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(57) ABSTRACT 

An energy storage module having a plurality of stacked flat 
cells. The energy storage module has an interconnection 
formed in Such a way that the energy storage module can be 
connected mechanically, electrically and/or for exchanging 
coolant with at least one other energy storage module of the 
same kind. 
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Fig. 10 
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ENERGY ACCUMULATORMODULE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is the divisional of U.S. patent 
application Ser. No. 13/121,664, filed Apr. 19, 2011 which is 
the U.S. national phase of International Application No. PCT/ 
EP2009/062720 filed Sep. 30, 2009 which claims priority of 
U.S. Ser. No. 61/101,507, filed Sep. 30, 2008, PCT/EP2009/ 
062151, filed Sep. 18, 2009, PCT/EP2009/062153, filed Sep. 
18, 2009, and PCT/EP2009/062152, filed Sep. 18, 2009. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to an energy storage 
module having a plurality of stacked flat cells. 
0003 Energy storage modules of this kind are used in a 
plurality of devices, especially in motor vehicles. They can be 
combined in order to create an energy storage unit consisting 
of several modules and having the performance features 
required in each individual case. 
0004. The problem therewith is often that the interconnec 
tion of the individual modules, i.e. their appropriate connec 
tion to one another, is realized in a relatively extensive manner 
and that normally additional connection components are 
required. This also makes assembly of the corresponding 
energy storage unit more difficult. 
0005. It is therefore an object of the present invention to 
provide an energy storage module which is compact and can 
be mounted in a simple manner. Furthermore, the energy 
storage module is to be reliable and efficient. 

SUMMARY OF THE INVENTION 

0006. This object is achieved by an energy storage module 
interconnection means formed in Such a way that the energy 
storage module can be connected mechanically, electrically 
and/or for exchanging coolant with at least one other energy 
storage module of the same kind. In other words, the energy 
storage module according to the invention already has the 
components required for connection to adjacent modules of 
the same kind. The respective interconnection means need 
only be mounted in order to functionally couple the energy 
storage modules to one another. Thus, several ones of the 
energy storage modules form a flexible modular construction 
system in order to be able to assemble energy storage units in 
varying configurations by using modules of the same kind. 
0007 Advantageous embodiments of the invention are 
mentioned in the detailed description and the accompanying 
drawings. 
0008 Advantageously, the energy storage module has 
cooling elements for cooling the flat cells, wherein the cool 
ing elements are arranged between the flat cells and are in 
particular plate-shaped. Efficient cooling of the flat cells is 
possible by means of the cooling elements which arearranged 
between the flat cells so that, even during an operation of the 
energy storage module which always involves heat losses, a 
temperature range can be maintained which enables efficient 
use of the energy storage module. 
0009. According to an advantageous embodiment, the 
energy storage module at a first side has first mechanical, 
electrical and/or coolant interconnection means, wherein the 
energy storage module at a second side opposing the first side 
has second mechanical, electrical and/or coolant interconnec 
tion means, respectively. In the case of this embodiment, the 
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first interconnection means and the second interconnection 
means are arranged at Symmetrical positions with respect to 
one another and formed in mutually complementary shapes. 
0010. The interconnection means of the first side are thus 
formed in Such a way that they supplement the interconnec 
tion means of the second side, and vice versa. The intercon 
nection means are spatially arranged relatively to one another 
in Such a way that their connection is possible without any 
thing else, in particular without any additional components. 
Herein the configuration of the interconnection means is 
complementary, i.e. they are matched with respect to one 
another and compatible in order to enable a simple connec 
tion between the modules. Herein, a connection is understood 
to be, for example, a mechanical connection combining two 
adjacent energy storage modules to form a mechanical unit. 
An electrical connection is understood to be, for example, a 
connection wherein two adjacent energy storage modules are 
electrical with one another in order to be able to supply energy 
to a unit made up of the two energy storage modules or to 
discharge energy from the unit. 
0011. The fact that coolant is exchanged between adjacent 
energy storage modules simplifies a coolant system of a unit 
made up of several energy storage modules, because it is not 
required to Supply each energy storage module independently 
of the other modules with coolant. Rather, several modules 
together form a system—as it is ultimately the case with the 
mechanical connection and the electrical connection. In order 
to create a coolant system, the embodiment of the energy 
storage module described has coolant interconnection means 
compatible with corresponding interconnection means of 
modules of the same kind. 

0012. The flat-cell stack can be held together by a fixing 
arrangement having two pressure plates, which are associated 
with opposing end face sides of the flat-cell stack and con 
nected to one another by means of at least one resilient ele 
ment. 

0013 Mechanical pressure is applied to the flat cells by 
co-operation of the pressure plates and the resilient element. 
This pressure increases the stability of the stack and has a 
positive effect on the service life and the performance of the 
individual flat cells as long as the pressure does not exceed 
certain limits. Moreover, the mechanical pressure improves 
thermal coupling between the flat cells and the so-called 
cooling elements, whereby the heat losses of the flat cells can 
be dissipated more efficiently. 
0014. In order to create a mechanical connection between 
two adjacent energy storage modules, each of the pressure 
plates can have at least one attachment flange, by means of 
which the energy storage module can be attached to an adja 
cent energy storage module of the same kind, in particular to 
one of the pressure plates of the adjacent energy storage 
module of the same kind. 

0015. A pressure acting evenly on the flat-cell stack can be 
created in case at least one first resilient element extends 
along a first longitudinal side of the flat-cell stack between the 
two pressure plates and at least one second resilient element 
extends along a second longitudinal side of the flat-cell stack 
between the pressure plates. The first resilient element and the 
second resilient element are preferably arranged at comple 
mentary positions with respect to one another, in particular at 
different heights, in order to be able to interconnect two 
energy storage modules of the same kind in a compact man 
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0016. In order to attach the resilient elements, the pressure 
plates can have attachment segments arranged at two oppos 
ing sides, wherein the attachment segments protrude, in the 
plane of the respective pressure plate, beyond the pressure 
plates and the flat-cell Stack. Herein the attachment segments 
are also arranged at complementary positions with respect to 
one another. 

0017. In case at least some of the interconnection means 
are plug-in connectors, which are in particular detachable, 
assembly or connection of two energy storage modules can be 
realized by simple insertion, which accelerates assembly and 
reduces assembly costs. By providing a detachable connec 
tion, a defective module forming a constituent part of a larger 
energy storage unit can, for example, be replaced in a simple 
a. 

0018 Provision can be made for the energy storage mod 
ule having a connection unit which interconnects the flat cells 
at least electrically and is formed in particular as a plate 
extending in a plane perpendicular to the respective extension 
plane of the flat cells. Thus, the connection unit forms a 
contacting element for electrically interconnecting the flat 
cells serially or in parallel. The flat cells can also be connected 
to one another through a mixed form of parallel and serial 
interconnection. The connection unit can additionally pro 
vide mechanical stabilization. 

0019 Preferably, electrical interconnection means are 
arranged at the connection unit, wherein the electrical inter 
connection means are formed as a plug and a socket, respec 
tively. 
0020 Provision can be made for the energy storage mod 
ule having at least one coolant duct opening into a coolant 
inlet at a first side of the energy storage module and into a 
coolant outlet at a second side of the energy storage module. 
The coolant duct can extend perpendicularly or in parallel to 
the flat cells. In order to be able to provide larger cooling 
capacities, it is also conceivable to provide more than one 
coolant line. 

0021. The invention further relates to an energy storage 
unit comprising at least two energy storage modules accord 
ing to at least one of the previously described embodiments. 
0022. The energy storage modules can be arranged in a 
two-dimensional or three-dimensional matrix in order to 
make optimum use of the construction space available. 
0023 Especially in the case of the embodiments of the 
energy storage unit in a multi-dimensional arrangement—i.e. 
in particular in case there is not only a purely serial arrange 
ment of modules—at least one adapter means can be provided 
for connecting at least two energy storage modules to one 
another. For example, two energy storage modules forming 
end members of their respective row of energy storage mod 
ules can be connected to one another in this way. 
0024. The flat-cell stack of energy storage modules 
arranged in a row and functionally coupled to one another can 
be arranged one after another or side by side. It is also con 
ceivable that an energy storage unit having several energy 
storage modules has both variants if this is required. 
0025. In the case of embodiments of the energy storage 
unit having at least two energy storage modules, each of 
which comprises a fixing arrangement having two pressure 
plates, the adjacent pressure plates of the two energy storage 
modules can be coupled mechanically to one another, in 
particular by means of corresponding attachment flanges of 
the pressure plates. 
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0026. According to a special embodiment of the invention, 
the invention is not only suitable for application in lithium 
ion accumulators/cells, but can also be used fortin other 
energy storages, such as NiMH (nickel metal hydride) energy 
storages/cells and/or capacitor storage cells, in particular 
double-layer capacitor cells (Supercaps). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027. Hereinafter the present invention will be explained 
merely by way of example by means of advantageous 
embodiments with reference to the accompanying drawings, 
wherein 
0028 FIG. 1 shows a perspective view of a first embodi 
ment of an energy storage module; 
0029 FIG. 2 shows a first side view of the energy storage 
module of FIG. 1; 
0030 FIG. 3 shows a bottom view of the energy storage 
module of FIG. 1; 
0031 FIG. 4 shows a detailed view of FIG. 3: 
0032 FIG. 5 shows a second side view of the energy 
storage module of FIG. 1; 
0033 FIG. 6 shows a perspective view of two energy stor 
age modules according to FIG. 1 in a non-coupled State; 
0034 FIG. 7 shows a perspective view of two energy stor 
age modules according to FIG. 1 in a coupled State; 
0035 FIG. 8 shows a top view of two energy storage 
modules according to FIG. 1 in a coupled State; 
0036 FIG. 9 shows a side view of two energy storage 
modules according to FIG. 1 in a coupled State; 
0037 FIG. 10 shows a perspective view of a second 
embodiment of an energy storage module: 
0038 FIG. 11 shows a perspective view of two energy 
storage modules according to FIG. 10 in a non-coupled State; 
0039 FIG. 12 shows a perspective view of two energy 
storage modules according to FIG. 10 in a coupled State; 
0040 FIG. 13 shows a top view of two energy storage 
modules according to FIG. 10 in a non-coupled State; 
0041 FIG. 14 shows a bottom view of two energy storage 
modules according to FIG. 10 in a coupled state; 
0042 FIG. 15 shows a side view of two energy storage 
modules according to FIG. 10 in a coupled state; 
0043 FIG.16 shows a perspective view of a third embodi 
ment of an energy storage module; 
0044 FIG. 17 shows a side view of the energy storage 
module of FIG. 16. 

DETAILED DESCRIPTION 

0045 FIG. 1 shows a perspective view of an energy stor 
age module 10 comprising a plurality of prismatic cells/flat 
cells 12 arranged in a cell stack 12" in parallel with respect to 
one another. The flat cells 12 can, for example, be lithium-ion 
accumulator cells or double-layer capacitor cells ('super 
caps”). Each of the individual cells 12 has two electrode tabs 
14a, 14b, which are inserted through slots 16 of an intercon 
nection board 18 provided for this purpose. The electrode tabs 
14a, 14b reach through the interconnection board 18 and are, 
at the free top side thereof i.e. at the side of the intercon 
nection board 18 facing away from the flat cells 12 , con 
nected to contact surfaces not shown, in order to provide 
electrical contact between the flat cells 12. The contacting 
between the flat cells 12 can, for example, be parallel or serial 
or comprise a mixed form of parallel and serial contacting. 
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0046. The electrical energy stored in the flat cells 12 can be 
tapped via a plug and a corresponding Socket, which are 
hereinafter summarily referred to simply as a plug. 20. The 
plugs 20 arearranged at opposing sides of the interconnection 
board 18. Similarly, plugs/sockets can be provided for the 
data lines, which are, however, not shown. The data lines can, 
for example, serve to transmittemperature information on the 
energy storage module 10 and/or information about the Volt 
age condition of the flat cells 12. 
0047 Planar-shaped, plate-like cooling elements 22 are 
arranged between adjacent flat cells 12 (see FIG. 2), in order 
to be able to efficiently dissipate heat losses developing dur 
ing operation of the energy storage module 10, primarily in 
the flat cells 12. In order to better stabilize the stack 12" and to 
improve thermal coupling, the flat cells 12 and the cooling 
elements 22 can be glued to one another. 
0048. The cooling elements 22 are heat-conductively con 
nected to a cooling body 23 integrated in the interconnection 
board 18 or attached thereto. The cooling body 23 is con 
nected to coolant lines 26 via connecting pieces 24. One of the 
coolant lines 26 is, for example, a Supply line for coolant, 
while the other coolant line 26 is a discharge line. The coolant 
supplied to the cooling body 23 can be lead through ducts 
suitably formed in the cooling body 23, in order to, on the one 
hand, effect planar cooling of the interconnection board 18. 
which heats up due to conduction of electric current, and, on 
the other hand, to dissipate the heat losses of the flat cells 12 
taken up by the cooling elements 22. 
0049. The cooling body 23 has slot-like openings not 
shown, through which the electrode tabs 14a, 14b of the flat 
cells 12 extend such that the electrode tabs 14a, 14b can be 
lead to the free surface of the interconnection board 18. 
0050. In order to hold the flat-cell stack 12" together, two 
pressure plates 28 are provided, limiting the two end face 
surfaces of the flat-cell stack 12'. The two pressure plates 28 
are not firmly connected to one another, since the thickness of 
the stack 12" varies during operation of the energy storage 
module 10 due to thermal effects and/or dimensional/thick 
ness changes of the flat cells 12 caused by ageing as well as 
voltage conditions. Therefore the two pressure plates 28 are 
interconnected throughtension springs 30. The resilient prop 
erties of the tension springs 30 are designed such that, on the 
one hand, sufficiently good coherence of the flat-cell stack 12 
is guaranteed, while, on the other hand, also the previously 
described dimensional changes, which cannot be avoided, are 
permitted to an acceptable extent. 
0051 Attachment brackets 32 are provided for attaching 
the tension springs 30 to the pressure plates 28, wherein the 
attachment brackets 32 laterally protrude beyond the flat-cell 
stack 12 and each of the attachment brackets 32 has a portion 
32" extending in a direction perpendicular to the planes 
formed by the flat cells 12. The portions 32' thus run in 
parallel displacement to a stack axis A (see FIG. 2) extending 
through the center of the flat-cell stack 12 perpendicularly to 
the planes formed by the flat cells 12. 
0052 Suitable devices for attaching the tension springs 30 
are provided at the portions 32". The figure shows openings/ 
holes engaged by hooks of the tension springs 30. It is to be 
understood that any kind of attachment means can be used at 
this point. Furthermore, the tension springs 30 can be 
replaced by any other suitable resilient elements. Even the 
number of the tension springs 30/resilient elements is arbi 
trary and can be adapted to the conditions prevailing in each 
individual case. Ultimately, it is essential that suitable 
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mechanical pressure is exerted on the flat cells 12 in order to 
stabilize the stack 12'. Moreover, a modest application of 
pressure increases the performance and the service life of the 
flat cells 12. The pressure distribution produced should addi 
tionally be sufficiently homogeneous in order to avoid exces 
sive one-sided loads on the cells 12. For this reason, tension 
springs 30 are provided at both side surfaces of the stack 12", 
as described hereinafter. However, it is in principle possible to 
alternatively provide a one-sided arrangement of a resilient 
element opposed by a hinge-like portion on the other side. 
0053. The pressure plates 28 have ribs 34 for stiffening, 
whereby—as compared to massive plates—material and 
weight is saved while maintaining equal stability. Addition 
ally, mounting brackets 36 are provided at the pressure plate 
28, which serve to support the energy storage module 10 in its 
installed position. The installed position normally corre 
sponds to the position shown, i.e. the interconnection board 
18 is arranged at the top. In certain cases the installed position 
can also be defined differently. In these cases a correspond 
ingly altered arrangement of the mounting brackets 36 is 
required. 
0054 Each of the mounting brackets 36 is provided with a 
dampening element 38, which, in the installed position of the 
energy storage module 10, dampens a transmission of vibra 
tions of a bearing Surface, on which the energy storage mod 
ule 10 is supported, to the energy storage module 10. Prefer 
ably, the dampening elements 38 are at least partially made of 
rubber, a plastic material and/or other suitable resilient mate 
rials. In an assembled State of the energy storage module 10, 
its weight thus rests on the dampening elements 38 and the 
mounting brackets 36, respectively. Provided that herein the 
resilient properties of the dampening elements 38 are chosen 
correspondingly, it is Sufficient if the dampening elements 38 
protrude only to a small extent downwardly beyond the pres 
sure plates 28 (hardly recognizable in FIG. 2). Alternatively 
or additionally, the mounting points of the bearing Surface? 
mounting Surface, which is contacted by the energy storage 
unit 10 in an assembled State, can be raised punctually in the 
area of the dampening elements 38 associated with them. 
Thus the pressure plates 28 not only have the function of 
holding the Stack 12' together, but also act as structural ele 
ments Supporting the whole energy storage module 10 via the 
mounting brackets 36 and the dampening elements 38. 
0055 As can be seen in FIGS. 1 and 2, the dampening 
elements 38 primarily serve to dampen vibrations of the bear 
ing Surface/mounting Surface in a vertical direction. This does 
not mean, however, that lateral vibrations are not dampened. 
0056 Since the energy storage unit 10 contacts the bearing 
Surface/mounting Surface only via the dampening elements 
38, electrical decoupling of the energy storage unit 10 and the 
bearing Surface/mounting Surface is achieved in a simple way 
by the fact that the dampening elements 38 are at least par 
tially made of an electrically insulating material. 
0057. In order to enable safe and reliable assembly of the 
energy storage module 10, the pressure plates 28 are at two 
opposing sides thereof provided with attachment flanges 40 
protruding beyond the cell stack 12'. The attachment flanges 
40 enable to additionally attach the energy storage module 10 
to another bearing component and/or an adjacent energy Stor 
age module 10, as described hereinafter. 
0058. The energy storage module 10 has a number of 
connection means, which have the purposes of mechanical 
connection of the energy storage module 10 to its environ 
ment, electrical contacting as well as Supply with coolant. The 
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mechanical connection means comprise—as already men 
tioned—the attachment flanges 40 as well as the mounting 
brackets 36 and the dampening elements 38 associated there 
with. The electrical connection is enabled by the plugs 20. A 
connection to a coolant system is realized via coolant con 
nectors 42, 42" of the coolant lines 26. 
0059. Herein the coolant connectors 42 are designed in 
Such a way that they can be inserted in corresponding coolant 
connectors 42 of an adjacent energy storage module 10 (and 
Vice versa), in order to create connections between the cool 
ant lines 26. 
0060. The coolant connectors 42, 42", the attachment 
flanges 40 and the plugs 20 are spatially arranged in Such a 
way that connection of an energy storage module 10, which is 
of the same type at least with regard to the connectors 42, 42", 
20, is possible to two opposing side Surfaces of the cell stack 
12'. Therefore the coolant lines 26 extend perpendicularly to 
the stack axis A in a plane which is parallelly displaced from 
the interconnection board 18. 
0061 FIG. 2 shows a view of the left side of the energy 
storage module 10 of FIG. 1, whereby the structure of the 
stack 12" composed of alternatingly arranged flat cells 12 and 
cooling elements 22 can be clearly seen. The electrode tabs 
14a, 14b and the ends of the cooling elements 22 facing 
towards the interconnection board 18 have depressions 44 
and 44', respectively, which are provided for taking up the 
previously described relative movements of the individual 
components during operation of the energy storage module 
10. The depressions 44, 44' additionally take up manufactur 
ing tolerances of the components used. 
0062. Further, it can be seen in FIG. 2 that the mounting 
brackets 36 of the pressure plates 28 laterally rise from the 
respective plane of the corresponding pressure plate 28. 
0063 FIG. 3 shows a bottom view of the energy storage 
module 10 of FIG.1. This view clarifies the positioning of the 
mounting brackets 36 and of the dampening elements 38. 
respectively. Each of these components is arranged at the 
outside of the corresponding pressure plate 28; however, they 
are positioned at different places with respect to the stack axis 
A. The mounting brackets 36/dampening elements 38 of the 
lower pressure plate 28 are arranged more outwardly—and 
thus further away from the stack axis A-than the mounting 
brackets 36/dampening elements 38 of the upper pressure 
plate 28. In return, recesses 46 are provided at the correspond 
ing (complementary) places of the respectively opposing 
pressure plate 28, which are formed for taking up dampening 
elements 38 of adjacent energy storage cells 10. As can be 
seen in FIG. 1, the recesses 46 are not only provided in the rim 
of the pressure plates 28, but also in a part of the ribs 34. 
0064. In conjunction with FIG. 3 it is to be mentioned 
further that the coolant connectors 42 laterally protrude not 
only beyond the cell stack 12", but also beyond the attachment 
brackets 32 of the pressure plates 28, in order to simplify 
connection of the coolant lines 26. 
0065. The left side in FIG. 3 of the flat cell stack 12 is 
protected by a partition plate 48 extending between the pres 
sure plates 28. The design of the partition plate 48 can be more 
clearly seen in FIG. 4, showing a detailed view of FIG. 3. 
0066. The partition plate 48 has depressions 44" and bend 
ings50, imparting stability to the partition plate 48, on the one 
hand. On the other hand, the partition plate 48 is also given 
resilient properties thereby, allowing relative movements of 
the pressure plates 28. In principle, it is possible to design the 
partition plate 48 such that the tension springs 30 can be 
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omitted. Then the partition plate 48 has corresponding resil 
ient properties, holding the pressure plates 28 together. In this 
case, a Suitably dimensioned and correspondingly designed 
attachment of the partition plate 48 to the pressure plates 28 is 
to be guaranteed. Differently from the embodiment shown, 
wherein a partition plate 48 is only present at the left side of 
the stack 12", a partition plate 48 can be provided at both free 
sides of the cell stack 12'. This is especially advantageous in 
cases where the partition plate 48 is provided as a resilient 
element instead of the tension springs 30. 
0067. The partition plate 48 has, among others, the addi 
tional function of acting as a kind of bulkhead—especially in 
the case of a fire—having a protective effect between adjacent 
energy storage modules 10. Therefore it is in principle suffi 
cient for performing this function that a partition plate 48 is 
provided only at one side of each energy storage module 10. 
0068. The partition plate 48 also increases the mechanical 
stability of the cell stack 12 by being connected to some of the 
cooling elements 22 by means of angled portions 52. The 
cooling elements 22, which are thereby restricted in their 
lateral mobility, stabilize the cell stack 12'. There is no com 
plete inhibition of relative movements between the partition 
plate 48 and the respective cooling elements 22 provided with 
an angled portion52. Therefore the angled portions 52 are not 
simple angles, but rather have an S-shaped character in order 
to allow lateral movements of the flat cells 12 to a certain 
extent due to thickness variations of the cell stack 12'. Thus 
the mechanical pressure acting on the individual flat cells 12 
is influenced by the described embodiment of individual cool 
ing elements 22 in co-operation with the partition plate 48. 
The pressure acting on the cells 12 can in turn—as already 
mentioned have a positive effect on their service life and 
efficiency. 
0069 FIG. 5 shows another side view of the energy stor 
age module 10. The side shown is opposite the side of the flat 
cell Stack 12" shown in FIG. 2. The side view of FIG. 5 
clarifies that the partition plate 48 does not cover the whole 
side surface of the cell stack 12'. The tension springs 30 
extend in the lower and upper region; this is why sheathing of 
the cell stack 12 has been omitted here. 

0070. It is to be noted that the tension springs 30—and 
consequently also the attachment brackets 32 and the corre 
sponding portions 32—are arranged further upwardly or fur 
ther downwardly, i.e. nearer to the interconnection board 18 
(in its installed position normally at the top) and nearer to the 
dampening elements 38 (in their installed position normally 
at the bottom), respectively, than at the opposing side (com 
pare FIG. 2). This complementary configuration enables a 
space-saving connection of two energy storage modules 10. 
0071 FIG. 6 clarifies how two energy storage modules 10 
of the same type can be combined to form an energy storage 
unit. For this purpose, at first two energy storage modules 10 
are arranged next to one another—as shown in Such a way 
that the side shown in FIG. 2 of the right energy storage 
module 10 faces the side shown in FIG. 5 of the left energy 
storage module 10. The corresponding sides of the two energy 
storage modules 10 are complementary, i.e. they supplement 
one another/are matched to one another. The two energy 
storage modules 10 now only have to be moved towards one 
another until the coolant connectors 42, 42" are connected to 
the respective complementary coolant connector 42 and 42. 
respectively, of the adjacentenergy storage module 10. Since 
the tension springs 30 at the sides facing one another of the 
two energy storage modules 10 are arranged in complemen 
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tary positions—i.e. at different heights—the modules 10 can 
be brought close to one another. The attachment flanges 40 of 
the two energy storage modules 10 are, in contrast, located at 
the same height, which means that a mechanical connection 
of the pressure plates 28, both lying in one plane, of the 
adjacent modules 10 is possible. By bringing the two modules 
10 closer together, the plugs 20, which are opposite one 
another and have complementary shapes, of the adjacent 
modules 10 also come into mutual contact, which means that 
also an electrical contacting of the two modules 10 is guar 
anteed. 

0072. In the case of the embodiment shown of the energy 
storage modules 10, the coolant connectors 42, 42" are 
designed Such that a fluid-tight connection is created without 
any further components and/or assembly steps being neces 
sary. The same is true for the electrical contacting via the 
plugs 20. Only the attachment flanges 40 have to be intercon 
nected by means of screws or similar attachment means. It is 
to be understood that the attachment flanges 40 as the cool 
ant connectors 42, 42 and the plugs 20-can have plug-in 
connections. Vice versa, for example, screw connections and/ 
or Supplementary connection components can be provided 
for additionally securing the connections 42, 42", 20. 
0073 FIG. 7 shows two interconnected energy storage 
modules 10, now forming an energy storage unit 54. The 
assembly—with the exception of securing the attachment 
flanges 40 has been completed. The complementary 
arrangement of the tension springs 30 enables a compact 
design of the energy storage unit 54. The energy storage unit 
54 has two cell stacks 12' located side by side, i.e. the stack 
axes A of the two stacks 12' are arranged in parallel displace 
ment with respect to one another. 
0074 The configuration of the plugs 20 and the coolant 
connectors 42, 42" at complementary positions and in 
complementary shapes guarantees a safe and reliable connec 
tion of the energy storage modules 10 to form the energy 
storage unit 54. It is to be understood that any number of 
energy storage modules 10 can be combined in order to be 
able to provide an energy storage unit 54 which meets the 
requirements present in each individual case. Herein the indi 
vidual energy storage modules 10, however, do not necessar 
ily have to be arranged in a row only (one-dimensional 
arrangement), since also a connection of several, especially 
parallel rows is possible by means of Suitable adapterpieces. 
A multi-row energy storage unit 54 then has a two-dimen 
sional extension (2D matrix). An adapterpiece at the end of a 
row of energy storage modules 10 can, for example, have tube 
pieces having a curvature of 180° for the coolant lines 26. 
Furthermore, the adapter piece can comprise an electric lead 
for connecting the last plug 20 of a row of energy storage 
modules 10 to the first plug 20 of the adjacent row. 
0075) Even a three-dimensional arrangement of energy 
storage modules 10 can be realized in a simple manner (3D 
matrix), in order to, for example, fill available construction 
space as efficiently as possible with energy storage modules 
10. In this case, corresponding adapter pieces for coolant 
connections and electrical connections between the various 
planes are required. 
0076 Depending on the configuration and the number of 
the energy storage modules 10 to be connected over several 
planes, additional distance pieces or carrier segments can be 
provided in order to stabilize the energy storage unit 54. 
0077 FIG.8 shows atop view of the energy storage unit 54 
of FIG. 7. Since in the case of this special configuration of the 

May 12, 2016 

energy storage unit 54 no side-by-side rows of energy storage 
modules 10 are provided, the dampening elements 38 of the 
individual energy storage modules 10 in FIG. 8 are each 
situated at the top and at the bottom at the same height. 
Identically formed energy storage modules 10 would then be 
capable of being arranged only at a certain distance? with a 
certain offset from the shown energy storage modules 10. The 
mentioned problem does not occur if the dampening elements 
38 are arranged in the configuration shown in FIG. 3. Alter 
natively, provision could also be made for the dampening 
elements 38 of adjacent rows of energy storage modules 10 
having dampening elements 38 at both sides and arranged 
nearer to one another, so that they can be introduced into the 
recesses 46 of the shown modules 10, wherein the recesses 46 
are located in the middle area of the respective pressure plates 
28. 

0078 FIG. 8 further shows the configuration of the plugs 
20 at complementary positions and in complementary shapes. 
It is to be seen that the right plug 20 of the left energy storage 
module 10 is inserted/plugged in the left plug 20 of the right 
module 10, in order to guarantee reliable electrical contact 
ing. The coolant connectors 42, 42 have a corresponding 
complementary configuration. The coolant connector 42 is 
Somewhat longer than the coolant connector 42" and laterally 
protrudes beyond the corresponding interconnection board 
18. Due to this fact the coolant connector 42 can at least 
partially be slid onto the coolant connector 42 of the adjacent 
energy storage module 10. 
007.9 FIG. 9 shows a side view of the energy storage unit 
54 for illustrating the configuration of the attachment brack 
ets 32 at complementary positions. The attachment brackets 
32, at which the portions 32, which cannot be seen in this 
representation, are arranged as attachment points for the ten 
sion springs 30, are formed at the left side of the respective 
pressure plate 28 in spatial proximity to the attachment flange 
40. The left attachment flange 40 is located approximately at 
medium height of the pressure plate 28. A further attachment 
flange 40 is provided at the right side of the respective pres 
Sure plate 28, which attachment flange 40 is arranged also at 
medium height for connection to the left attachment flange 40 
of the adjacent pressure plate 28. The right attachment brack 
ets 32 are located in the region of the upper and the lower rims, 
respectively, of the pressure plate 28, so that the left attach 
ment brackets 32 of the adjacent pressure plate 28 are able to 
engage in a space between the right attachment brackets 32 
and the right attachment flange 40. 
0080. The tension springs 30 of the adjacent energy stor 
age modules 10 are, in an assembled State of the energy 
storage unit 54, essentially in a vertical plane which is defined 
by the lateral contact surfaces of the attachment flanges 40 of 
the adjacent pressure plates 28 and in which also the portions 
32' are located. 

0081 FIG. 10 shows a further embodiment 10' of the 
energy storage module. The energy storage module 10" differs 
from the energy storage module 10, among other things, by 
the fact that the coolant lines 26 do not extend in parallel to the 
flat cells 12 and the cooling elements 22, respectively, or the 
pressure plates 28, but perpendicularly thereto. Thus they 
extend in parallel to the tension springs 30. Furthermore, the 
plugs 20 are not arranged at a side of the interconnection 
board 18 corresponding to a side surface of the flat-cell stack 
12, but they protrude beyond the interconnection board 18 at 
the sides extending in parallel to the pressure plates 28. Due 
to the previously described arrangement of the plugs 20 and 
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the coolant lines 26 and the coolant connectors 42, 42", there 
is provided a connection of two adjacent energy storage mod 
ules 10", wherein in each case one of their pressure plates 28 
is opposite to another, as shown in FIG. 11. The configuration 
of the pressure plate 28, the flat-cell stack 12" and the tension 
springs 30 of the energy storage module 10" otherwise essen 
tially corresponds to the corresponding components of the 
energy storage module 10. 
0082. As already mentioned, FIG. 11 clarifies in which 
way the energy storage modules 10' are joined together for 
forming an energy storage unit 54'. The result is shown— 
from a different perspective in FIG. 12. 
0083 FIG. 12 shows that a compact energy storage unit 
54' can also be created with two energy storage modules 10'. 
Due to the arrangement of the attachment brackets 32 at 
complementary positions, as already described with regard to 
the energy storage module 10, further energy storage modules 
10" can readily be joined laterally to the energy storage unit 54 
in a space-saving manner. 
0084. In the case of the energy storage unit 54 shown in 
FIG. 12, the configuration of the attachment flanges 40 
requires a somewhat different attachment than in the case of 
the energy storage unit 54. However, this attachment can be 
realized, for example, in a simple manner by means of a small 
plate which is secured to adjacent attachment flanges 40 by 
means of four screws and thus holds them together. A laterally 
adjacent energy storage unit 54' can also be secured to the 
attachment flanges 40. 
0085 FIG. 13 shows again how the sides facing one 
another of the energy storage modules 10' are designed in 
order to form a compact and reliable energy storage unit 54'. 
The dampening elements 38 of the adjacent energy storage 
modules 10' are arranged at complementary positions. More 
over, the plugs 20 of the interconnection boards 18 are 
arranged in the midplane of the two flat-cell stacks 12", which 
includes the stack axis A. The coolant connectors 42, 42" are 
also configured in complementary shapes and at complemen 
tary positions. In contrast to the situation with the energy 
storage module 10, the coolant connectors 42 protrude fur 
ther beyond the cell stack 12" than the coolant connectors 42. 
0.086 On the basis of the orientation of the electrode tabs 
14a, 14b and the slots 16 it can be recognized that the cell 
stacks 12 of the two energy storage modules 10' are arranged 
one behind the other. In other words, the two cell stacks 12' 
have a common stack axis A. 

0087 FIG. 14 shows a bottom view of the energy storage 
unit 54'. The dampening elements 38 of the left energy storage 
module 10" protrude into the recesses 46 associated with them 
of the right energy storage module 10' (see also FIG. 13), and 
vice versa. The tension springs 30 of the adjacent modules 10' 
are located in a vertical plane which is parallelly displaced 
from the stack axis A and extends vertically to the image 
plane. 
0088 FIG. 15 shows a side view of the energy storage unit 
54', i.e. a view onto one of the side surfaces of the flat-cell 
stacks 12'. In contrast to the cooling elements 22 of the energy 
storage module 10, the cooling elements 22 of the energy 
storage modules 10' do not have any depressions 44'. It is to be 
understood that depressions can be provided if required. Fur 
thermore, each of the cooling elements 22 has end portions 
22 at their lower end facing away from the interconnection 
board 18, which end portions 22 extend at a right angle to the 
respective cooling element 22. Due to this fact the flat cells 12 
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can also be cooled from below. Functionally analogous side 
portions 22" of the cooling elements 22 laterally encompass 
parts of the flat cells 12. 
I0089. Each of the mounting brackets 36 of the adjacent 
pressure plates 28 abuts on the pressure plate 28 opposite 
thereto, in order to guarantee a correct distance between the 
energy storage modules 10' and moreover to impart more 
stability to the overall arrangement. 
0090 FIG. 16 shows another embodiment 10" of the 
energy storage module. In the case of the energy storage 
module 10", the coolant lines 26—as in the case of the energy 
storage module 10 of FIG. 1—extend in parallel to the flat 
cells 12 and the cooling elements 22, i.e. perpendicularly to 
the stack axis A. 
0091. However, the energy storage module 10" has, in 
addition to the dampening elements 38 secured to the pres 
sure plates 28, additional dampening elements 38', which are 
connected via mounting brackets 36' to individual cooling 
elements 22. In FIG. 16 it can be seen that such a dampening 
element 38' is provided at the viewable left side surface of the 
cell stack 12'. The dampening element 38' serves as a further 
Support point, which is in fact not primarily meant to Support 
a weight of the energy storage module 10" at a Support Sur 
face. Indeed this additional Support point serves to change the 
natural frequency of the energy storage module 10" in a 
secured State. In case the energy storage module 10" is, for 
example, installed in a vehicle, the natural frequency of the 
module 10" can be changed by means of the mentioned addi 
tional support point such that resonance events capable of 
causing annoying noise or even damage can be reduced. In 
other words, a characteristic of the coupling between the 
energy storage module 10" and its environment is changed by 
means of the additional Support point. The coupling is opti 
mized by means of a suitable number and/or configuration of 
additional dampening elements 38' and their spatial distribu 
tion. It can be modified, for example, depending on the con 
figuration and the size of the cell stack 12 and the other 
components of the energy storage module 10". Herein the 
frequency characteristic and the configuration of the Support 
Surface/mounting Surface are relevant, too. 
0092. In the case of the energy storage module 10"—as 
can be seen in FIG. 17—a dampening element 38 is provided 
at both side surfaces of the cell stack 12'. The dampening 
elements 38' are mounted at various cooling elements 22, so 
that the dampening elements 38' unfold their effect at varying 
“heights” of the cell stack 12. 
0093. The mounting brackets 36' of the cooling elements 
22 laterally protrude from the cell stack 12", so that no corre 
sponding recesses have to be provided in the region of the cell 
stack 12" for taking up the dampening elements 38'. The cell 
stack 12' thus essentially corresponds to the cell stacks 12 of 
the energy storage modules 10, 10'. The mounting brackets 
36" with the dampening elements 38'secured thereto thus only 
form additional "lateral prolongations of the corresponding 
cooling elements 22. These prolongations can also be sepa 
rate components, which are detachably/subsequently con 
nected to certain cooling elements 22, for example, in order to 
adjust the coupling of the energy storage unit 10 to the Support 
Surface. 
0094. Like the dampening elements 38, the dampening 
elements 38', too, are mainly intended to dampen vibrations 
from below, i.e. to dampen or partially absorb vibrations 
which are parallel to their longitudinal axis (cylinder axis). 
This does not exclude that vibrations which are perpendicular 
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thereto are also dampened to a certain extent. The dampening 
elements 38, 38' are essentially of the same construction. For 
certain applications, however, differently designed dampen 
ing elements 38,38' can be provided, in particular concerning 
their dimensions and resilient properties. 
0095 FIG. 17 shows a side view of the energy storage 
module 10", enabling to see, at least to some extent, the 
dampening element 38' at the rearward side surface of the cell 
stack 12", which cannot be seen in FIG. 16. In the case of the 
energy storage module 10", the cooling elements 22 as well as 
the electrode tabs 14a, 14b are provided with depressions 44 
and 44, respectively, for compensating in particular vertical 
distance alterations between the interconnection board 18 and 
the cell stack 12. 
0096. It is to be understood that various aspects and details 
which have been described merely on the basis of one of the 
embodiments 10, 10", 10" of the energy storage module and 
on the basis of one of the embodiments 54, 54" of the energy 
storage unit, respectively, can be randomly combined with the 
respective other embodiments in order to create a product 
adapted to the requirements present in each individual case. 
0097. The modular design of the energy storage modules 
10, 10", 10" enables a fast and inexpensive adaptation of an 
energy storage unit to the requirements present in each case. 
It is achieved, on the one hand, by the design of the external 
shape of the modules 10, 10", 10" and, on the other hand, by 
the unitized/complementary position of the connectors 20, 
42, 42", 40 and by their configuration in complementary 
shapes. 

1-18. (canceled) 
19. An energy storage module comprising a plurality of 

stacked flat cells, wherein the energy storage module has 
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interconnection means formed in Such a way that the energy 
storage module can be connected mechanically, electrically 
and/or for exchanging coolant with at least one other energy 
storage module of the same kind, wherein the flat-cell stack is 
held together by a fixing arrangement comprising two pres 
Sure plates, which are associated with opposing end face sides 
of the flat-cell stack and connected to one another by means of 
at least one resilient element. 

20. The energy storage module according to claim 19, 
wherein each of the pressure plates has at least one attachment 
flange, by means of which the energy storage module can be 
attached to another energy storage module of the same kind. 

21. The energy storage module according to claim 20, 
wherein at least one first resilient element extends alonga first 
longitudinal side of the flat-cell stack between the two pres 
Sure plates, wherein at least one second resilient element 
extends along a second longitudinal side of the flat-cell stack 
between the two pressure plates, wherein the first resilient 
element and the second resilient element are preferably 
arranged at complementary positions with respect to one 
another, in particular at different heights. 

22. The energy storage module according to claim 21, 
wherein the pressure plates have attachment segments 
arranged at two opposing sides for attaching the resilient 
elements, wherein the attachment segments protrude, in the 
plane of the respective pressure plate, beyond the pressure 
plate and the flat-cell stack, wherein the attachment segments 
are arranged at complementary positions with respect to one 
another. 


