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SPACE-OPTIMIZED STRUCTURE OF A BATTERY MODULE

Technical field

The present invention relates to battery technology, and packing principles of bat-
teries linked also to their physical structure. Secondarily, the present invention re-
lates to various applications, where the presented battery module can be used; such
as electric cars, other electrically driven vehicles, and rechargeable electric energy
storage systems.

Background

Limited space is a very basic and common problem or at least a restrictive condition,
when designing batteries and battery assemblies for a variety of usages. Especially
for electrically driven vehicles, such as electric cars, this problem is a crucial bound-
ary condition in the whole design process. The same problem relates to all situations
where the battery assembly needs to be fit in a given shaped housing (e.g. in vol-
umes determined by non-planar walls) or in a very limited space within the housing
of the device. The required battery assemblies may need to have a relatively large
size compared to a volume of the whole vehicle or of the other type of housing in
order to ensure enough battery capacity and power, and therefore, the energy den-
sity is usually desired to be maximized for the battery assembly in view of the used
volume. In other words, spare volume or volumes with no functional effects within
the whole battery assembly are desired to be minimized.

Pouch cells have been known since 1995. They comprise conductive foil tabs
welded to respective electrodes, sealed in a pouch structure where the positive and
negative terminals are carried outside of the pouch. The electrodes can be sepa-
rated by e.g. insulating foils, and the electrodes can be pressed in a compact man-
ner in a roll-form or in a stack-form to the relatively thin pouch. The basic form of a
pouch cell is rather thin, planar piece of plate, where the positive and negative ter-
minals are extruded from one thin edge of the pouch cell, or possibly from opposite
edges.

In prior art, battery assemblies can be determined to comprise battery modules,
where each battery module comprises a group of battery elements.
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A second problem in pouch cell typed battery assembilies is to ensure proper con-
nections between groups of terminals and also create a battery structure which re-
mains solid, intact and properly working under external forces which can be quite
high in vehicular use situations.

In prior art, there have been presented certain mechanical means to connect re-
spective terminals of the two adjacent pouch cell elements with a metal plate. “An
assembly process for A123 20Ah Dbattery pack®’, presented in
WHpsiw outut i3, shows this structure, where two

)

pouch cells wrth extruded pIanar terminal pieces can be entered through holes of an
insulating end plate, and the terminal pieces can be bent 90 degrees onto the insu-
lating end plate, where an added metallic piece can be screwed on top of the bent
sections, ensuring good electric connection between the two terminals of the adJa-
cent pouch cells. For the same battery pack WWW-page hiigs

g
08

nectlng prrncrple between insulating end pieces, which have screw holes for con-
necting the desired terminals with a metallic piece. The longitudinal insulating end

pieces can be connected together a bit like a jigsaw puzzle’s pieces.

The battery manufacturer EIG has presented a cassette-like pouch cell arrange-
ment, see WWW-page hitpifibost { I

him. The EIG structure comprises a plastics-made frame- type of structure which
is the bIack piece of material in Fig. 10 of the image gallery. As e.g. Fig. 9 shows,
the electrode connections can be seen as metallic end tabs where a part of the tab
has been bent 90 degrees on top of a black frame section. The frame-type of a
housing is open mostly on the larger planar surface of the pouch cell. Electrode
connections are accessible externaIIy EIG also presents an "angled” connecting
piece, see sy 33748, where adja-
cent battery elements can be serlaIIy connected to form a larger battery module.
There are actually two sets of serially connected batteries if a connecting piece of
EIG is applied, like shown in the referred figures.

fd 1O 2031 T

,/ -
oo
0
.
A

Cassette-based solutions have a drawback, where the energy density will decrease
because the usually plastics-made cassette material will take room from the effec-
tive battery volume (where the chemical reactions will occur). Furthermore, ultra-
sonic welding would not be possible in the battery terminal connections between
adjacent battery cells.
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In another piece of prlor art, a bIog by Formula SAE team, see it i
svbrock hiogspot com/@ 4/ fsas-halleries i, they have a battery structure
where a large plate (yeIIow one in the WWW—page) with holes is placed on top of
the pouch cells, and longer bars are making the connections between the electrodes
possible along the longest dimension of the box. In the orthogonal end surfaces,
there are two support structures shaped as dual rhombus-shaped elements, while
the opposite support structures are connected by four direct rods per a module.
Thus, the battery structure becomes tightly connected.

Among patent application and utility model publications, CN 203521512 U discloses
a battery module structure where lower and upper fixing blocks 41, 42 are applied
(see Figure 4). Figure 3 also shows a connection structure for the battery module’s
electrodes, where two similar connecting pieces 32 are placed “around” an insulat-
ing piece 31 during the assembly of the arrangement.

CN 109301125 discloses a battery module structure of electric forklift and battery
pack. There is an insulating fixing frame 5 comprising a first card row 51 and a sec-
ond car row 52 where this fork-shaped fixing frame 5 is arranged to fix the electrodes
together, see the arrangement on top of the pouch cells in Fig. 4.

US 10,734,617 (“Sakai”) discloses a battery module structure and assembly method
for a group of pouch cells. Especially Figures 10-13 illustrate the assembly method,
where a holed plate (i.e. cover 40) is applied on top of the batteries’ side, where the
terminal ends are extruded. Tabs 51 are inserted thereafter which are plate-like con-
nection members for electrically connecting the positive and/or the negative leads.
After connecting the tabs 51, the extruded parts can be bent 90 degrees to align
with the cover’s surface direction. This connection arrangement is applied at a mod-
ule level. The resulting product is a highly vibration-resistant battery module for e.g.
vehicular use.

One solution in binding the battery cells together is to use a jelly-type of filling ma-
terial between the pouch cells. This application works so that appropriate liquid ma-
terial is filled in the battery module to all air spaces (i.e. air gaps) around and be-
tween the battery cells; when the liquid solidifies, it will result in a jelly-type of mate-
rial acting as a binder between the battery cells. This method has problems when
concerning maintainability of the battery module, as it is truly troublesome to remove
the battery cells from one another after the jelly has been solidified. Another problem
is that it is hard to add the liquid substance to all open gaps (i.e. volumetric areas)
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of the structure in an uniform manner because the interior of the battery module may
include complex shapes; thus, the resulting battery module may not be uniform re-
sulting in quality variance across the structure.

As highlighted by the above prior art, a main problem in battery modules designed
for vehicular use, is the tolerability for high vibration levels i.e. high forces. Another
problem arising from small available spaces in the vehicles is the need to design a
battery with optimal i.e. high energy density. This leads into a requirement where
excessive volumes outside the actual functional physical parts of the battery are
desired to be minimized. The connections between adjacent pouch cells need some
excessive space, and the wirings, (current) rails and other electronics designed for
e.g. measurements as well, and also the possible outflowing gases need some
space within the battery module. However, the desire is to minimize the ratio of such
spaces in view of the whole volume of the battery module.

While the prior art shows some structures of different connection arrangements be-
tween the pouch cell -typed battery elements, there is still room to show a scalable
battery module, which is especially efficient concerning energy density and which is
applicable especially in various vehicular uses, such as in electric cars and electric
(motor driven) sleds, i.e. electric snowmobiles, and in rechargeable electric energy
storage systems.

Summary

The present invention introduces a battery module comprising battery cells, where
the energy density within the battery module is maximized in view of the used vol-
ume. The maximization or at least optimization of the energy density is made pos-
sible by minimizing the space outside the actual pouched electrodes by bending
terminal tabs in a desired way, and applying an excess part i.e. a fastening portion
adjacent to the edge of the pouch cell where at least one terminal tab of the pouch
cell locates. The fastening portions will rigidify the internal structure of the battery
module by ensuring easier connections between battery terminals in a desired way.
The fastening portion or at least its outer surface is made from electrically insulating
material.

In other words, the present invention discloses, in its first aspect, a battery module,
comprising:
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— a plurality of battery cells, which are in a form of pouch cells, and which are
stacked and/or piled next to each other in a horizontal direction;

— each battery cell comprising a positive terminal tab (7) and a negative termi-
nal tab (8) extruding from opposite edges of the battery cell, or from a same
edge of the battery cell.

The battery module is characterized in that the battery module further comprises:

— a fastening portion (1) per one battery cell, which fastening portion (1) is a
longitudinally shaped element, and where the fastening portion (1) is placed
along the edge of the battery cell where the positive or the negative terminal
tab (7, 8) locates, right adjacent to the respective terminal tab (7, 8);

— the positive and negative terminal tabs (7, 8) are configured to be bent in a
folded fashion on top of a surface of the longitudinal shaped fastening portion
(1); wherein

— the fastening portion (1) is configured to hinder movement of the battery cells
in an orthogonal direction compared to the longest dimension of the fastening
portion (1); and wherein

— a desired number of battery cells are configured to be placed adjacently
within the battery module so that respective fastening portions (1) aligned in a
parallel direction create support for the battery module, with a maximized en-
ergy density per volume provided for the battery module.

The present invention discloses, in its second aspect, a manufacturing method for
a battery module, comprising the following steps of:

— stacking and/or piling a plurality of battery cells next to each other in a hori-
zontal direction, which battery cells are in a form of pouch cells, wherein each
battery cell comprising a positive terminal tab (7) and a negative terminal tab
(8) extruding from opposite edges of the battery cell, or from a same edge of
the battery cell.

This (i.e. the first) manufacturing method is characterized in that

— inserting a fastening portion (1) per one battery cell, which fastening portion
(1) is a longitudinally shaped element, and where the fastening portion (1) is
placed along the edge of the battery cell where the positive or the negative
terminal tab (7, 8) locates, right adjacent to the respective terminal tab (7, 8),
— bending the positive and negative terminal tabs (7, 8) in a folded fashion on
top of a surface of the longitudinal shaped fastening portion (1),
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— making required connections between desired terminal tabs (7, 8) and the
fastening portions (1),

— building battery cells in several rows and layers if desired, where a single
fastening portion (1) may also extend over several rows of battery cells hori-
zontally, and

— placing the inter-connected battery module within an outer housing (11).

The present invention discloses, in its third aspect, a manufacturing method for a
battery module, comprising the following steps of:
— stacking and/or piling a plurality of battery cells next to each other in a hori-
zontal direction, which battery cells are in a form of pouch cells, wherein each
battery cell comprising a positive terminal tab (7) and a negative terminal tab
(8) extruding from opposite edges of the battery cell, or from a same edge of
the battery cell.

This (i.e. the second) manufacturing method is characterized in that
— bending the positive and negative terminal tabs (7, 8) in a folded fashion, so
that there is free vertical space between the horizontally bent terminal tab (7,
8) and a top edge of the battery cell,
— inserting a fastening portion (1) per one battery cell with a horizontal move-
ment into the free vertical space, which fastening portion (1) is longitudinally
shaped, so that the horizontally bent terminal tabs (7, 8) locate right above a
top surface of the fastening portion (1),
— making required connections between desired terminal tabs (7, 8) and the
fastening portions (1),
— building battery cells in several rows and layers if desired, where a single
fastening portion (1) may also extend over several rows of battery cells hori-
zontally, and
— placing the inter-connected battery module within an outer housing (11).

Several different embodiments are disclosed in dependent claims, and in the de-
tailed description below.

Brief description of the drawings

FIG. 1 illustrates a single battery cell applicable in the present invention, with certain
relevant dimensional parameters shown,
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FIG. 2 illustrates a structure between two adjacent battery modules according to an
example of the present invention, introducing a fastening portion,

FIG. 3 illustrates a cross-sectional view from the edge of the battery cell, showing a
possible bending principle for the positive and negative terminal tabs,

FIG. 4 illustrates an assembly method for a battery module, showing possible con-
nection tools and a housing shape as examples of the present invention,

FIG. 5 illustrates a closed battery module in a finished rectangularly shaped box,
and

FIG. 6 illustrates the closed battery module in a finished rectangularly shaped box
as a direct side-view, and as an inner cross-section along the direction of a plane of
a battery cell within the battery module.

Detailed description

The present invention introduces an efficient packaging method of battery cells
which are in the form of pouch cells. In the context of the present invention, a number
of battery cells can be grouped and connected in a desired manner to form a battery
module. The battery module itself forms a main part of the present invention. The
inventive idea also comprises an aspect where a larger battery module is built, com-
prising at least two battery cell rows and/or layers placed in a desired, scalable ar-
rangement. In its simplest form, the battery module according to the present inven-
tion comprises a single group (= row) of adjacent, parallel battery cells (i.e. pouch
cells), together with a structure and elements discussed further in the following. This
group of battery cells is placed in a horizontal direction, where a single pouch cell’s
plane locates in a vertical direction. This group of cells is tightly stacked together in
the horizontal direction for avoiding spare volumes within the battery module. In this
way also the terminals will locate on the top edge, or in some embodiments, also in
the bottom edge of the pouch cells. A battery pack can be said to comprise at least
two layers of battery modules in the Y direction. However, we can also define that
any number of layers can be implemented for a battery module; the size of the ad-
jacent battery cell group rows in X direction, and the number of layers in Y direction
may just vary. It is notable that a single layer of grouped battery cells according to
the invention may be provided with some further mechanical parts or layers, and
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electronics as well, on top of it. These added mechanical parts, components, and
wirings can locate on some other outer surface of the battery module as well. There-
fore, the one- or plurality-layered battery module may comprise also these mechan-
ical parts and electronics (not shown in the Figures). However, in the sense of the
present invention, we concentrate on optimizing the energy density by using folded
terminal tabs and a fastening portion in appropriate locations within the battery mod-
ule.

The main goal of the present invention is to present a structural concept for a battery
module comprised of pouch cells, where certain dimensional optimization criteria
are met for optimizing effective energy density in view of the space required by the
whole battery module. Such “volumetric efficiency” is highly beneficial for various
battery use scenarios e.g. within electric cars, electric sleds i.e. snowmobiles and
other electric vehicles, machinery and devices, for instance.

We next refer to the embodiments of the present invention shown in Figures 1-6.

FIG. 1 illustrates a single battery cell applicable in the present invention, with certain
relevant dimensional parameters shown. The view is directly towards a large planar
surface of a pouch cell -typed battery cell. The shape of a shown battery element,
i.e. the dimensional ratio between the height and the width of the battery cell, is
merely exemplary. FIG. 1 shows a planar, relatively thin, battery cell which com-
prises two “extruded” physical parts sticking out of the cell, namely a positive termi-
nal tab 7 and a negative terminal tab 8. In this embodiment, the terminal tabs 7, 8
locate on a same edge of the rectangular battery cell but it is alternatively well pos-
sible that a first terminal tab locates on an opposite edge of the battery cell than a
second terminal tab. The present invention is applicable to both of these situations.

A pocket for gases 9 locates right at the top of the main body of the effective volume
comprising electrodes in a stacked or rolled form. Thus, the pocket for gases 9 also
locates right adjacent to the extruded terminal tabs 7, 8. The pocket of gases 9 is a
spare volume right beside the battery cell, which enables gases created within the
battery cell to gather without breaking the battery cell structure through excessive
pressure.

FIG. 1 also shows some dimensional parameters of a single battery cell, namely:

— cell width X1 of the battery cell, without outer housing
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— total width X, with the outer housing

— cell height Y1

— height of supporting flange Y2

— height of the terminal tabs Y3 connected to the top of the supporting flange

— total height Y of the battery module in case the terminal tabs are not bent,
the total height Y consisting Y1, Y2 and Y3 together with the bottom housing
thickness (in case no gaps / spare room is left internally within the structure).

Now proceeding to some of the key elements in the present invention, FIG. 2 illus-
trates a structure between two adjacent battery cells according to an example of the
present invention, introducing a fastening portion 1. Two adjacent battery cells are
shown, shaped as rectangular and thin pieces aligned in a vertical direction. On the
top edge of the battery cell, there are a positive terminal tab and a negative terminal
tab connected to a vertically shaped flange 2 along the top edge. The flange thus
works as an intermediate piece between the electrodes in the pouch cell and the
extruded terminal tabs. In this embodiment, the right hand side battery cell is flipped
compared to the left hand side battery cell so that the negative and the positive
terminal tabs are in opposite order between the two cells (as seen in the Figure).
Thus, the positions of the positive and negative terminal tabs change in an alternat-
ing fashion when looking an arranged (i.e. stacked) group of the battery cells from
the first element to the last element in the battery module, in this embodiment.

Other planar (i.e. layer-like) elements within the battery module are a compression
pad 4 (e.g. a layer made of cellular rubber, which can be a relatively thin piece of
cellular rubber) and a thermally conductive fin 3, in the embodiment shown in FIG.
2. Additionally, there can be an electrically insulating layer or film between the bat-
tery cell and the thermal fin 3. For the first mentioned element, a compression pad
4 can be placed between each planar, adjacent surfaces of adjacent battery cells,
enabling uniform compression pressure between the battery cells. In an alternative
solution, the compression pad 4 may be made of some other elastic material in-
stead, enabling smoothening of the forces applied to the surface of this material.
For the second mentioned element, the thermally conductive fin 3 can be made of
metal, like e.g. aluminium, or of graphite, and the thermally conductive fin 3 can be
placed in selected gaps between adjacent battery cells, improving thermal energy
transfer within the battery module. In other words, the thermally conductive fin 3 may
locate in each of the gaps between adjacent battery cells, or only in some, i.e. se-
lected ones, of them. The material of the fin 3 itself can in principle be any material
which conducts heat well, so thus, the thermally conductive fin 3 can be called as
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“thermally conductive material” as well. The main purpose is to offer proper and
sufficient paths for the emerging excessive heat, due to the chemical reactions in
the battery cells, to be transferred outside of the battery module. The thermally con-
ductive fins 3 will smoothen the possible thermal energy peaks within some parts of
the battery module by moving the excessive heat to cooler areas within the battery
module, and eventually, to the outer housing of the battery module and to the ambi-
ent environment around the battery module.

The thermally conductive fin 3 may thus be made of metal, which has good thermal
conductivity, and which is also well load-bearing structurally. Such a metal may be
selected to be aluminium (as mentioned above), but other metals may also be se-
lected if desired.

Proceeding to other components, the structure shown in FIG. 2 illustrates a horizon-
tally aligned, longitudinal piece, i.e. a fastening portion 1. It is designed to fit each
gap between adjacent top edges of the battery cells, beside (i.e. between) the
flanges 2 of two consecutive battery cells. The fastening portion 1 may be manufac-
tured from electrically insulating material, such as plastic. In an embodiment, the
fastening portion 1 comprises screw holes allowing connections of metal-fabricated
terminal tabs 7, 8 on top of the fastening portion 1. Furthermore, the fastening por-
tion 1 may comprise screw holes on its end surfaces in order to enable connections
with the outer housing of the battery module from the outside. Furthermore, in an
embodiment, the fastening portion 1 may comprise hollow sections in its design (an
example is shown; other hollow designs are possible as well) for lightening the vol-
umetric density, and thus, the weight of the fastening portion 1. Yet in another em-
bodiment, the fastening portion may be manufactured from an electrically conduc-
tive material, such as metal, but it is finally coated with electrically insulating mate-
rial, such as plastic or other hard polymer.

Also shown in FIG. 2, there are connecting means (i.e. connectors) enabling con-
nections between aligned terminal tabs of two consecutive battery cells, and also
for connecting these terminal tabs to the rigidifying fastening portion 1. In this exam-
ple, the connecting means are formed by a mechanically attached clamp joint 5, 6,
which can be applied to terminal tabs 7, 8; once they have been folded i.e. bent 90
degrees to form a horizontal tab section. The clamp joint 5, 6 applies spring force to
the applied section of the terminal tab 7, 8 which enhances the electrical connection
there. Through bending of the extruded portions of the terminal tabs, the inner vol-
ume of the battery module will be well spared which means that the efficient battery
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volume (where the electrochemical reactions take place) will form a bigger portion
among the whole volume of the battery module (defined by its outer “walls” i.e. the
outer housing). This is a crucial thing in optimizing the energy density of the battery
module, as we have discussed earlier, and it is especially relevant in vehicular bat-
tery assemblies.

In yet another embodiment, the connection is not a clamp joint, but rather a joint
created by a laser welding method, or a joint created by an electromagnetic pulse.
Furthermore, resistance welding, or soldering, or glueing are also possible methods
in some other embodiments of the invention. In yet another embodiment, the con-
nection method can be ultrasonic welding, which indeed requires a rigid counter-
part element underneath the connected terminal tabs 7, 8. The required counter-
part element can be temporarily inserted for this role in an intermediate space after
the terminal tabs 7, 8 have been bent 90 degrees, and folded on top of one another.
The counter-part element thus supports the ultrasonic welding action right below the
folded terminal tabs 7, 8. Then the counter-part element can be removed and the
fastening portion 1 can thereafter be inserted horizontally in this intermediate space,
so that folded and connected terminal tabs 7, 8 will be settled right on top of the
upper surface of the fastening portion 1.

FIG. 3 illustrates a cross-sectional view from the edge of the battery cell, showing a
possible bending principle for the positive and negative terminal tabs. The high-
lighted part A shows the top area of the battery cell with the flange where the termi-
nal tabs are unbent. Instead, the highlighted part B shows the same part where a
first terminal tab has been bent leftwards and a second terminal tab has been bent
rightwards. The bending angle is 90 degrees, so that the ends of the tabs will be
aligned on a horizontal plane, if the battery cell plane itself locates on a vertical
plane. FIG. 3 also shows that the height of the bendable section of the terminal tabs
is Y3 (see the leftmost sub-image). On the other hand, after the bending of the ter-
minal tabs, the defined height (or maximum height) for the fastening portion 1 is Y2
(see the rightmost sub-image). Thus, as a conclusion obtained by the bending ac-
tion, the spared height of the whole system will decrease by Y3 with every vertical
cell in the Y direction, when comparing situation B to A. Thus, subsequent compo-
nents in the Y direction can be placed Y3 closer to the battery cells, thus increasing
the energy density of the whole battery module.
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In an embodiment, the height (= vertical “thickness” of the horizontally placed longi-
tudinal element) of the fastening portion 1 is equal to Y2, according to the notation
of FIG. 3.

FIG. 4 illustrates an assembly method for a battery module, showing possible con-
nection tools and a housing shape as examples of the present invention. The battery
module is placed within a solid support structure 11 (i.e. outer housing 11) shown
here as a U-shaped element underneath the other elements. The solid support
structure (or the outer housing) 11 can be made of metal, which has good thermal
conductivity properties, and is also well load-bearing structurally. Such a metal can
be selected to be aluminium, but other metals can also be selected if desired. Other
elements correspond to the earlier discussed parts so that fastening portions 1 lo-
cate on top of each battery cell. Flanges 2 are the top parts of each battery cell
which separate the adjacent fastening portions 1. Layers acting as compression
pads 4 (made of e.g. cellular rubber) are placed between each two adjacent battery
cells, in this embodiment. Furthermore, thermally conductive fins 3 made of e.g.
aluminium are placed between the battery cells (between every cell pair, or in just
some selected ones of them), or alternatively, a metal housing (made of e.g. alu-
minium) or several metal housings are placed around one or more battery cells. The
main purpose is to provide the structure with thermally conductive fins 3 which act
as efficient thermal conductors for the excessive heat created in the chemical bat-
tery reactions. Fins 3 can also be called as thermal conductors across the structure,
which are e.g. made of aluminium or other good conductors for the thermal energy
(i.e. metals in general).

Connections in the top surface of the module for the terminal tabs and the fastening
portions 1 can be made by a clamp joint 5, 6 or some other connection means which
makes the same effect. This type of connection has been discussed in connection
with FIG. 2 above.

Finally, for securing the battery module into a fixed and rigid structure, the solid
support structure 11 can be connected to the fastening portions 1 via screws 12.
This secures the battery module and the battery cells in the X-direction, so that no
inner part may move in relation to an adjacent element within the support structure
11, even when external forces or vibrations occur. The support structure 11 can also
be called as an outer housing of the battery module.
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FIG. 5 illustrates a closed battery module in a finished rectangularly shaped box.
The box comprises the outer housing 11, which may have an aluminium (or gener-
ally metal) plate facing the front. The end wall aluminium (or metal) plate can be the
same element as the thermally conductive fin 3 described earlier. The outer housing
11 is connected to the fastening portions 1 by screws 12. The top surface shows
fastening portions 1 partly, as they are topped by the bent terminal tabs and con-
necting means 5, 6 as the topmost elements. The top edges of the flanges 2 of each
battery cell are right below the bent terminal tabs. The end product is a volume-
effective package which is also rigid and properly interconnected with the screws 12
and connecting means 5, 6. The metal outer walls of the outer housing 11 and the
front metal plate act as surfaces from where the excessive internal heat energy will
propagate to the surroundings of the battery module.

Although FIG. 5 shows an embodiment, where all the terminal tabs are located on
the top surface of the battery module, it is also possible to apply battery cells, which
comprise their terminals in an alternative arrangement, such as in opposite sides
within a single battery cell. In such an embodiment, some terminal tabs are facing
downwards, and the other terminal tabs are facing upwards. In the previous embod-
iment, there are two opposite surfaces of the battery module (top surface and bottom
surface) which will require connection means such as elements (clamp joint) 5, 6
exemplify in FIG. 2, 4 and 5. The connection means can be placed in a transverse
direction over the direction of the edges of the battery cells in a desired pattern so
that the connection means can be used to connect more sparsely locating terminal
tabs after the bending. Serial connection of the battery cells can thus be achieved
in a desired pattern. Furthermore, the transverse direction of the connecting means
over the direction of the edges of the battery cells can also be applied in the situation
of FIG. 5, where the terminal tabs all locate along a single surface of the assembled
battery module. Thus, a more complex pattern of sequential series connection of
the battery cells within the module can be obtained, if it is needed for some reason.
Such a reason would be achieving the locations of the end terminals within the whole
battery module in desired locations along the outer surfaces (e.g. somewhere in the
middle part along the outer plates), which would serve the connections from the
battery module to the rest of the system better.

The above connection principles also apply to embodiments where a single pouch
cell has terminal tabs in opposite sides of the pouch cell, i.e. a positive one on the
top side of the cell, and a negative one on the bottom side of the cell.
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Finally, FIG. © illustrates the closed battery module in a finished rectangularly
shaped box as a direct side-view, and as an inner cross-section along the direction
of a plane of a battery cell within the battery module. The cross-section is marked
as A-A. An important parameter is the internal diameter of the battery module, D.
With the presented parts, and packaging principles and steps disclosed above, the
diameter D can be minimized in view of the used battery cell dimensions, which
means an energy efficient battery module in its optimized form.

In an embodiment, the assembly of the battery module is performed with a manual
or machined screwdriver tool. Possibly also some of the above mentioned welding
methods may be used in the connections of the terminal tabs. Some added tool may
also be used in assisting the bending action for the terminal tabs by 90 degrees,
before or after the corresponding fastening portion is inserted in its place.

In an embodiment, the energy density of the battery module is maximized by bend-
ing the terminal tabs in a lowermost possible position in the situation where a re-
spective terminal tab is protruded upwards.

In an embodiment, where the terminal tabs locate on two opposite sides of the bat-
tery module, there of course has to be fastening portions 1 along both these sides
comprising terminal tabs (below all bent sections of the terminal tabs).

In an embodiment, the two serially connected fastening portions 1 along a line may
be connected like two pieces of a jigsaw puzzle, having one or more protrusions
and gaps in the end surfaces of the fastening portions, so that the two fastening
portions will place and “lock” against each other from the ends of the elements. This
ensures a proper connection between the fastening portions, if there are parallel
lines of cells within the module, and it also enhances the internal rigidity of the mod-
ule by attaching the elements better together. In other words, ends of consecutive
fastening portions 1 have at least one protrusion and/or at least one indentation so
that consecutive fastening portions 1 in two adjacent rows of battery cells are con-
nectable mechanically with one another, for creating a battery module comprising
several parallel rows of battery cells, and serially aligned lines of support elements
formed by the connected fastening portions 1.

In an embodiment, instead of the serially aligned line of support elements formed by
the connected fastening portions 1, a single elongated fastening portion is set
across the whole width of the battery module extending along multiple rows of
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battery cells, wherein the number of the battery cells within a row coincides with a
number of the elongated fastening portions 1 placed in parallel within the battery
module. This is of course valid in a situation where there are a number of adjacent
rows of stacked horizontally aligned battery cell groups, so that the battery module
locates on a single horizontal layer. If the battery module comprises several layers
of cells extending in the vertical direction, then of course the number or required
long fastening portions 1 will increase.

As a summary of the scalability of the built battery module, it may comprise X battery
cells within a single horizontal row, Y rows in a horizontal plane, and Z layers con-
cerning the vertical height of the whole module. Thus, the battery module can be
built as large as is required, making the connections between the rows and layers
according to the size of the created battery module.

In an embodiment, the fastening portions 1 may be manufactured by molding tech-
niques, or by machining techniques, or by both, depending of the materials used
there (metal + plastic; or mere plastic). Of course some other manufacturing tech-
nique can also be used.

The present invention is applicable in electric vehicles, such as cars, buses, and
any other road and off-road vehicle, aircrafts, and marine vehicles requiring electri-
cal energy. Other types of vehicles applicable are e.g. snowmobiles driven by an
electric motor, i.e. electric sleds. The present invention is applicable in rechargeable
electric energy storage systems as well. Of course there are other possible usage
areas as well, such as motorized golf carts, or drivable lawn mowers, for instance.
Also, the present invention is usable in any application area (i.e. machine or device)
using batteries, and especially, where good energy density batteries are of high in-
terest. In general, the present invention is applicable in any device or application
area demanding electric batteries, and especially, where the available space re-
served for the batteries is constrained.

The inventive idea also comprises two manufacturing methods for a battery module,
where the bending step for the terminal tabs and the insertion step for the fastening
portion can be performed in two optional mutual orders. These are disclosed in the
summary section in detail.

The advantages of the present invention comprise the following. The battery cells
can be packed in a volumetrically efficient assembly, where the spare volume
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between the battery cells, and in every direction around a specific battery cell can
be minimized. In other words, the efficient battery volume where the chemical reac-
tions take place, will be maximized in view of the volume of the outer housing of the
battery module. The maximized energy density is obtained by the structure involving
bent terminal tabs. Secondly, the battery module structure with a plurality of fas-
tening portions and their connections with the terminal tabs makes the structure
more rigid, and also more vibration-tolerant. Also the connections from the side,
meaning the connections between the outer housing’s top part and the end surfaces
of the longitudinal fastening portions, makes the structure more rigid. The presented
structure supports the battery cells from all directions within the battery module. Fur-
thermore, the fastening portion creates a proper counter-force, when connecting the
bent terminal tabs together from the top side of the battery module. Furthermore,
heat conductors (made of e.g. metal plates, such as aluminium plates) enable an
efficient thermal passageway for excessive heat, emerging from chemical battery
reactions, and conducted towards the outer housing via such heat conducting
plates. Finally, the compression pads (e.g. the layers of cellular rubber) smoothen
the pressure-based forces on the surfaces of the battery cells themselves. One ad-
vantage of the present invention is the lack of any gel-typed binding material within
the battery module, which makes life easier when considering the maintenance sit-
uations of the battery. Gel-based inner binding material would make it really hard to
disconnect the battery cells from one another if needed for some reason. Instead,
the connections, thermally conductive fins, and the solid fastening portion of the
present invention (among other physical parts) make the battery module easy to be
disassembled for the maintenance actions. The only tool needed for the disassem-
bly is a screwdriver (machined or manual). The end result is a battery module or
several battery modules, which can be placed in tightly available rectangular spaces
within a housing or frame of a vehicle, for instance. The available space (i.e. volume)
will thus be efficiently used which is of uttermost importance in electric vehicle de-
sign procedures nowadays.

The present invention is not restricted merely to embodiments presented above, but
the present invention may vary within the scope of the claims.
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Claims

1.

A battery module, comprising:
— a plurality of battery cells, which are in a form of pouch cells, and which are
stacked and/or piled next to each other in a horizontal direction;
— each battery cell comprising a positive terminal tab (7) and a negative termi-
nal tab (8) extruding from opposite edges of the battery cell, or from a same
edge of the battery cell;

characterized in that the battery module further comprises:

2.

— a fastening portion (1) per one battery cell, which fastening portion (1) is a
longitudinally shaped element, and where the fastening portion (1) is placed
along the edge of the battery cell where the positive or the negative terminal
tab (7, 8) locates, right adjacent to the respective terminal tab (7, 8);

— the positive and negative terminal tabs (7, 8) are configured to be bent in a
folded fashion on top of a surface of the longitudinal shaped fastening portion
(1); wherein

— the fastening portion (1) is configured to hinder movement of the battery cells
in an orthogonal direction compared to the longest dimension of the fastening
portion (1); and wherein

— a desired number of battery cells are configured to be placed adjacently
within the battery module so that respective fastening portions (1) aligned in a
parallel direction create support for the battery module, with a maximized en-
ergy density per volume provided for the battery module.

The battery module according to claim 1, characterized in that the battery

module further comprises:

3.

— the fastening portion (1), which comprises hollow inner sections, and in the
completed battery module, the bent terminal tabs (7, 8) are screwed to or oth-
erwise connected with the fastening portion (1), resulting in a mechanically
attached clamp joint (5, 6).

The battery module according to claim 1, characterized in that a terminal tab

(7, 8) from a battery cell is folded on top of a terminal tab (7, 8) of an adjacent battery
cell, and connected together and with a fastening portion (1) enabling a serial con-
nection of the battery cells.
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4. The battery module according to claim 1, characterized in that the positive
and negative terminal tabs (7, 8) are configured to be bent as close as possible to
a top edge of a flange (2) which flange (2) locates on top of the battery cell.

5. The battery module according to claim 1, characterized in that the positive
and negative terminal tabs (7, 8) are configured to be bent 90 degrees.

6. The battery module according to claim 1, characterized in that the connec-
tion between the bent terminal tab (7, 8) and a long edge of the longitudinal fastening
portion (1) is a laser welded joint, or a joint performed by an electromagnetic pulse.

7. The battery module according to claim 1, characterized in that the bending
actions and connections between desired terminal tabs (7, 8) within the battery mod-
ule are configured to be performed by ultrasonic welding.

8. The battery module according to claim 1, characterized in that the fastening
portion (1) is manufactured from molded plastic.

9. The battery module according to claim 1, characterized in that the fastening
portion (1) is coated by plastic, enabling electric insulation of the fastening portion
(1) within the battery module.

10. The battery module according to claim 8 or 9, characterized in that the fas-
tening portions (1) are manufactured by molding techniques, or by machining tech-
niques, or by both.

11.  The battery module according to claim 1, characterized in that the battery
module comprises an outer housing (11) made of metal, creating outer support
structure for the battery module.

12.  The battery module according to claim 11, characterized in that the ends of
the fastening portions (1) are configured to be connected to an outer housing (11)
by screws (12).

13. The battery module according to claim 1, characterized in that the battery
module comprises at least one thermally conductive fin (3), placed in selected gaps
between adjacent battery cells, improving thermal energy transfer within the battery
module.
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14.  The battery module according to claim 1, characterized in that the battery
module comprises a compression pad (4) between each planar, adjacent surfaces
of adjacent battery cells, enabling uniform compression pressure between the bat-
tery cells within the battery module.

15.  The battery module according to claim 1, characterized in that ends of con-
secutive fastening portions (1) have at least one protrusion and/or at least one in-
dentation so that consecutive fastening portions (1) in two adjacent rows of battery
cells are connectable mechanically with one another, for creating a battery module
comprising several parallel rows of battery cells, and serially aligned lines of support
elements formed by the connected fastening portions (1).

16. The battery module according to claim 15, characterized in that instead of
the serially aligned line of support elements formed by the connected fastening por-
tions (1), a single elongated fastening portion is set across the whole width of the
battery module extending along multiple rows of battery cells, wherein the number
of the battery cells within a row coincides with a number of the elongated fastening
portions (1) placed in parallel within the battery module.

17. A manufacturing method for a battery module, comprising the following steps

of:
— stacking and/or piling a plurality of battery cells next to each other in a hori-
zontal direction, which battery cells are in a form of pouch cells, wherein each
battery cell comprising a positive terminal tab (7) and a negative terminal tab
(8) extruding from opposite edges of the battery cell, or from a same edge of
the battery cell,

characterized in that
— inserting a fastening portion (1) per one battery cell, which fastening portion
(1) is a longitudinally shaped element, and where the fastening portion (1) is
placed along the edge of the battery cell where the positive or the negative
terminal tab (7, 8) locates, right adjacent to the respective terminal tab (7, 8),
— bending the positive and negative terminal tabs (7, 8) in a folded fashion on
top of a surface of the longitudinal shaped fastening portion (1),
— making required connections between desired terminal tabs (7, 8) and the
fastening portions (1),
— building battery cells in several rows and layers if desired, where a single
fastening portion (1) may also extend over several rows of battery cells hori-
zontally, and
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— placing the inter-connected battery module within an outer housing (11).

A manufacturing method for a battery module, comprising the following steps

— stacking and/or piling a plurality of battery cells next to each other in a hori-
zontal direction, which battery cells are in a form of pouch cells, wherein each
battery cell comprising a positive terminal tab (7) and a negative terminal tab
(8) extruding from opposite edges of the battery cell, or from a same edge of
the battery cell,

characterized in that

— bending the positive and negative terminal tabs (7, 8) in a folded fashion, so
that there is free vertical space between the horizontally bent terminal tab (7,
8) and a top edge of the battery cell,

— inserting a fastening portion (1) per one battery cell with a horizontal move-
ment into the free vertical space, which fastening portion (1) is longitudinally
shaped, so that the horizontally bent terminal tabs (7, 8) locate right above a
top surface of the fastening portion (1),

— making required connections between desired terminal tabs (7, 8) and the
fastening portions (1),

— building battery cells in several rows and layers if desired, where a single
fastening portion (1) may also extend over several rows of battery cells hori-
zontally, and

— placing the inter-connected battery module within an outer housing (11).
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