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(54) Title: WASHERS FOR A LITHIUM ION BATTERY CELL TERMINAL

(57) Abstract: The present disclosure relates to washers for lithium ion bat-

FIG. 4

64—

70—
—62

tery cell terminals. A lithium ion battery module includes a housing, a first
battery cell disposed in the housing and having a cell terminal protruding
from a surface of a casing of the first battery cell, where the cell terminal is
configured to enable electrical connection to the battery cell, and a washer
stack disposed about the cell terminal. The washer stack has an electrically in-
sulative washer and an electrically conductive washer. The electrically con-
ductive washer is disposed adjacent to the electrically insulative washer such
that the electrically insulative washer is positioned between the electrically
conductive washer and the surtace of the casing, and the electrically conduct-
ive washer is configured to enable electrical connection to the cell terminal.
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WASHERS FOR A LITHIUM 10N BATTERY CELL TERMINAL

CROSS-REFERENCE TO RELATED APPLICATIONS

{0601  This applicasion claims priority from apd the berefit of US. Provisional
Application Serial No. 627100001, entitled "MECHANICAL AND ELECTRICAL

ASPECTS OF LITHIUM HON BATTERY MODULE WITH VERTICAL AND
HORIZONTAL CONFIGURATIONS,” filed Jawuary 5, 2015, and .S, dpplication

14/673,740, enmtitled "WASHERS FOR A LITHIUM ION BATTERY CELL TERMINAL, "
JHed March 30, 2015, bath of which are hereby Incorporated by reference, in their

entirefy for all purposes.

BACKGROUND

{08021 The present disclosure refates generally to the feld of battenies and battery
modules. More specifically, the present disclosure relates to washers for a battery

module.

{0003]  This section is iitended to introeduce the reader to various aspects of art thag
may be related to various aspects of the present disclosure, which are described below,
This discussion is believed to be helpful i providing the reader with background
mformation to factlitate a better understanding of the variows aspects of the present
disclosure. Accordingly, it should be understood that these statements are to be read in

this light, and not as admisstons of prior art,

{0004] A vehicle that uses one or more battery systems for providing all or a portion
of the motive power for the vehicle can be referred to as an xEV, where the term “xEV™
is defined hersin to include all of the following vehicles, or any variations or
combinations thereof, that use electric power for all or a portion of ther vehicular motive
force. For example, xEVs include electric vehicles (EVs) that utihize electric power for
all motive force.  As will be appreciated by those skilled in the arnt, hybrd electric

vehicles (HEVs), also considered xEVs, combine an internal combustion engine
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propulsion system and a battery-powered ¢lectric propulsion system, such as 48 Volt {(V)
or 130V systems. The term HEV may include any variation of a hybrid electric vehicle.
For example, full hybrid systems {(FHEVS) may provide motive and other electrical
power to the vehicle using one or more glectnic motors, using only an infemal combustion
engine, or using both. In contrast, mild hybeid systems (MHEVs) disable the mternal
combustion engine when the vehicle is idling and utilize a battery system to continue
powering the air conditioning unit, radio, or other electronics, as well as to restart the
engine when propuolsion is destred. The mild hybrid system may also apply some level of
power assist, during acceleration for example, to supplement the internal combustion
engine, Mild hybrids are typically 96V 1o 130V and recover braking energy through a
belt or crank integrated starter generator. Puorther, a mucro-hybrid electric vehicle
{mHEV} also uses a “Stant-Stop” system simular to the mild hybrids, but the micre-hybrid
systemns may or may not supply power assist fo the internal combustion engime and
operate at a voltage below 60V, For the purposes of the present discussion, it should be
noted that mHEVs typically do not technically use electric power provided divectly to the
crankshaft or twansmussion for any portion of the motive force of the vehicle, but an
mHEV may still be considered an xEV since 1t does use electric power to supplement a
vehicle’s power needs when the vebicle 13 dling with mternal corsbustion engine
disabled and recovers traking energy through an integrated starter generator. T addition,
a plug-in eleciric vehicle {(PEV) is any vebicle that can be charged from an external
source of electricity, such as wall sockets, and the energy stored in the rechargeable
battery packs drives or contributes to drive the wheels. PEVs are a subeategory of EVs
that mclude all-electric or battery electric vehicles (BEVs), plug-mm hybnid electric
vehicles (PHEVs), and electric vehicle conversions of hybrid electric vehicles and

conventional internal combustion engine vehicles.

{0005  xEVs as described above may provide a nomber of advantages as compared to
more traditional gas-powered velucles using only mternal combustion engines and
traditional electrical systems, which are typically 12V systems powered by a lead acid

battery miodule.  For example, xEVs may produce fewer undesirable emission products

o
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and may exhibit greater fuel efficiency as compared to waditional internal combustion
vehicles and, in some cases, such xEVs may elinminate the use of gasoline entirely, as is

the case of centain types of EVs or PEVs.

J0006]  As iechinology continues to ovolve, there 15 a need to provide mmproved powsy
sources, particularly battery wodules, for such vebicles and other tuplementations. For
example, it is now recognized that terminal posts of battery cells may experience shear
forces via transmission from featores {e.g., bus bars) that are used to form electrical
interconpections between the cell terminals and other electrically conductive elements
{e.g., additional cell tenmingls or battery module terminals).  Accordingly, it is now
recognived that it may be desirable to mitigate or reduce the effect of these tramsmitted

forces on the ternunals.

SUMMARY

[0897] A susunary of certain embodiments disclosed berein s set forth below. It
should be understood that these aspects are presented merely to provide the reader with a
brief summary of these certain embodiments and that these aspects are not intended to
limit the scope of this disclosure. Indeed, this discloswre may encompass a variety of

aspects that may not be set forth below.

{0808}  The present disclosure relates to a hithium ion battery module that includes ¢
housing, a first battery cell disposed in the housing and having a cell terminal protrading
from a surface of a casing of the first battery cell, where the cell terminal is configured to
enable electrical connection to the battery cell, and a washer stack disposed abount the cell
terminial,  The washer stack has an electrically insulative washer and an electrically
conductive washer. The electnically conductive washer s disposed adjacent to the
clectrically insulative washer such that the electrically insulative washer is positioned
between the electrically conductive washer and the surface of the casing, and the
electrically conductive washer 15 configured to enable electrical connection to the cell

ternmal.
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[00609]  The present disclosure also relates to a lithium ion battery module that includes
a housing, 8 battery cell disposed m the housing and having a cell termunal protruding
from a surface of a casing of the first battery cell, where the cell terminal is configured to
enable electrical connection to the battery cell, and a wagsher stack disposed about the cell
terminal. The washer stack has an electrically insulative washer and an elecinically
conductive washer. The electrically msulative washer is disposed adjacent to the surtace
of the casing and the electrically conductive washer is disposed in the washer stack such
that the electrically insulative washer is positioned between the electrically conductive
washer and the surface of the casing. The battery module also includes a bus bar

electrically coupled to the cell ternuinal via the electrically conductive washer,

{0010]  The present disclosure further relates to a battery modude that includes a
housing, a battery modale termimal configured to provide an electrical ouvtput of the
battery module when coupled to an electrical load, a battery cell disposed in the housing
and having a cell terminal protruding from a surface of a casing of the first battery cell,
where the cell terminal 15 configured to enable electrical connection to the {first battery
cell, and a washer stack disposed about the cell termingl. The washer stack has a stack of
electrically insudative washers disposed adjacent to the swrface of the casing and an
electrically conductive washer disposed adjacent to the stack of electrically msulative
washers such that the stack of electrically insulative washers are positioned between the
electrically conductive washer and the surface of the casing. The batterv module also
nclodes 2 bus bar electrically coupled to the electrically conductive washer, wherein the
bus bar is configured to establish an electrical connection between the battery cell and the

battery module terminal,

DRAWINGS

{0011]  Various aspects of this disclosure may be better wnderstood upon reading the

following detailed description and upon reference to the drawings in which:
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[0012] FIG. | is a perspective view of an xEV having g battery system configured to
provide power for vartous components of the xEV, in accordance with an aspect of the

present disclosure;

0013 FIG. 2 s a cutaway schematic view of an enthodiment of the xEV that utilizes

the battery system of FIGL 1, in accordance with an aspect of the present disclosure;

[0014] FIG. 3 s an exploded view of an embodiment of the lithium ion battery
module having battery cells with one or more washers disposed about cell terminals, m

accordance with an aspect of the present disclosure;

[0015]  FIG. 4 is an exploded view of one of the battery cells of the battery module of

FIG. 3, in accordance with an aspect of the present disclosure;

[00t6]  FIG. 513 a perspective view of the battery cell of FIG. 4 with terminal washers
disposed over battery cell rernunals, i accordance with an aspect of the present

disclosure;

[0017]  FIG. 615 a perspective view of an electrical connection between g bus bar and
a conductive washer disposed about cell terminals, m accordance with an aspect of the

present disclosure;

[0018]  FIG. 7 schematically illustrates exaggerated movement of terminal washers in
response to transmission of a shear foree from 8 bus bar, 1 accordance with an aspect of

the present disclosure;

jB019)  FIG. 8 illustrates a washer stack having a conductive washer substantially
aligned with a top of a cell terminal, in accordance with an aspect of the present

disclosure;

{00207 FIG. 9 dlustrates a cell terminal protruding beyond a conductive washer of 8

washer stack, in accordance with an aspect of the present disclosure;

LA
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{0021} FIG. 10 dlustrates a cell terminal positioned between a top surface and a
bottom surface of a conductive washer of a washer stack, in accordance with an aspeet of

the present disclosure;

00221 FIGS. 11-13 depict top-down views of difforent shapes of the washers

disposed about the cell tevminals, in accordance with an aspect of the present disclosure;

{00231 FIG. 14 18 a cross-sectional view of a washer stack oriented substantially
parallel to a casing of a battery cell, In accordance with an aspect of the presemt

disclosure;

[0024]  FIG. 15 is a cross sectional view of a washer stack baving a protrusion
extending toward a casing of a battery cell, i accordance with an aspect of the present

disclosure; and

j0028) FIG. 16 15 a cross sectional view of a washer stack having g protrusion
extending away from a casing of a batiery cell, in accordance with an aspect of the

present disclosure.

DETAILED DESCRIPTION

[0026]  One or more specific embodunents will be described below. In ap effort o
provide a concise description of these embodiments, pot all features of an actual
implementation are described in the specification. It should be appreciated that in the
development of any such actual implementation, as in any engineering or design project,
numerous implerentation-specific decisions must be made to achieve the developers’
specific goals, sach as complisnce with system-related and bosimess-related constraings,
which may varv from one implementation to another. Moreover, it should be appreciated
that such a development effort might be complex and time consunming, but would
nevertheless be a routine undertaking of design, fabrication, and manufacture for those of

ordinary skill having the benefit of this disclosure.
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{0027]  Battery modules, in accordance with the present disclosure, may mictude one or
more battery cells. The battery cells may each include terminals that enable electrical
interconnections to be formed between the individual batterv cells, as well as between the
battery cells and a wodole terminal. Such electrical interconnections may be created by
coupling battery cell terminals of different battery cells togsther using a conductive
component {e.g., via a bus bar). However, such components may fransmit an undesirable
force andfor stress to the battery cell terminals. It is now recognized that disposing one
or more washers over the battery cell termunals, and coupling the bus bars to the washers,

may reduce such undesirable forces andfor stresses on the battery cell terminals.

{0628]  The present disclosure includes embodiments of a battery cell having washers
disposed over terminals of the battery cell. The washers may include 8 combination of
msulative {e.g., plastic or ceramic) washers and metallic (e g, alumimen or copper)
washers. To establish electuical connections between the battery cells, bus bars are
disposed agamst {e.g., welded to) outenmost surfaces of the metallic washers, where the
outermost surfaces of the metallic washers are in plane with, protrude beyond, or are
recessed with respect to outermost surfaces of the temmingls.  Utlizing washers disposed
on the battery cell terminals may redoce shear forces applisd to the battery cell tenminals,

thereby inCreasing the hife of the battery module,

j0029]  To help illustrate, FIG. 1 1s a perspective view of an embodiment of a vehicle
10, which may utilize a battery system 12 that includes washers disposed over battery cell
terminals, as described in the present disclosure. It is now recognized that it is desirable
for the non-traditional battery system 12 {e.g., a hithitm ion car battery having termingl
washers} to be largely compatible with traditional vehicle designs.  In this respect,
present embodiments include various types of battery modules for xEVs and systers that
mclude xEVs, Accordingly, the battery system 12 may be placed in a location in the
vehicle 10 that would have housed g traditional battery system {e.g., a standard 12V lead

acid batiery or a 12V lithiem jon battery with no terminal washers). For example, as
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ilustrated, the vehicle 10 may include the battery system 12 positioned similarly to a

tead-acid battery of a combustion~engine vehicle {e.g., under the hood of the vehicle 10}

[003¢] A more detailed view of the battery system 12 18 descnibed in FIG. 2. As
depicted, the battery systemn 12 includes an encrgy storage component 14 coupled o an
ignition system 16, an alternator 18, a vehicle console 20, and optionally to an eleciric
motor 22, Generally, the energy storage component 14 may capture/store electrical
energy generated 1n the vehicle 10 and output electrical energy to power electrical
components in the vebicle 100 Additionally, the energy storage component 14 may
output electrical energy to start {e.2., Te-start or re-ignite} an imernal combustion engine
24, For example, in a start-stop application, (o preserve fuel, the internal combustion
engine 24 may idle when the vehicle 10 stops.  Thus, the energy storage compeonent 14
may supply energy to re-start the internal combustion engine 24 when propulsion is

demanded by the vehicle 10,

{0031}  The battery svstem 12 may also supply power to components of the vehicle’s
electrical system, which may include radiator cooling fans, chimate control systems,
electric power steering systems, active saspension systems, auto park systems, glectric oil
pumps, electric super/twbochargers, electric water punps, heated windscreen/defrosters,
window Hft motors, vanity lights, tire presswre monitoring systems, suarcoef motor
controls, power seats, alanm svstens, mictainment systems, navigation features, lane
departure warning systems, electric parking brakes, external lights, or any combination
thereof. In the depicted embodiment, the energy storage component 14 supplies power to
the vehicle console 20 and the ignition system 16, which may be used to start {e.g., crank)

the internal combustion engine 24,

{0032]  Additionally, the energy storage component 14 may captwre electrical energy
generated by the alternator 18 andfor the electric motor 22, In some embodiments, the
alternator 18 may generate electrical energy while the mternal combustion engine 24 is
runping.  More specifically, the alternator 18 may convert the mechanical energy

produced by the rotation of the intersal combustion engine 24 into electrical energy.
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Addivionally, or aliernatively, when the vehicle 10 includes an electric motor 22, the
glectric mwotor 22 may generate electrical energy by converting mechanical energy
produced by the movement of the vehicle 10 {e.g., rotation of the wheels) mto electrical
energy. Thus, in some embodiments, the energy storage component 14 may capture
electrical energy generated by the alternator 18 andior the electric motor 22 during
regenerative braking. As such, the alternator andior the electric motor 22 are generally

referred to herein as a regenerative braking system.

{00331 To facilitate capturing and supplying electrical energy, the energy storage
component 14 may be electricallv coupled to the vehicle's electric systemt via a bus 26,
For exanple, the buy 26 may enable the energy storage component 14 to receive
electrical energy generated by the altemator 18 andior the electric motor 22
Additionally, the bus 26 may enable the energy storage component 14 to output electrical

energy to the ignition system 16 and/or the vehicle console 20

{0034}  Additionally, as depicted, the energy storage component 14 may mclude
multiple battery modules. For example, in the depicted embodiment, the energy storage
component 14 includes a fithium ion {e.g., a first) battery module 28 and a lead acid (2.g.,
a second) battery module 30, which each includes one or more battery cells.
Additionally, the energy storage component 14 may include any mumber of battery
modules, all or some of which may include terminal washers configured to pratect cell
terminals. Although the lithnen ion battery module 28 and lead-acid battery module 30
are depicted adjacent to one another, they may be positioned in different areas around the
vehicle. For example, the lead-acid battery module 30 may be posttioned in or about the
intertor of the vehicle 10 while the lithium ion battery module 28 may be positioned

under the hood of the vehicle 10,

[0035]  In some embodiments, the energy storage component 14 may include multiple
battery modules to utilize multiple different battery chemistries. For example, when the
lithivm ion battery module 28 is used, performance of the battery system 12 may be

mmproved since the lithwum ton battery chemistry generally has a higher conlombic
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efficiency andfor a higher power charge acceptance rate {e.g., higher maximum charge
cwrent or charge voltage) than the lead-acid battery chemustry.  As such, the captuore,

storage, and/or distribution efficiency of the battery system 12 may be improved.

j0036]  To facthrate controlling the capturing snd storing of electrical energy, the
battery systemn 12 mway addionally include a control wodule 32 (g, a battery
management system). More specifically, the control module 32 may control operations
of components in the battery system 12, such as relays (e.g., switches) within the energy
storage component 14, the alternator 18, andfor the electric motor 22. For example, the
control module 32 may regulate an amount of electrical energy captured/supplied by each
battery module 28 or 30 (c.g., 10 de-rate and re-rate the battery svstem 12}, perform toad
balancing between the battery modules 28 and 30, determine g state of charge of each
battery module 28 or 30, determune a temperatare or voltage of each battery module 28 or
30 {e.p., via a signal received from one or more sensmg components), control voltage

output by the alternator 18 and/or the electric motor 22, and the like.

[0037]  Accordingly, the controf unit 32 may include one or wmore processor units 34
and one or more memory components 36. More specifically, the one or more processor
units 34 may include one or more application specific integrated circuits (ASICs), one or
more field programmable gate arvays (FPGAS), one or more general parpose processors,
or any combination thereof. Additionally, the one or more memory components 36 may
include volatile memory, such as random access memory {RAM}, and/or non-volatile
memory, such as read-only memory (ROM), optical drives, hard disc drives, or solid-
state drives. In some embaodiments, the control unit 32 may nclode portions of a vehicle
control wnit {VCU) andior a separate battery control module. Furthermore, as depicted,
the lithinm ion battery module 28 and the lead-acid battery module 30 are connected in
parallel across thewr termunals. In other words, the lithsum ion battery module 28 and the
lead-acid module 30 may be coupled in parallel to the vehicle’s electrical system via the

bus 26,

13
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[0038]  As discussed previously, washers may be disposed over tenminals of battery
cells of, for example, the battery module 28 to reduce or eliminate shear forces exerted on
the battery cell ternunals,  Present embodiments may be further appreciated with
reference to the battery module of FIG. 3, which is an exploded view of an embodiment
of the Hithiwn ton battery module 28 having one or more washers disposed on ternuinals
of one or more battery cells. However, 1t should be noted that the battery module 28
itlustrated in FIG. 3 is mtended to represent any battery module confignration that may

benefit from the present technigaes.

J003%]  As shown in FIG. 3, the Hthiuen {on hattery module 28 may include a plurality
of battery cells 800 The battery cells 50 may be arranged in g Dust stack 52 and a second
stack 54, where the battery cells 50 are positioned adjacent one another in orientations
where respective terminals 36 of the battery cells 30 are positioned at the same zide of the
stacks 82, 54, Accordingly, adjacent battery cells 50 will have terminals 36 that are
adjacent to one another i each of the first and second stacks 52, 54, As an example, the
embodiment of FIG. 3 mchudes the first and second stacks 52, 54 in a side-by-side
tefationship. In other embodiments, the first and second stacks 52, 54 may be configired
i another orientation (e.g., a top to bottom relationship). 1o sull futher embodiments,
only one cell stack may be included in the battery module 28, or more than two cell

stacks may be mncladed (e.g., 3.4, 5,6, 7, 8, 9, 10, or more cell stacks).

[0040]  As shown in FIG. 3, the battery module 28 may include a module housing 57
constructed of any appropriate material, sach as an amide-based polvmer, a polvolefin
{e.g, polypropyvlene), or any other material. The module housing 57 includes 4 cell
receptacle region 38, where the battery cell stacks 32 and 54 are positioned within the
battery module housing 57, In the iHlustrated embodiment, the battery cells 50 are
positioned mto the cell receptacle region 3R “bottom first,” where the terminals 36 of

each batterv cell 30 point outwardly toward an opening 39 of the receptacle region 58,

{0041} To faciliate discussion of the present embodiments, FIG. 4 illustrates an

exploded view of one of the battery cells 50 having terminal washers in accordance with

I
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an cmbodiment of the preseat disclosure. In a prismatic cell configuration, as shown m

FIG. 4, the battery cell 30 mcludes a top swrface 60 having at least one cell terminal 36

{the illustrated embodiment has two cell tfernunals 56 extending from the top surface 60).

{00421  The illustrated battery coll of FIG. 4 slso includes faces 62, corresponding o
the broadest part of a casing 64 of the battery cell 500 A bottom surtace 66 is
substantially opposite the top surface 60. The faces 62 extend between the top surface 60
and bottom surface 66 and gre coupled by first 68 and second 70 sides, which may be
straight, rounded, or any other suitable geometry. The casing 64 {e.g.. housing) of the
battery cell 50, which houses the aetive electrochemics! elements of the cell 50, may be
polymeric, wetallic, composite, or any other snitable waterial. Further, it should be noted
that the present embodiments are not limited to battery modules having prismatic battery
cells, but are alse infended to include embodiments where the battery cells SO are pouch
battery cells, cylindrical battery cells, and so forth. Furthermore, while described m the
context of the lithium ion battery module 28 having lithiom ion battery cells 50, the
present disclosure is applicable to other battery chemistries that may benefit from the

washers.disclosed herein.

{0043]  As shown in FIG. 4, in accordance with embodiments of the present disclosure,
the terminal $6 may have a post configaration and may protrude from the top surface 60
of the casing 64 1o facilitate an electrical connection with, for mstance, another terminal
56 of another battery cell 30 asing electrical connecting features {e.g.. bus bars}. In other
embodiments, the teominal 56 may protrude from the bottom surface 66 of the casing 64.
In embodiments where the battery cell 50 includes protroding terminals 56, it i now
recognized that tenminal washers, shown generally as a washer stack 72, may provide
additional structural support to the terminals 56, For example, the illustrated washer
stack 72 may be fitted over the terminals 56 of the battery cells 50, The washer stack 72,
i & peneral sense, provides additional stroctural support to the termunals 56 and reduces
the transnyssion of forces 1o a provuding terminal 56 from other components {e.g., the

bus bar) to which the terminal 56 is connected.
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[0044]  The washer stack 72 may include one or more insulative {e.g., plastic) washers
74 and one or more condactive {e.g., metallic) washers 76, As shown, the washer stack
72 may include two msulative washers 74 and one conductive washer 76. In other
embodiments, the batlery cell 30 may include only one insulative washer 74, no
msulative washers 74, or more than two insulative washers 74 {e.g., 3,4, 5, 6.7, 8.9, 14,
or more). Sunilarly, in other embodiments, the battery cell 30 may have more than one
conductive washer 76 (e.g., 2, 3,4, 5, 6, 7, 8, 9, 10, or more) or no conductive washers

76.

j0045]  The insulative washers 74 of FIG. 4 may also inclode g recess 77 that may be
configared to recetve one or more of the condnctive washers 76, As such, the mnsulative
washers 74 may be positioned between the conductive washer 76 and the surface 66 of
the casing 64, thereby preventing any interference caused by the casing 64, In certain
embodiments, the recess 77 may fully recetve the conductive washer 76, such that the
face 78 of the washer is flush with a top 81 of the recess 77. The recess 77 may also

enable the wsulative washer 74 adjacent to the surface 66 {e.g., directly adjacent to the
surface 66) of the casing 64 o it completely over protrusions 79 of the cell terminals 56,
The recess 77 may then enable the washer stack 72 to fit secuvely over the cell tenminals

6,

(3

j0046]  FIG. 3 dlustrates a perspectve view of the battery cell 50 of FIG. 4 with the
terminal washers disposed over the cell terminals 56, As shown in the illustrated
embodiment, one washer stack 72 is fitted over each of the terminals 56 of the battery
cell S0, In certain emboditaents, the washer stack 72 s arranged so that the conductive
washer 76 iz on top of the stack 72, such that a face 78 of the conductive washer 76 is
exposed to act as a terminal pad for the termunal 56,  Accordingly, an electrical
connection to an intermediate connecting featore {e.g., bus bars) may be established via a
weld or connection, for example, between the conductive washer 76 (e.g., a weld 1o the

fec,

face 78) and the intermediate connecting feature {e.g, a bus bar). i one embodinent, by

o
L
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acting as a texminal pad, the conductive washer 76 allows clectrical connection between

the ternnnal 56 and the bas bar without a divect physical connection between them.

{00471 FIG. 6 illostrates a perspective view of an embodiment of an electrical
connection formed by a weld, for example, between a bus bar 80 and one of the
comductive washers 76, In certain embodiments, a divect physical connection between
the bus bar 80 and the cell terminal 36 i3 absent. Accordingly, the bus bar 80 may only
be electrically connected to the conductive washer 76 {e.g., without physical coupling).
As shown i FIG. 6, the bus bar 80 and the conductive washer 76 may contact ong
another 1o form the electrical connection (g2, the face 78 of the conductive washer 76
contacts a face of the bus bar 80). Additionally, the insulative washers 74 may be
disposed between the electrically conductive washer 76 and the casing 64, such that no
electrical connection may be formed between the bus bar 80 and the casing 64 {e.g., no
glectric current flows through the msulative washers 74 at the operating voltage of the
module 2R8). Because the bus bar 80 s not directly physically coupled to the terminal 36,
the bus bar 80 may not exert undesirable shear forces upon the battery terminals 56,
Therefore, the washer stack 72 may be configored to provide protection to the cell

teomimals 36 by absorbing such forces, thereby enhancing the life of the battery cell 50.

e

{BO48]  An example of the protection provided by the washer stack 72 to the terminals
56 is shown schematically m FIG. 7, where movement of the washers Is exaggerated for
clarity. As shown in FIG. 7, a force, such as a shear force 90 {e.g., a lateral force with
respect to the axial direction of the terminal), is applied to the bus bar 80, In cenain
embodiments, the bus bar 80 may transfer the force 90 {o the washer stack 72 instead of
the cell texminal 36, For example, the washer stack 72 may be configured to absorb some
or all of the transferred forces 90, As shown in the illustrated embodiment of PIG. 7. the
washer stack 72 may shift m response 1o the shear force 90, whereas the cell terminal 56
experiences little 10 no apphied force. In other embodiments, the washer stack 72 may

experience no movement. Instead, the force 90 may be absorbed and distributed through

14
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the materials of the mdividual washers that make up the washer stack 72, such that little

to no force may be applied io the cell ternunal §6.

{0049]  Indeed, the matenal composition of the washer stack 72 may be selected to
provide a desired degree of force absorbance, and the llustrated {exaggerated) movement
of the individual washers will generally depend on the number and material construction
of the washer stack 72. For example, one or more washers of the washer stack 72 may
include the insulative {e.g., non-conductive) washers 74 of a material composition that
enables a higher degree of flexibility of the washer stack 72. Additionally, the material
construction of @ washer of the washer stack 72 may be selected to provide resistance
against the force 90, for example by selecting a relatively hard material that may absorb
the force 90, As non-hmiting examples, washers with a Shore D hardness of greater than
50 or a Shore A hardness of greater than 70 may resist movement resulting from the shear
forces 90. Shore A hardness values less than about 60 may provide absorbance of the
shear forces 90, but may exhibit some movement. However, it should be noted that the
washers of the washer stack 72 may have any hardness value or combination of values

{for combinations of washers) suitable for a desired configuration of the washer stack 72.

{0850]  As also shown in FIG. 7, the washer stack 72 wmay inclade & first insulative
washer 92 and a second insulative washer 94 positioned about the terminal 36 and
adjacent to {e.g., contacting) the top surface 60 of the battery cell 30 While the
tihustrated embodiment of FIG. 7 includes the two insulative washers 92 and 94, more
than two msulative washers 74 may be included in the washer 72, or less than two
insulative washers 74 may be included in the washer stack 72. The first 92 and second 94
insulative washers may, for example, reduce the likelthood of a short between the
terminal 56 of a particular battery cell 50 and a terminal 56 of an adjacent battery cell 50.
The electrically msulative washers 92 and 94 are preferably located closest, within the
washer stack 72, to the top surface 60 of the cell casing 64, so that the ternunal 56 and the

conductive washer 76 remain electrically insulated from the casing 64, In addition, ag

ot
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described above, it may be desirable for there 1o be muhiple clectrically insulative

washers 92 and 94 to provide increased flexibility in the washer stack 8.

[0051] By way of non-limiting example, the electnically insulative washers 74 (e.g.,
the first washer 92 and the sccond washer 94) may include an electrically msulative
polymeric material, an elecirically insulative composite material, electuically wsulative
cerantics, and the ke, Whether the material is electrically insulative may be determined
based on the desired degree of electrical separation between the terminal post of the
terminal 56 and other external, electrically conductive features of the battery module 28,
such as an adjacent battery cell 30 and s assecigted termumals 56, For example, the
electrically insulative washers may geverally be confipured to resist or impede parasitic
current draw from the terminals 36 by way of contact with other electrically conductive
featares {e.g., the bus bar 80) of the modude 28, and may be configured to prevent a short
cireuit from being formed by way of inadvertent electrical pathway formation {e.g., with

an adjacent terminal 56).

{0052}  In addition, the conductive washer 76 of the washer stacks 72 may mclode a
suitable amount of conductive material.  The amount of conductive material will
generally be an amount suitable to provide a desired degree of conductivity between the
cell tepminals 56 and the interconnecting features {e.g., the bus bars 80). In ventain
embodiments, the conductive washers may be metallic, such as aluminum, copper, or the
Iike. The conductive washers 76, in certain embodiments, may serve as an electrical
mterface with the bus bar 80, as shown in FIGS. 6 and 7. Again, this may result n a
reduced amount of shear forces being placed on the terminal 36 of the battery cells 50,
which may prolong the life of the battery cells 30 and reduce the hikelihood of a

compromised battery cell casing 64,

j0053]  In certain embodiments, the washer stack 72 mayv be such that the conductive
washer 76 1s substantially aligned with a top 96 of the cell terminal 56, as shown in FIG.
8. In certain embodiments, aligning the top 96 of the cell terminal 56 with the face 78 of

the electrically conductive washer 76 may enable a strong electrical connection between

16
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the cell terminal 56 and the bus bar 80, while reducing or climinating exertion of the
shear force 90 on the cell termmal 6. For example, configiwing the washer stack 72
such that the face 78 of the electrically conductive washer 76 is substantially flush with
the top 96 of the cell terminal 536 may enable a direct electrical connection between the
cell terminal 56 and the bus bar 80 because the two components may contact one another.
Moreover, because of the presence of the washer stack 72, the cell terminal 36 may not
be physically attached to the bus bar 80 (2.g., welded together). This lack of a physical
attachment may prevent or reduce damage to the cell termunal 56 from the shear forces 90
exerted on the bus bar 80, Additionally, configuring the washer stack 72 sach that the
conductive washer 76 is substantially aligned with the top 96 of the cell terminal 56 may
also faciltitate the coupling {e.g., welding) of the electrically conductive washer 76 and
the bus bar 80. For example, because the cell terminal 36 does not protrude bevond the
face 78 of the electrically conductive washer 76 (e.g.. as shown w FIG. 93 the weld
between the washer 76 and the bus bar 830 may be performed without physical

mterference because of the lack an obstacle impeding access to the washer face 78,

{0054]  In other embodiments, the washer stack 72 may be configured such that the top
96 of the terminal 56 protrudes bevond the conductive washer 76, as shown in FIG. 9.
This configuration mayv be destrable 1n embodiments where the bus bar 80 has an opening
configured to receive the terminal 86, In sull fiwther embodiments, the washer stack 72
may be such that the top 96 of the terminal 36 is recessed within the conductive washer
76, as shown in FIG. 10 {e g, between the face 78 of the electrically conductive washer
76 and the second face of the electrically conductive washer 76). Such a configuration
may be desirable to provide physical displacement between the bus bar 80 and the

terminal 56.

[0055]  While the emtbodiments set forth above include vound shapes {e.g., from a top-
down view of the cell rermuingl 56} for the electrically insulative 74 and elecirically
conductive 76 washers making up the washer stack 72, the washers andior the washer

stack 72 mayv have other geometries. For example, the washers (e.g., the conductive 76

17
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andfor insulative washers 74) may be square, hexagonal, or any other suitable geometry,
as shown i FIGS. 11-13.  Addiwionally, the cell teromnal 56 may also have other
geometries (e.g., square, hexagonal). Specifically, FIGS. 11-13 may be considered to be

a top-down view of different embodiments of the washers disposed about the tesminal 56,

{0856]  The washers may also bave vanous cross-sectional geometries having
particular configurations. For example, the washers shown in FIGS. 3-13 may have the
cross-sectional geometry shown in FIG. 14, As shown in the cross-sectional side view of
FIG. 14, a washer 100 s ortented substantially parallel to the top surface 60 of the casing
64,

{00571 However, other embodiments of the washer 100, such as those shown in FIGS.
15 and 16, include cross-sectional geometries that are not oriented parallel, but nstead
mclude a first portion 102 and a second portion 104 that are oriented crosswise relative to
one another. Specifically, the first portion 102 may be onented sobstantially parallel
relative to the casing 64, while the second portion 104 {e.g., a protrusion) may extend
toward {e.g., in FIG. 15) or away from {e.g, in FIG. 10} the casing 64. The second
portion 104 (e.g., protrusions) of the washer 100, as shown in FIGS. 15 and 16, may be
configured to prevent displacement of the terminal 56, such as ateral displacement of the
top portion 96 of the terminal 58 In this way, the second portion 104 {e.g., protrusions)
of the washer 100 may provide additional blocking of the shear forces 90 (e.g., as shown
in FIG. 7} from causing movement of the terminal 36, While specific embodiments are
shown in FIGS. 14-16, the washer 100 may have other cross-sectional geometries not
expheitly tHlustrated, such as geometries with rounded portions, multiple protrusions,

recesses, and so forth.

{0058] One or maore of the disclosed embodiments, alone or in combination, may
provide one or more technical effects including reducing shear forces applied to a
terminal post of a battery cell by disposing one or more washers over the battery cell
terminal post. The stack of washers may resist or absorh the forces, thereby reducing the

forces applied to the terminal post and extending the life of the battery cell as well as the

18
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overall battery module. The technical effects and technical problems m the specification
are exemplary and are not hmiting. It should be noted that the embodiments described in

the specification may have other technical effects and can solve other technical problems.

{0053 The specific ombodiments described above bave been shown by way of
sxample, and it should be vaderstood that these embodiments may be susceptible o
vartous modifications and alternative forms. It should be further understood that the
clairas are not intended to be limited to the particular forms disclosed, but rather to cover
all modifications, equivalems, and alternatives falling within the spirit and scope of this

disclosure;
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CLAIMS:

L. A lithium ion battery module, comprising:

a housing;

a first battery cell disposed in the housing snd having a cell terminal protruding
from a surface of a casing of the first battery cell, wheretn the cell terminal is configured
to enable electrical connection to the battery cell; and

a washer stack disposed about the cell terminal, comprising an electrically
insulative washer and an electrically conductive washer; and

wherein the electsically conductive washer is disposed adjacent to the
electrically insulative washer soch that the electrically msulative washer is positioned
between the electrically conductive washer and the surface of the casing, and wherein the
electrically conduactive washer 15 configured to enable electrical connection to the cell

terminal.

2. The lithivm ion battery module of claim | wherem the elecinieally
conductive washer 15 welded to a bus bar such that the bus bar 1s electrically connected to
the cell ternunal, and whereitn a physical connection between the bus bar and the cell

terminal 1s absent,

3. The hthium ion battery module of claim I, wherein the elecirically
conductive washer has a top surface and g bottown surface, and wherein the bottom
surface is adjacent to the electrically insalative washer and the top surface 1s adjacent to a

bus bar.

4, The lithium ilon battery module of claim 3. wherain the top surface is
) ;3

substantially aligned with the cell terminal.

S The lithiom jon battery module of claun 3, wherein the cell terpunal

protrudes beyond the top surface,
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6. The lihium ton battery module of claim 3, wherein an upper surface of the

cell terminal is positioned between the top surface and the bottom surfsce.

7. The hthiwm fon battery module of claim 1, wherem a washer of the washer
stack comprises a cross section with a length that is oriented substantially parallel to the

surface of the casing.

8. The lithium fon battery module of claim 1, wherem a washer of the washey

stack comprises a protrusion extending away trom the surface of the casing.

9, The hithinm 1on battery maduale of clamm 1, wherein a washer of the washer

stack comprises a protrosion extending toward the surface of the casing.

10, The liahiuwm fon battery module of claim 1, wheremn one er both of the
glectrically insulative washer and the slectrically conductive washer comprise a round

shape, a square shape, a polygonal shape, or any combination thereof.

11, The lithium fon battery module of ¢laim 1, wherem the electrically

insulative washer comprises a polymeric material

12, The Lthiom ion battery modole of claim 11, wherein the polymenc

material comprises a Shore D hardness of greater than 50.

13, The lihiwm ion battery module of claim 11, wherein the polymeric

matenial comprises a Shore A hardness of greater than 70

14, The lnhium jon battery module of claim 1, wherein the electneally

conductive washer comprises copper.
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13, The hihium ion battery module of clamn 1, wherein the electnically

conductive washer comprises aluminum.

16, The lithiwm jon bavtery module of claim |}, wherein the electucally

msulative washer 1s disposed adjacent to the surface of the casing.

17. A lithium ion battery module, comprising:

a hoasing;

a battery cell disposed in the housing and having 8 cell terminal protruding
from a surface of a casing of the first battery cell, wherein the cell terminal is configured
to enable electrical connection to the batterv cell;

a washer stack disposed about the cell terminal, comprising an electrically
msulative washer and an electrically conductive washer;

wheretn the electrically insulative washer is disposed adjacent to the surface of
the casing;

wherein the electrically conductive washer is disposed in the washer stack such
that the electrically insulative washer 15 positioned between the glectiically condactive
washer and the surface of the casing; and

a bus bar elecirically coupled to the cell tenmingl via the slectrically conductive

washer.

1&  The lithiom ton battery module of claim 17, wherein the electrically
conductive washer i welded to the bus bar such that the bus bar s electtically connected
to the cell terminal, and wherein a physical connection between the bus bar and the cell

terminal is absent.

19, The hthium fon battery module of claim 17, comprising an additional

electrically insulative washer positioned in the stack between the electrically insulative
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washer and the electrically conductive washer, wherein the electrically msulative washer

and the additional electrically insulative washer each comprise a polymeric matenal.

20, The bthiam ion battery module of claim 19, wherein the additional
electrically insulative washer comprises a recess configured 1o receive at least 8 portion
of the electrically condactive washer.

21, Abattery module, comprising:

a housing,

a battery module tenminal configured to provide an electrical output of the
battery module when coupled to an electrical load;

a battery cell disposed tn the housing and having a cell termunal protruding
from a surface of a casing of the first bastery cell, wherein the cell terminal is configured
o gnable electrical connection to the frst battery eell;

a washer stack disposed about the cell terminal, comprising a stack of
electrically insulative washers disposed adjacent to the surface of the casing and an
electrically conductive washer disposed adjacent to the stack of electrically insulative
washers such that the stack of electrically insulative washers are positioned between the
electrically conductive washer and the sorface of the casing; and

a bus bar electrically vonpled to the electrically conductive washer, wherem
the bus bar is configwed to establish an electrical connection between the baitery cell and

the battery module terminal.

22, The battery module of claim 21, wherein the electrically conductive
washer is welded to the bus bar such that the buos bar 18 electrically connected to the cell
terminal, and wherein a physical connection between the bus bar and the cell terminal s

absent.

23, The batery module of clatim 21, wherein the stack of elecivically

msulative washers comprises electrically insulative ceramnc material, electrically

.
i
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msulative polvmenic material, electrically insulative composite material, or any

combination thereof

24, The battery moduole of claim 21, wherein the electrically conductive

washer comprises copper or aluminum.

25 The battery modunle of claim 21, wherein the bus bar is welded to the

glectrically conductive washer.
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