention a battery module is provided, comprising
a plurality of rows of battery cells, a plurality of first bus-
bars and at least one second busbar. Therein, each bat-
tery cell comprises a prismatic battery case with a bottom
surface, a first pair of wide side surfaces and a second
pair of narrow side surfaces. Further, the first and the at
least one second busbars are each configured for elec-
trically connecting at least two battery cells. Within a row,
preferably within each row, adjacent battery cells face
each other via their narrow side surfaces. In other words,
the rows are formed by aligned battery cells placed next
to each other with a narrow side of one battery cell being
in close contact with a narrow side surface of an adjacent
battery cell.
[0018] According to the invention, adjacent battery
cells of adjacent rows, i.e. cells within different rows that
are facing each other, face each other via their wide side
surfaces. In other words, multiple rows of battery cells
are placed next to each other, wherein wide side surfaces
of adjacent cells in adjacent rows are in close contact to
each other. According to the invention, adjacent battery
cells within a row, preferably within each row, are elec-
trically connected in series via one of the plurality of first
busbars. In other words, the cells within a row are elec-
trically connected along the alignment direction of the
rows. Further, distinct rows, preferably pairs of distinct
rows, are electrically connected in series via at least one
second busbar. In other words, battery cells of distinct
rows, i.e. of adjacent rows or distant rows, preferably
outermost battery cells of adjacent rows, are electrically
connected in series via the at least one second busbar.
Herein, a battery module may also refer to a battery sub-
module.
[0019] According to the present invention, the battery
cells of adjacent rows of battery cells are shifted against
each other in a direction parallel or antiparallel to a length
direction of the battery module. In other words, the rows
of battery cells are shifted against each other in plane
with the wide module side surfaces. Thus the battery cells
of the battery module are arranged in an imbricate man-
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ner. Therein the wide cell side surfaces of most of the
battery cells of each of the rows (except the outermost
cells of the rows) do not contact only one wide side sur-
face of an adjacent cell of an adjacent row, but contact
two wide side surfaces of two adjacent cells of an adja-
cent row of battery cells. Thus the number of cells adja-
cent to a wide side surface of any battery cell is increased
to a minimum of two instead of a minimum of one. Thus
the heat from any cell is distributed to a larger number
of cells. This greatly reduces the chance that any adja-
cent cell is heated above 150°C. Thus the chance of ther-
mal runaway propagation from a failed cell to any adja-
cent neighboring cell is reduced.
[0020] Within a battery module there are usually three
main heat conductions paths between a pair of adjacent
cells. The first path is through the contact area of the
wide side surfaces of the cases of the adjacent cells. The
second path is through the electric connectors, particu-
larly the busbars, which usually consist of thermally high-
ly conductive material. And the third path is through the
cooling plate or any other additional mechanical fixture
of the battery module. Therein, the most significant heat
conduction path between a pair of adjacent cells usually
is the first heat path that is followed in significance by the
second heat path. In prior art battery modules, first and
second heat path are unidirectional as adjacent battery
cells contacting each other via wide side surfaces are at
the same time electrically connected via busbars.
[0021] According to the present invention, the first and
second heat path are separated, as predominantly bat-
tery cells that contact each other via narrow side surfaces
are electrically connected via busbars. In other words,
the first and second heat paths do not connect a certain
cell to a same adjacent cell but to at least two different
adjacent cells. Thus the heat from a failed cell is distrib-
uted more evenly and to a larger number of cells. This
greatly reduces the chance that any adjacent cell is heat-
ed above 150°C. Thus the chance of thermal runaway
propagation from a failed cell to any adjacent neighboring
cell is reduced.
[0022] According to a preferred embodiment of the
present invention, the rows of battery cells extend in par-
allel to a length direction of the battery module. Therein,
the battery module preferably has a cuboid shape with a
base surface and an opposite top surface, a first pair of
opposing wide module side surfaces and a second pair
of opposing narrow module side surfaces. Preferably,
the wide module side surfaces extend in the length di-
rection of the battery module. In other words, a length of
an edge at which the module base surface and one of
the wide module side surfaces are connected to each
other is longer than that of an edge at which the module
base surface and one of the narrow module side surfaces
are connected to each other. Hence, according to the
present invention, the cells of each row are oriented such
that the wide cell side surface of a cell, preferably of each
cell, is in-plane with the wide module side surfaces, i.e.
the length direction, of the battery module. By predomi-

nantly electrically connecting the cells within the rows,
cells are connected that do not have large contact areas
of wide cell side surfaces and hence heat propagation is
reduced.
[0023] According to a preferred embodiment of the bat-
tery module, an offset between battery cells of adjacent
rows, i.e. of rows shifted to each other in the length di-
rection of the module, corresponds to half of the exten-
sion of a wide cell side surface in a length direction of
the battery module. Therein, the offset refers to the dis-
tance between similar narrow side surfaces of adjacent
cells of adjacent rows in (or against) the length direction
of the battery module. Shifting the cells about an offset
of half of the extension of a wide cell side surface in a
length direction of the battery module splits the first heat
path from a battery cell to adjacent cells of an adjacent
row in two equal halves. Hence, heat is most uniformly
distributed in the battery module and hence chance of
thermal runaway propagation from a failed cell to any
adjacent neighboring cell is reduced. However, the
present invention can also be realized with other offsets
between battery cells of adjacent rows, e.g. correspond-
ing to 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or
90% of the extension of a wide cell side surface in a
length direction of the battery module, and still improve
heat distribution over the prior art.
[0024] As adjacent rows of battery cells are shifted
about an offset in the length direction of the battery mod-
ule, the outermost narrow side surfaces of outermost
cells of adjacent rows are not aligned. For still achieving
a regular and compact shape of the battery module as a
whole, an offset between outermost battery cells of ad-
jacent rows is preferably filled with a first spacer. In other
words, a first spacer fills the gap between the outermost
narrow side surface of the outermost battery cell of a first
row and the outermost narrow side surface of the outer-
most battery cell of a second row adjacent to the first row.
Preferably, the first spacers have the same height and
the same extension of their narrow side surfaces as the
battery cells, wherein the extension of the wide side sur-
faces of the first spacers corresponds to the offset of
battery cells of adjacent rows. Hence, if an offset between
battery cells of adjacent rows corresponds to half of the
extension of a wide cell side surface in a length direction
of the battery module, the extension of a first spacer wide
side surface in a length direction of the battery module
corresponds to half of the extension of a wide cell side
surface in a length direction of the battery module. Thus,
only one first spacer in each row is required. Further pre-
ferred, each row comprises exactly one first spacer.
Therein, first spacers of adjacent rows are positioned at
opposing module narrow side surfaces. Preferably, the
first spacers are from a lightweight material that is con-
figured to absorb heat from adjacent battery cells.
[0025] According to a further preferred embodiment of
the battery module, the polarities of outermost battery
cells of adjacent rows are opposite. In other words, if the
outermost terminal of an outermost cell in a first row is
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of a first polarity, the outermost terminal of an outermost
cell in a second row adjacent to the first row is of a second
polarity opposite to the first polarity. This allows for elec-
trically connecting adjacent rows, i.e. outermost cells of
adjacent rows, in series by using rather short second
busbars. However, the battery module of the present in-
vention could also be realized with the polarities of out-
ermost battery cells of adjacent rows being the same.
This would require longer second busbars but further
separate heat paths.
[0026] In a simple embodiment of the battery module
of the present invention, all battery cells of the module
are connected in series, i.e. in an Xs1p configuration.
Therein, the first busbars are preferably configured to
electrically connect solely adjacent cells within each row
in series, and preferably comprise a simple rectangular
shape. Further preferred, the second busbars are con-
figured to electrically connect distinct rows, i.e. cells of
distinct rows, and preferably outermost cells of adjacent
rows in series. Thus, the second busbars preferably com-
prise a simple L-shape and are configured to bridge an
offset of outermost cells of adjacent rows.
[0027] In other preferred embodiments the battery
module of the present invention is constructed in any
other XsYp configuration. Therein, the first busbars are
further configured to electrically connect battery cells of
distant rows in parallel. Particularly preferred, the first
busbars are configured to be thermally isolated from bat-
tery cells of rows that are in between the distant rows
that are electrically connected in parallel by the first bus-
bars. Also preferred, a first busbar comprises at least one
perforation that is configured to be aligned with a vent
member of battery cells of rows that are in between the
distant rows electrically connected in parallel. Further
preferred, the at least one second busbar is configured
to electrically connect distinct rows, i.e. battery cells of
distinct rows, and preferably outermost battery cells of
distant rows, in parallel. Therein, the first heat path and
the second heat path are further separated.
[0028] Further preferred, the battery cells of the battery
module of the present invention are connected in series
and/or in parallel between a first module terminal and a
second module terminal. Therein, each of the first and
second module terminals preferably comprises a pole
section that is configured to be connected to an external
load circuit and a contact section that is configured to
electrically connect battery cells of distinct, i.e. adjacent
or distant, rows in parallel. This design of the first and
second module terminals is preferably used in battery
modules with XsYp designs. Therein, the amount of bat-
tery cells that are electrically connected in parallel by
one, preferably by each, of the first busbars and each of
the contact sections of the first and second module ter-
minal is preferably equal and corresponds further pre-
ferred to the amount of cells connected in parallel in the
module, i.e. to Y. The amount of cells electrically con-
nected in parallel by the at least one second busbar may
be also equal to the number of cells electrically connected

in parallel by each first busbar or the amount of cells
electrically connected in parallel by the at least one sec-
ond busbar may be double the number of cells electrically
connected in parallel by each first busbar. Preferably, the
contact sections of at least one of the first and second
module terminal is further configured to bridge the exten-
sion of a first spacer by extending at least partially in the
module’s length direction.
[0029] According to a further preferred embodiment,
the battery module of the present invention comprises at
least one pair of second spacers that are adjacent to and
aligned with the wide and/or narrow module side surfac-
es. These second spacers increase the shock protection
of the battery system and are preferably configured to
absorb heat from the cells. The battery module may fur-
ther comprise a ribbon, e.g. a elastically ribbon or a metal
ribbon with adjustable length, which extends around the
battery module, preferably around the wide module side
surfaces as well as the narrow module side surfaces.
The ribbon is preferably configured to compress the bat-
tery module. In this embodiment, the at least one pair of
second spacers may further be configured to uniformly
distribute the pressure exerted by the ribbon onto the
battery cells of the module. Alternatively the ribbon ex-
tends around the module base and top surface and one
of the pairs of wide and narrow module side surfaces.
[0030] Further aspects of the present invention will be
apparent from the dependent claims, the attached draw-
ings and/or the following description of the attached
drawings.

Detailed Description of the Drawings

[0031] Features will become apparent to those of or-
dinary skill in the art by describing exemplary embodi-
ments in detail with reference to the attached drawings
in which:

Fig. 1 illustrates a perspective view of a battery cell
according to an embodiment;

Fig. 2 illustrates a cross section of a battery cell ac-
cording to an embodiment;

Fig. 3 illustrates a schematic perspective view of a
12s1p battery module according to the prior art;

Fig. 4 illustrates a schematic perspective view of a
12s1p battery module according to a first em-
bodiment;

Fig. 5 illustrates a schematic perspective view of a
6s2p battery module according to a second em-
bodiment;

Fig. 6 illustrates a schematic perspective and partially
exploded view of the 6s2p battery module ac-
cording to the second embodiment;
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Fig. 7 illustrates a schematic perspective view of a
6s3p battery module according to a third em-
bodiment; and

Fig. 8 illustrates a schematic perspective and partially
exploded view of the 6s3p battery module ac-
cording to the third embodiment.

Detailed Description of the Invention

[0032] Reference will now be made in detail to embod-
iments, examples of which are illustrated in the accom-
panying drawings. Effects and features of the exemplary
embodiments, and implementation methods thereof will
be described with reference to the accompanying draw-
ings. In the drawings, like reference numerals denote like
elements, and redundant descriptions are omitted. As
used herein, the term "and/or" includes any and all com-
binations of one or more of the associated listed items.
Further, the use of "may" when describing embodiments
of the present invention refers to "one or more embodi-
ments of the present invention." Although the embodi-
ments herein are described with various specific embod-
iments, it will be obvious for a person skilled in the art to
practice the invention with modifications. All such modi-
fications are deemed to be within the scope of the claims.
[0033] As used herein, the terms "substantially,"
"about," and similar terms are used as terms of approx-
imation and not as terms of degree, and are intended to
account for the inherent deviations in measured or cal-
culated values that would be recognized by those of or-
dinary skill in the art. Further, if the term "substantially"
is used in combination with a feature that could be ex-
pressed using a numeric value, the term "substantially"
denotes a range of +/- 5% of the value centered around
the value. In addition, the use of "may" when describing
embodiments of the present invention refers to "one or
more embodiments of the present invention." Herein, the
terms "upper" and "lower" are defined according to the
z-axis. For example, the upper cover is positioned at the
upper part of the z-axis, whereas the lower cover is po-
sitioned at the lower part thereof.
[0034] Fig. 1 is a perspective view illustrating a battery
cell according to an exemplary embodiment and Fig. 2
is a cross-sectional view taken along the IV-IV line of Fig.
1.
[0035] As shown in Figs. 1 and 2, a battery cell 80
according to an embodiment may include an electrode
assembly 10, and a case 26 for accommodating the elec-
trode assembly 10, the case 26 containing an electrolyte.
The battery cell 80 may also include a cap assembly 30
for sealing an opening of the case 26. The battery cell
80 will be described as a non-limiting example of a lithium
ion secondary battery configured to have a prismatic
shape.
[0036] The electrode assembly 10 may be formed as
a jelly roll type of electrode assembly by spirally winding
a positive electrode 11 and a negative electrode 12 with

a separator 13 therebetween. The positive electrode 11
and the negative electrode 12 may respectively include
coated regions of current collectors formed of a thin metal
foil, on which an active material may be coated, and may
respectively include positive and negative electrode un-
coated regions 11 a and 12a of the current collectors on
which no active material is coated. As a non-limiting ex-
ample, the coated region of the positive electrode 11 may
be formed by coating a base material formed of a metal
foil, such as an aluminum foil, with an active material,
such as a transition metal oxide or the like. Also, the
coated region of the negative electrode 12 may be formed
by coating a base material formed of a metal foil, such
as a copper or nickel foil, with an active material, such
as carbon, graphite, or the like.
[0037] The positive electrode uncoated region 11a
may be formed on one lateral end of the positive electrode
11 in a longitudinal direction of the positive electrode 11,
and the negative electrode uncoated region 12a may be
formed on one lateral end of the negative electrode 12
in a longitudinal direction of the negative electrode 12.
The positive electrode uncoated region 11a and the neg-
ative electrode uncoated region 12a may be on sides that
are opposite to each other with respect to the coated
regions. Further, the separator 13 may include a plurality
of separators, which may be spirally wound after the pos-
itive electrode 11, the negative electrode 12, and the sep-
arator 13 are alternately situated. The present invention
is not limited thereto, and the electrode assembly 10 may
be configured to have a structure including a plurality of
sheets of the positive electrode 11, the separator 13, and
the negative electrode 12 that are repeatedly stacked.
[0038] The electrode assembly 10 may be accommo-
dated in the case 26 together with an electrolyte solution.
The electrolyte solution may be made of a lithium salt,
such as LiPF6 or LiBF4 with an organic solvent, such as
EC, PC, DEC, EMC, or EMC. The electrolyte solution
may be in a liquid, solid, or gel state. The case 26 may
be configured to have a substantially cuboidal shape,
and an opening may be formed at one side thereof. The
case 26 may be formed of a metal, such as aluminum.
[0039] The case 26 may include a bottom surface 14
having a substantially rectangular shape, and may in-
clude a pair of first lateral walls, that are wide side sur-
faces 15, 16, and a pair of second lateral walls, that are
narrow side surfaces 17, 18, connected vertically to end
portions of the bottom surface 14, respectively, to form
a space for accommodating the electrode assembly 10.
The first lateral walls 15, 16 may face each other, and
the second lateral 17, 18 walls may be positioned to face
each other and may be connected to the first lateral walls
15, 16. A length of an edge at which the bottom surface
14 and one of the first lateral walls 15, 16 are connected
to each other may be longer than that of an edge at which
the bottom surface 14 and one of the second lateral walls
17, 18 are connected to each other. Preferably, adjacent
first lateral walls 15, 16 and second lateral walls 17, 18
enclose an angle of 90°.

9 10 



EP 3 506 383 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0040] The cap assembly 30 may include a cap plate
31 for covering the opening of the case 26 by being bond-
ed to the case 26, and may include a positive terminal
21 (first terminal) and a negative terminal 22 (second
terminal), which are externally protruded from the cap
plate 31 to be electrically connected to the positive elec-
trode 11 and the negative electrode 12, respectively. The
cap plate 31 may be configured to have a shape of a
plate that may be extended in one direction, and that may
be bonded to the opening of the case 26. The cap plate
31 may include an injection hole 32 and a vent hole 34
that communicate with an interior of the cap assembly
30. The injection hole 32 may be configured to allow in-
jection of the electrolyte solution, and a sealing cap 38
may be mounted thereon or therein. Further, a vent mem-
ber 39 including a notch 39a, which may be opened due
to a predetermined pressure may be mounted to or in
the vent hole 34.
[0041] The positive terminal 21 and the negative ter-
minal 22 may be mounted to protrude upward from the
cap plate 31. The positive terminal 21 may be electrically
connected to the positive electrode 11 via a current col-
lecting tab 41, and the negative terminal 22 may be elec-
trically connected to the negative electrode 12 via a cur-
rent collecting tab 42. A terminal connecting member 25
for electrically connecting the positive terminal 21 and
the current collecting tab 41 may be mounted between
the positive terminal 21 and the current collecting tab 41.
The terminal connecting member 25 may be inserted into
a hole formed at the positive terminal 21, such that a
lower portion thereof may be welded to the current col-
lecting tab 41.
[0042] A gasket 59 for sealing may be mounted be-
tween the terminal connecting member 25 and the cap
plate 31, while being inserted into a hole through which
the terminal connecting member 25 may extend. Further,
a lower insulating member 43, into which the lower por-
tion of the terminal connecting member 25 may be in-
serted, may be mounted under the cap plate 31. A con-
necting plate 58 for electrically connecting the positive
terminal 21 and the cap plate 31 may be mounted be-
tween the positive terminal 21 and the cap plate 31. The
terminal connecting member 25 may be inserted into the
connecting plate 58. Accordingly, the cap plate 31 and
the case 26 may be positively electrified.
[0043] Another terminal connecting member 25, for
electrically connecting the negative terminal 22 and the
current collecting tab 42 may be installed between the
negative terminal 22 and the current collecting tab 42.
The terminal connecting member 25 may be inserted into
a hole formed at the negative terminal 22, such that an
upper portion and a lower portion of the terminal con-
necting member 25 may be, respectively, welded to the
negative terminal 22 and to the current collecting tab 42.
A gasket for sealing, which is similar to the gasket 59,
may be mounted between the negative terminal 22 and
the cap plate 31, while being inserted into the hole
through which the terminal connecting member 25 may

extend. Further, a lower insulating member 45, which is
for insulating the negative terminal 22 and the current
collecting tab 42 from the cap plate 31, may be mounted
under the cap plate 31.
[0044] An upper insulating member 54 for electrically
insulating the negative terminal 22 and the cap plate 31
may be mounted between the negative terminal 22 and
the cap plate 31. The terminal connecting member 25
may be inserted into a hole formed at the upper insulating
member 54. The cap assembly 30 may include a short-
circuiting hole 37, and a short-circuiting member 56 that
may short-circuit the positive electrode 11 and the neg-
ative electrode 12 installed in the short-circuiting hole 37.
The short-circuiting member 56 may be between the up-
per insulating member 54 and the cap plate 31, and the
upper insulating member 54 may be configured to have
a cutout that may be formed at a position corresponding
to the short-circuiting member 56. The short-circuiting
member 56 may overlap the negative terminal 22 ex-
posed through the cutout, and may be separately located.
[0045] Further, the short-circuiting member 56 may be
between the negative terminal 22 and the vent hole 34,
and may be located closer to the negative terminal 22
than to the vent hole 34. The short-circuiting member 56
may include a convexly curved portion that curves toward
the electrode assembly 10, and may include an edge
portion that may be formed at an outside of the curved
portion and fixed to the cap plate 31. The short-circuiting
member 56 may be deformed to cause a short circuit
when an internal pressure of the battery cell 80 rises. In
other words, the internal pressure of the battery cell 80
may rise when a gas is generated by an unwanted reac-
tion in the battery cell 80. When the internal pressure of
the battery cell 80 is increased to be higher than a level
(e.g., a predetermined level), the curved portion may be
deformed to be concavely curved toward an opposite di-
rection, thereby causing the short-circuiting member 56
to contact the negative terminal 22 to cause a short-cir-
cuit.
[0046] Referring to Figs. 3 to 8, a battery module 60,
70 includes a plurality of prismatic (cuboidal) battery cells
80, each comprising a case 26 and an electrode assem-
bly (not shown) accommodated in the case 26. The case
26 is formed of aluminum and has a substantially cuboidal
shape with an opening at its top for inserting the electrode
assembly. The opening is closed by a cap plate 31 com-
prising a vent member 39 placed within a vent opening
(not shown). The case 26 has (first) wide side surfaces
15, 16 and (second) narrow side surfaces 17, 18 facing
each other, respectively.
[0047] Referring to Fig. 3, a battery module 60 accord-
ing to the prior art comprises twelve prismatic battery
cells 80 that are connected in series between a negative
first module terminal 61 and a positive second module
terminal 62. In other words, the battery module 60 has a
12s1p modification. In the battery module 60 the battery
cells 80 are stacked in a stacking direction with their wide
side surfaces 15, 16 such that first lateral walls 15, 16 of
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adjacent battery cells 80 face each other and/or are in
close contact with each other. As a result, the battery
module 60 comprises a rectangular shape with a wide
module side surface 66 extending in the stacking direc-
tion and a narrow module side surface 67 extending per-
pendicular to the stacking direction. One positive and one
negative electrode terminal 21 and 22 of each pair of
neighboring battery cells 80 are electrically connected
through a bus bar 63. Spacers 64 are positioned adjacent
to the outward facing wide side surface 15, 16 of the
outermost battery cells 80 and hence terminate the bat-
tery module 60 in the stacking direction. A ribbon 65 runs
around the battery module 60 and compresses the bat-
tery cells 80 and the spacers 64 in the stacking direction.
In the battery module 60 according to the prior art heat
transport between adjacent cells 80 predominantly oc-
curs via the facing wide side surfaces 15, 16 and via the
busbars 63. Thus, heat of a failed cell 80 easily propa-
gates though the battery module 60.
[0048] Referring to Fig. 4, a battery module 70 accord-
ing to a first embodiment of the present invention com-
prises twelve battery cells 80 that are connected in series
between a negative first module terminal 71 and a second
positive module terminal 72. In other words, the battery
module 70 is designed with a 12s1p configuration. The
battery module 70 has a pair of wide module side sur-
faces 76 and a pair of narrow module side surfaces 77,
wherein the wide module side surfaces 76 extend in a
length direction of the battery module 70. Consequently,
the battery module 70 has an elongated cuboid shape
that extends into the length direction.
[0049] The battery module 70 comprises four rows 78
of battery cells 80, wherein each row 78 comprises three
battery cells 80 that are aligned in the length direction of
the battery module 70 and face each other via their re-
spective narrow cell side surfaces 17, 18. Therein, a pos-
itive terminal 21 of a first battery cell 80 is placed adjacent
to a negative terminal 22 of a second battery cell 80 ad-
jacent to the first battery cell 80. Each of the rows 78 of
battery cells 80 further comprises a first spacer 74a,
wherein the first spacers 74a of adjacent rows 78 are
positioned close to opposing narrow module side surfac-
es 77 of the battery module 70. The first spacers 74 are
of identical height as the battery cells 80 and have narrow
side surfaces of equal extension as the narrow cell side
surfaces 17, 18 and wide side surfaces of half the exten-
sion of the wide cell side surfaces 15, 16 in the module’s
length direction. The polarities of the outermost terminals
21, 22 of the cells 80 of adjacent rows 70 are opposite.
Wherein a first row 78 has an outermost terminal of pos-
itive polarity 22 connected to the positive module terminal
72, an adjacent cell 80 in adjacent row 78 has an outer-
most negative terminal 22.
[0050] Within each row 78, the adjacent pairs of posi-
tive and negative terminals 21, 22 of adjacent cells 80
are each electrically connected via one of a plurality of
eight first busbars 73a. The first busbars 73a are alumi-
num busbars with planar rectangular shape, wherein a

length of the first busbars 73a corresponds to a length
of two cell terminals 21, 22 and wherein a width of the
first busbars 73a corresponds to an extension of a narrow
cell side surface 17, 18.
[0051] A first positive terminal 21 of an outermost cell
80 of the first row 78 is electrically connected to a positive
module terminal 72 that extends over a first spacer 74a
positioned adjacent to this outermost cell 80. An oppos-
ing outermost cell 80 of the first row that is positioned
distant to the positive module terminal 72 comprises an
outermost negative cell terminal 22 that is electrically
connected to a positive cell terminal 21 of an outermost
cell 80 of an adjacent second row 78 via a second busbar
73b. This outermost cell 80 of the second row 78 is po-
sitioned with an offset of half the extension of a wide cell
side surface 15, 16 in the module’s length direction. This
offset is filled with a first spacer 74a such that an outer-
most narrow cell side surface 17 of the outermost cell 80
of the first row and an outermost narrow side surface of
the first spacer 74a of the second row 78 are aligned with
each other. An opposing outermost cell 80 of the second
row 78 that is positioned adjacent to the positive module
terminal 72 comprises an outermost negative cell termi-
nal 22 that is electrically connected to a positive cell ter-
minal 21 of an outermost cell 80 of an adjacent third row
78 via a further second busbar 73b. An opposing outer-
most cell 80 of the third row comprises an outermost neg-
ative cell terminal 21 that is electrically connected to a
positive cell terminal 21 of an outermost cell 80 of an
adjacent fourth row 78 via a further second busbar 73b.
An opposing outermost cell 80 of the fourth row compris-
es an outermost negative cell terminal 21 that is electri-
cally connected to a negative module terminal 71. Here
and in the following the rows 78 are counted starting with
a first row connected to the positive module terminal 72
towards a last (fourth) row 78 connected to the negative
module terminal 71.
[0052] Each of the three second busbars 73b compris-
es an L-shape, with a short leg having an extension that
corresponds to the extension of two narrow cell side sur-
faces 17, 18 in a direction perpendicular to the module’s
length direction and a long leg having an extension that
corresponds to the sum of half the extension of a wide
cell side surface 15, 16 in the module’s length direction,
i.e. the length of a first spacer, and the length of a cell
terminal 21.
[0053] The battery module 70 of Fig. 4 further compris-
es a pair of second spacers 74b that are fitted to the wide
module side surfaces 76 of the battery module 70 and
consists of a lightweight, heat-absorbing and shock-ab-
sorbing material. An elastic ribbon 75 extends around
the wide and narrow module side surfaces 76, 77 and
compresses the battery module 70.
[0054] Referring to Figs. 5 and 6, a battery module 70
according to a second embodiment of the invention com-
prises twelve battery cells 80 that are connected in series
and in parallel a in a 6s2p configuration between a neg-
ative first module terminal 71 and a second positive mod-
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ule terminal 72. As far as the battery module 70 of the
second embodiment is identical to the module 70 of the
first embodiment a further description of the identical fea-
tures is omitted.
[0055] The spatial arrangement of the battery cells 80,
the first spacers 74a, the second spacers 74b and the
ribbon 75 in the module 70 of the second embodiment is
identical to the spatial arrangement of these components
in the module 70 of the first embodiment. In the module
70 of the second embodiment a different electric routing,
i.e. the 6s2p configuration, is realized by another design
of the first busbars 73a, the second busbars 73b and the
first and second module terminals 71, 72.
[0056] Within each row 78 of the module 70 adjacent
pairs of positive and negative terminals 21, 22 of adjacent
cells 80 are each electrically connected via one of a plu-
rality of aluminum first busbars 73a with planar rectan-
gular shape, the length (in the module’s length direction)
of which corresponds to the length of two cell terminals
21, 22. However, the width of the first busbars 73a cor-
responds to the extension of a three narrow cell side sur-
faces 17, 18. Hence, the first busbars 73a extend over
three rows 78 of battery cells 80. As the battery cells 80
of every second row 78 are aligned with each other, the
first busbars 73a further connect two pairs of positive and
negative terminals 21, 22 of adjacent cells, respectively,
in the outer two of these three rows 78. Hence, each first
busbar 73a electrically connect two pairs of battery cells
80 of two distant rows 78 in parallel. The battery cell 80
of the middle row 78 in between the cells 80 electrically
connected in parallel has no terminals 21, 22 protruding
underneath the first busbar 73a. Hence, no electric con-
nection is established between the first busbar 73a and
the middle row 78. However, a vent member 39 of the
battery cell 80 of the middle row 78 is positioned under-
neath the first busbar 78. Thus, each first busbar 73a
comprises a perforation (through opening) 79 for allowing
a hot vent-gas jet of the cell 80 to be emitted in a space
above the module 70. As each first busbar 73 connects
two pairs of adjacent cells 80 in series, the battery module
70 comprises a total of only four first busbars 73a.
[0057] A single second busbar 73b electrically con-
nects distinct rows 78 of battery cells 80, i.e. outermost
cells 80 of distinct rows, in series, and at the same time
electrically connects other distinct rows 78 of battery cells
80, i.e. outermost cells 80 of other distinct rows, in par-
allel. The single second busbar 73b has an F-shape with
a single leg extending in a direction perpendicular to the
length direction of the battery module 70 and two further
legs extending in the length direction of the battery mod-
ule 70. The single leg has a length corresponding to the
extension of four narrow cell side surfaces 17, 18 and a
width corresponding to the extension of a cell terminal
21, 22 in a length direction of the module 70. Each of the
further legs has a length corresponding to the sum of half
the extension of a wide cell side surface 15, 16 in the
module’s length direction, i.e. the length of a first spacer
74a, and the length of a cell terminal 21, 22. Each of the

further legs has a width corresponding to the extension
of a cell terminal 21, 22 perpendicular to a length direction
of the module 70. The second busbar 73b electrically
connects the first row 78 in parallel with the third row 78
and electrically connects the first and second row 78 and
the third and fourth row 78 in series.
[0058] The first and second module terminal 71, 72 of
the battery module 70 of the second embodiment each
comprises a pole section 71a, 72a that is configured to
be connected to an external load circuit and a contact
section 71b, 72b that is configured to electrically connect
distinct rows 78 of cells 80 in parallel. As shown in Figs.
5 and 6, the pole sections 71a, 72a are configured as
metal cylinders set on top of the planar contact sections
71b, 72b.
[0059] The contact section 71 b of the first module ter-
minal 71 is a planar rectangular aluminum strip that ex-
tends in a direction perpendicular to the module’s length
direction and has a length that corresponds to the exten-
sion of three narrow cell side surfaces 17, 18. The contact
section 71b of the first module terminal 71 thus electrically
connects in parallel the negative cell terminals 22 of out-
ermost cells 80 of the second and fourth row 78 and ex-
tends over the first spacer 74a of the third row 78.
[0060] The contact section 72b of the second module
terminal 72 is a planar and essentially L-shaped alumi-
num strip with a first leg extending in the module’s length
direction and a second leg extending perpendicular to
the module’s length direction. The first leg has a length
that corresponds to the sum of half the extension of a
wide cell side surface 15, 16, i.e. the extension of a first
spacer 74a, in the module’s length direction and the
length of a cell terminal 21. The second leg has a length
that corresponds to the extension of three narrow cell
side surfaces 17, 18. The first leg comprises the second
pole section 72a and extends over the first spacer 74a
of the first row 78 to the positive terminal 22 of an outer-
most cell of the first row 78. The second leg extends over
an outermost cell 80 of the second row 78 and towards
the positive terminal 22 of an outermost cell 80 of the
third row 78 and thus electrically connects the first and
third row 78 in parallel. The second leg also comprises
a semicircular recess configured to be aligned with the
vent member 39 of the outermost cell 80 of the second
row 78 to allow a hot vent-gas het to be emitted by the
vent member 39.
[0061] Referring to Figs. 7 and 8, a battery module 70
according to a third embodiment of the invention com-
prises eighteen battery cells 80 that are connected in
series and in parallel in a 6s3p configuration between a
negative first module terminal 71 and a second positive
module terminal 72. As far as the battery module 70 of
the third embodiment is similar to the module 70 of the
former embodiments a further description of identical fea-
tures is omitted.
[0062] The arrangement of the battery cells 80, the first
spacers 74a, the second spacers 74b and the ribbon 75
in the module 70 of the third embodiment is similar to the

15 16 



EP 3 506 383 A1

10

5

10

15

20

25

30

35

40

45

50

55

arrangement of these components in the module 70 of
the second embodiment. The module 70 of the third em-
bodiment differs from that of the second embodiment in
that it comprises six rows 78 of battery cells 80, wherein
each row 78 comprises three battery cells 80 connected
in series.
[0063] While the electrical routing within the rows 78
of the battery module 70 according to the third embodi-
ment is essentially equal to the electrical routing within
the rows 78 of the battery module 70 of the second em-
bodiment, the electrical routing of cells 80 of distinct rows
differs in that cells 80 of three rows 78 are electrically
connected in parallel in the battery module 70 according
to the third embodiment. This different electric routing,
i.e. the 6s3p configuration, is again realized by an amend-
ed design of the first busbars 73a, the second busbar
73b and the first and second module terminals 71, 72
based on the second embodiment.
[0064] Again within each row 78, adjacent pairs of pos-
itive and negative terminals 21, 22 of adjacent cells 80
are each electrically connected via one of a plurality of
aluminum first busbars 73a with planar rectangular
shape, the length (in the module’s length direction) of
which corresponds to the length of two cell terminals 21,
22. However, the width of the first busbars 73a corre-
sponds to the extension of five narrow cell side surfaces
17, 18. Hence, the first busbars 73a extend over five rows
78 of battery cells 80. The battery cells 80 of every second
row 78 are aligned with each other, and hence the first
busbars 73a further connect two triples of positive and
negative terminals 21, 22 of adjacent cells in the first,
third and fifth rows 78 of module 70. Hence, the first bus-
bars 73a electrically connect battery cells 80 of three dis-
tant rows 78 in parallel. The battery cells 80 of the second
and fourth row 78 in between the connected cells 80 have
no terminals 21, 22 protruding underneath the first bus-
bars 73a and thus no electric connection is established
between the first busbar 73a and these rows 78. In the
third embodiment, the first busbars 73a further comprise
two perforations 79 for allowing vent-gas of the cells 80
of the second and fourth row 78 to be emitted. Again the
battery module 70 comprises a total of four first busbars
73a.
[0065] A single second busbar 73b electrically con-
nects the first, third and fifth row 78 in parallel and elec-
trically connects the first and second, the third and fourth
and the fifth and sixth row 78 in series. The single second
busbar 73b has an E-shape with a single leg extending
in a direction perpendicular to the length direction of the
battery module 70 and three further legs extending in the
length direction of the battery module 70. The single leg
has a length corresponding to the extension of six narrow
cell side surfaces 17, 18 and a width corresponding to
the extension of a cell terminal 21, 22 in a length direction
of the module 70 and thus extends over all rows 78 of
the battery module 70. Each of the further legs has a
length corresponding to the sum of half the extension of
a wide cell side surface 15, 16 in the module’s length

direction, i.e. the length of a first spacer 74a, and the
length of a cell terminal 21, 22 and a width corresponding
to the extension of a cell terminal 21, 22 perpendicular
to a length direction of the module 70. The further legs
are aligned with the second, fourth and sixth row 79, re-
spectively.
[0066] The first and second module terminal 71, 72 of
the battery module 70 of the third embodiment again com-
prises a pole section 71a, 72a and a contact section 71b,
72b. The contact section 71b of the first module terminal
71 is a planar rectangular aluminum strip that extends in
a direction perpendicular to the module’s length direction
with a length that corresponds to the extension of five
narrow cell side surfaces 17, 18 and connects the neg-
ative cell terminals 21 of the outermost cells 80 of the
second, fourth and sixth row 78 in parallel, while it ex-
tends contactless over the first spacers 74a of the third
and fifth row 78.
[0067] The contact section 72b of the second module
terminal 72 is similar to that of the second embodiment
but has a second leg with a length that corresponds to
the extension of five narrow cell side surfaces 17, 18 and
extends contactless over the outermost cells 80 of the
second and fourth row 78 and towards positive terminals
21 of outermost cells 80 of the third and fifth row 78 for
electrically connecting first, third and fifth row 78 in par-
allel. The second leg comprises two semicircular recess
configured to be aligned with the vent member 39 of the
outermost cells 80 of the second and fourth rows 78 to
allow venting of a hot vent-gas jet.
[0068] If a failed battery cell 80 of a battery module 70
of one of the first to third embodiment is located in the
middle of the battery module 70, then its heat is absorbed
by six adjacent cells 80, four of which are part of adjacent
rows 78 and connected to the failed cell 80 via wide cell
side surfaces 15, 16 and two of which are connected to
the failed cell 80 via first busbars 73a. In contrast, if a
cell 80 fails in the middle of the conventional module 60
shown in Fig. 3, only two adjacent cells 80 that are each
connected through a wide cell side surface 15, 16 and a
busbar 63 absorb the heat of the failed cell 80. Hence,
in the battery module 70 according to the invention each
adjacent battery cell 80 takes only up 1/4 to 1/6 of the
heat from the failed cell 80. In contrast, in the conven-
tional module 60 of Fig. 3 each adjacent cells 80 takes
up 1/2 of the heat of the failed cell 80. Thus, an adjacent
cell 80 less probably enters into thermal runaway in the
battery module 70 of the invention compared to a con-
ventional module 60.
[0069] If a failed battery cell 80 of a battery module 70
of one of the first to third embodiment is on the edge of
the battery module 70, than at least two adjacent cells
80, the first spacer 74a and the second spacer 74b ab-
sorb the heat from the thermal runaway reaction. If the
failed cell 80 is on the edge of the module 60 of Fig. 3,
then only one adjacent cell 80 and the spacer 64 absorb
the heat. Again, the heat distribution is more even in the
battery module 70.
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Claims

1. A battery module (70), comprising:

a plurality of rows (78) of battery cells (80), each
battery cell (80) comprising a prismatic battery
case (26) with a bottom surface (14), a first pair
of wide side surfaces (15,16) and a second pair
of narrow side surfaces (17,18);
a plurality of first busbars (73a) and at least one
second busbar (73b), the busbars (73a,73b) be-
ing configured for electrically connecting battery
cells (80),
wherein adjacent battery cells (80) within a row
(78) face each other via their narrow side sur-
faces (17,18) and adjacent battery cells (80) of
adjacent rows (78) face each other via their wide
side surfaces (15,16), and
wherein adjacent battery cells (80) within a row
(78) are electrically connected in series via one
of the plurality of first busbars (73a) and distinct
rows (78) are electrically connected in series via
at least one second busbar (73b).

2. The battery module (70) of claim 1, wherein the rows
(78) extend in parallel to a length direction of the
battery module (70).

3. The battery module (70) of claim 1 or 2, wherein the
battery cells (80) of adjacent rows (78) are shifted
against each other in a direction parallel or antipar-
allel to a length direction of the battery module (70).

4. The battery module (70) according to any one of the
preceding claims, wherein an offset between battery
cells (80) of adjacent rows (78) corresponds to half
of the extension of a wide cell side surface (15,16)
in a length direction of the battery module (70).

5. The battery module (70) according to any one of the
preceding claims, wherein an offset between outer-
most battery cells (80) of adjacent rows (78) is filled
with a first spacer (74a).

6. The battery module (70) according to claim 5, where-
in each row (78) comprises a first spacer (74a).

7. The battery module (70) according to any one of the
preceding claims, wherein the polarities of outermost
battery cells (80) of adjacent rows (78) are opposite.

8. The battery module (70) according to any one of the
preceding claims, wherein the first busbars (73a) are
further configured to electrically connect battery cells
(80) of distant rows (78) in parallel.

9. The battery module (70) according to claim 8, where-
in the first busbars (73a) each comprise a perforation

(79) configured to be aligned with a vent member
(39) of a battery cell (80) in between the electrically
connected distant rows (78).

10. The battery module (70) according to any one of the
preceding claims, wherein the at least one second
busbar (73b) is further configured to electrically con-
nect distant rows (78) in parallel.

11. The battery module (70) according to any one of the
preceding claims, wherein the battery cells (80) are
connected in series and/or in parallel between a first
module terminal (71) and a second module terminal
(72).

12. The battery module (70) according to claim 10,
wherein each of the first and second module terminal
(71,72) comprises a pole section (71a,72a) config-
ured to be connected to an external load circuit and
a contact section (71b,72b) configured to electrically
connect battery cells (80) of distinct rows (78) in par-
allel.

13. The battery module (70) according to claims 8, 10
and 12, wherein the amount of battery cells (80) elec-
trically connected in parallel by one of the first bus-
bars (73a), the at least one second busbar (73b) and
each contact section (71b,72b) of the first and sec-
ond module terminal (71,72) is equal.

14. The battery module (70) of any one of the preceding
claims, comprising a first pair of wide module side
surfaces (76) and a second pair of narrow module
side surfaces (77), wherein the wide module side
surfaces (76) extend in a length direction of the bat-
tery module (70).

15. The battery module (70) according to claim 14, com-
prising a pair of second spacers (74b) aligned with
the wide module side surfaces (76) and/or a ribbon
(75) extending around the wide and narrow module
side surfaces (76,77).

Amended claims in accordance with Rule 137(2)
EPC.

1. A battery module (70), comprising:

a plurality of rows (78) of battery cells (80), each
battery cell (80) comprising a prismatic battery
case (26) with a bottom surface (14), a first pair
of wide side surfaces (15,16) and a second pair
of narrow side surfaces (17,18);
a plurality of first busbars (73a) and at least one
second busbar (73b), the busbars (73a,73b) be-
ing configured for electrically connecting battery
cells (80),

19 20 



EP 3 506 383 A1

12

5

10

15

20

25

30

35

40

45

50

55

wherein adjacent battery cells (80) within a row
(78) face each other via their narrow side sur-
faces (17,18) and adjacent battery cells (80) of
adjacent rows (78) face each other via their wide
side surfaces (15,16),
wherein adjacent battery cells (80) within a row
(78) are electrically connected in series via one
of the plurality of first busbars (73a) and distinct
rows (78) are electrically connected in series via
at least one second busbar (73b), and
wherein the battery cells (80) of adjacent rows
(78) are shifted against each other in a direction
parallel or antiparallel to a length direction of the
battery module (70).

2. The battery module (70) of claim 1, wherein the rows
(78) extend in parallel to a length direction of the
battery module (70).

3. The battery module (70) of claim 1 or 2, wherein an
offset between battery cells (80) of adjacent rows
(78) corresponds to half of the extension of a wide
cell side surface (15, 16) in a length direction of the
battery module (70).

4. The battery module (70) according to any one of the
preceding claims, wherein an offset between outer-
most battery cells (80) of adjacent rows (78) is filled
with a first spacer (74a).

5. The battery module (70) according to claim 4, where-
in each row (78) comprises a first spacer (74a).

6. The battery module (70) according to any one of the
preceding claims, wherein the polarities of outermost
battery cells (80) of adjacent rows (78) are opposite.

7. The battery module (70) according to any one of the
preceding claims, wherein the first busbars (73a) are
further configured to electrically connect battery cells
(80) of distant rows (78) in parallel.

8. The battery module (70) according to claim 7, where-
in the first busbars (73a) each comprise a perforation
(79) configured to be aligned with a vent member
(39) of a battery cell (80) in between the electrically
connected distant rows (78).

9. The battery module (70) according to any one of the
preceding claims, wherein the at least one second
busbar (73b) is further configured to electrically con-
nect distant rows (78) in parallel.

10. The battery module (70) according to any one of the
preceding claims, wherein the battery cells (80) are
connected in series and/or in parallel between a first
module terminal (71) and a second module terminal
(72).

11. The battery module (70) according to claim 9, where-
in each of the first and second module terminal
(71,72) comprises a pole section (71a,72a) config-
ured to be connected to an external load circuit and
a contact section (71b,72b) configured to electrically
connect battery cells (80) of distinct rows (78) in par-
allel.

12. The battery module (70) according to claims 7, 9 and
11, wherein the amount of battery cells (80) electri-
cally connected in parallel by one of the first busbars
(73a), the at least one second busbar (73b) and each
contact section (71b,72b) of the first and second
module terminal (71,72) is equal.

13. The battery module (70) of any one of the preceding
claims, comprising a first pair of wide module side
surfaces (76) and a second pair of narrow module
side surfaces (77), wherein the wide module side
surfaces (76) extend in a length direction of the bat-
tery module (70).

14. The battery module (70) according to claim 13, com-
prising a pair of second spacers (74b) aligned with
the wide module side surfaces (76) and/or a ribbon
(75) extending around the wide and narrow module
side surfaces (76,77).
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