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SYSTEMS AND METHODS FOR BONDING METAL PARTS TO THE
PFOLYMER PACKAGING OF A BATTERY MODULE

CROSS REFERENCE TO RELATED APPLICATIONS

0001} This application claims priovity from and the bencfit of U8, Provisional Application
Serial No. 62250632, entitled “MICRO SURFACE IREATMENT TO ALUMINUM COLD
PLATE, " filed November 4, 2013, which is bereby incorporated by reference in its entively for

all purposes.

BACKGROUND

{8002]  The present disclosure relates generally to the field of batteries and battery modules.
More specifically, the present disclosure relates to bonding oy sealing metal parts o the polymer

packaging of battery modules, such as lithivm-ion battery modules.

j0003f  This section is mtended o introduce the reader 1o various aspects of art that may be
related to varions aspects of the present disclosure, which are described below. This discussion
1s believed to be helpfid in providing the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure. Accordingly, it should be

understood that these statements are to be read m this light, and not as admissions of prior art.

{80041 A vehicle that uses one oy 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
herein to include all of the following vehicles, or any variations or combinations thereof, that use
electric power for all or a portion of their vehicular motive force. For example, xEVs include
electric vehicles (EVs) that utihze electric power for all motive force. As will be appreciated by
those skilled in the art, bvbrid electric vehicles (HEVS), also considered xEVs, combine an
internal combustion engine propulsion system and a battery-powered electric propulsion system,
such as 48 Volt (V) or 130V systems. The term HEV mayv mclude any vanation of a hybnd
electric vehicle, For example, full bvbnd systemns (FHEVs) may provide maotive and other
electrical power to the vehicle using one or more electric motors, using only an infernal
combustion engine, or using both. In contrast, mild hvbrid systems (MHEVs) disable the

internal combustion engine when the vehicle s wdling and otilize a battery system to continue
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powering the air conditioning unit, radio, or other electromes, as well as to restart the engine
when propulsion is desired. The mild hybrid system may also apply some level of power assist,
during acceleration for example, to supplement the iternal combustion engine. Mild hybnids are
typically 96V to 130V and recover braking energy through a belf or crank integrated starter
generator. Further, a micro-hiybrid electric vehicle (mHEV} also uses a “Stop-Start”™ system
simiilar to the mild hybeids, but the micro-hybrid systems of a mHEV may or may not supply
power assist to the internal combustion engipe and operates at a voltage below 60V, For the
purposes of the present discussion, it should be noted that mHEVs typically do not techmically
use electric power provided divectly to the crankshaft or transmission for any portion of the
motive force of the vehicle, but an mHEV may still be considered as an xEV since 1t does use
electric power to supplement a vehicle’s power needs when the velncle is idling with interal
combustion engine disabled and recovers braking encrpy through an integrated starter gencrator.
In addition, a plug-in electrie vehicle (PEV) is any vehicle that can be charged from an external
source of electricity, such as wall sockets, and the energv stored in the rechargeable battery
packs drives or contribpfes to drtve the wheels, PEVg are a subeategory of EVs that mclode all-
electric or battery electric vehicles (BEVs), plug-in byvbnid elecivic vehicles (PHEVS), and
electric vehicle conversions of hybrid electric vehicles and conventional internal combustion

engine vehicles,

[005]  xEVsas described above may provide a nwmber of advantages as compared to more
traditional gas-powered vehicles using only internal combustion engmes and traditional electrical
systems, which are typically 12V systems powered by a lead acid battery. For example, xEVs
may produce fewer undesirable emission products and may exhibit greater fuel efficiency as
compared to traditional tnternal combustion vehicles and, wn some cases, such xEVs may

eliminate the use of gasoline entirely, as is the case of certain types of EVs or PEVs.

{0006]  Batery modules, such as those used in xEVs, typically include a packaging that
houses and protects the internal components of the battery module (2., battery cells, bus bars,
control circuitry) from the external environment. This packaging may be made of different

materials, with polymer packaging affording particular advantages in terms of low prodoction

o
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cost, high strength-to-weight ratio, and clectrically wsulative properties. Funthermore, the
packaging of a battery module may be designed to have other target characteristics based on the
expected use of the battery module, for example, m xEVs or other awtomotive applications. As
such, a battery manufacturer may design the packaging of certain battery modules to be capable
of effectively protecting the internal components of the battery module while withstanding a
range of various environmental and operational conditions (e g, moisture, high temperatures,
low temperatures, vibration). Accordingly, any features disposed at the surface of the packaging
should be sufficiently sealed 1o allow the battery module to pass quality control testing, in which
the packaging is expected to retain its infegrity as the battery module despite exposure to these

harsh environmental and operational conditions.

SUMMARY

{00071 A summary of certain embodiments disclosed berein is 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 disclosure may encompass a variety of aspects that may not be set forth

below.

[6008]  The present discloswre relates 10 a batterv module having a polymer packaging with an
interior and exterior and a plurality of battery cells disposed within the interior of the polymer
packaging. The battery module tncludes a metal part that extends from the intenior o the
exterior of the polviner packaging and is in thermal or electrical contact with at least a portion of
the plurality of battery cells. The metal part includes a bouding surface that is secured to an
overmolded portion of the polymer packaging, wherein the bonding surface has a microsurface
roughness that bermetically seals the bonding susface of the metal part to the evermolded portion

of the polymer packaging.

{0009]  The present disclosure also refates to a method of manufacturing a battery nodule,
melnding performing microsurface treatment to roughen a bonding surface of a metal part. The
method also includes overmolding a portion of a polymer packaging of a battery module 1o the

bonding surface of the metal part to bermetically seal the metal part within the polyner
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packaging. The method hurther includes disposing & plurality of battery cells withun the polyer
packaging and electrically or thenmally coupling the plurality of battery cells to the metal part to

yield the batterv module.

{0010  The presont disclosure also refates to g batiery module including 3 polymer packaging
and a plurality of battery cells disposed within the polymer packaging. The battery module
further includes a terminal assembly electrically coupled to the phurality of battery cells, The
terminal assembly has a bonding surface secured to an overmolded portion of the polymer
packaging, wherein the bonding surface of the terminal assembly comprises a nucrosurface
roughness that hermetically seals the bonding surface of the terminal assembly to the

overmoelded portion of the polvimer packaging.

DRAWINGS

{8011}  Various aspects of this disclosure may be better understood upon reading the

following detarled description and upon reference to the drawings in whick:

{80121 FIG. 1 is a perspective view of a vehicle having a battery system configwred in

accordance with present embodiments to provide power for various components of the vehicle;

{0013} FIG 2 is a cutaway schematic view of an embodiment of the vehicle and the battery

systemt of FIG. 1, m accordance with an aspect of the present disclosure;

{014]  FIG. 3 15 a perspective view of the bottom portion of the polymer packaging of a

battery module, m gccordance with embodiments of the present approach;

{0015]  FIG. 415 a perspective view of a cooling plate prior t0 nicrosurface freatment, in

accordance with embodiments of the present approach;

{0016]  FIG. 5 15 a schematic plan view of the cooling plate of FIG. 4 after selective
microsurface freatment i preparation for overmwolding, in accordance with embodiments of the

present approach;
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{00171  FIG. 615 a perspective view of a tetininal assembly after selective microsurface
treatment in preparation for overmolding, 1 accordance with embodiments of the present

approach;

{0018}  FIG. 7 is g tlow diagram illustrating an example process for manufacturing a battery
modde that inclndes at least one microsurface-treated metal past integrated into the polymer

packaging of the battery module, i accordance with embodiments of the present approach; and

{00191 FIG. 8 s a flow diagram illustrating an example of a process for myicrosurface

treatment of @ metal part, inaccordance with embodiments of the present technigue.

DETAILED DESCRIPTION

{0020]  Onue or more specific embodiments will be described below. In an effort to provide a
concise description of these emboduments, not all featores of an actual implementation are
described in the specification. &t should be appreciated that in the development of any such
actual implementation, as in any enginecting or design project, numerous implementation-
specific decistons must be made to achieve the developers’ specific goals, such as compliance
with syster-related and business-related constraints, which may vary from one implementation
to another. Moreover, it should be appreciated that such a development effort might be complex
and tme consuming, but would nevertheless be a routine undertaking of design, fabrication, and

manufacture for those of ordinary sl having the benefit of this disclosore.

{8021 As set forth above, battery manufacturers may desive that the polymer packaging of a
battery module be capable of effectively protecting the internal components of the battery
module while withstanding varions environmental and operational conditions, including
gxposure to dust and moisture. Additionally, battery manufacturers may desire to attach various
metal features {2.g., cooling plates, terminal assemblies) to various internal and/or external
portions of the polymer packaging. However, particularly for metallic features that extend all the
way through the polvmer packaging, the manufacturer may desirve that the metal part be
effectively sealed {e.g., bonded, adhered) to the packaging so that the ability of the packaging to
isolate and protect the imternal components of the battery module from certain aspects of the

external environment (8., moisture, dust) 18 not compronused by the presence of the metal pan.

LA
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{60221  Accordingly, present embodiments are directed toward systems and methods for
overmolding a metal part in a manner that effectively seals the part 1o the polvmer packaging
without compromising the structural tntegnity of the battery module. As set forth m greater detail
below, present embodiments involve microsurface {reatment of at least the bonding swrface of a
metal part to enhance the swrface ronghness of this portion of the metal part priot to
overmolding. As used herein, the “bonding surface” of a metal part vefers to the portion of the
surface of the metal past that directly contacts and bonds to {e.p., adberes to, seals i an
overmolded portion of the polymer packaging. As used herein, “microsnrface modification,”
“microsurface treatment,” or “microsurface roughening” generally refer to surface treatment that
mtroduces micron-scale andior sub~-micron-scale {e.g., nano-scale} deformities {e.g., edges, pits,
peaks, ridges, troughs), generally referred to herein as “microsurface roughness,” o at least the
bonding surface of a metal part, to merease the surface roughness/surface area of the treated
surface. H is presently recogmized that this microsurface treatment substantially improves
bonding and sealing of metal parts that are overmolded into a portion of the packaging of a
battery module, and may impart other benefits as well, such as improved thermal contact, As
such, the present technigue i3 especially applicable to certain metal pasts, such as the cooling
plates and terminal assemblies discussed below, which extend all the way through a portion of
the polymer packaging and, therefore, risk of compromising the desired water-tight sealing of the
packaging in the absence of the present disclosure. It should be appreciated that the present
technique 1s applicable to any metal part {e.g., terminals, interconnects, structiwal sapports) of
the battery module that would benefit by being secured to {e.g., bonded to, integrated within) the

polyimer packaging of the battery module.

{80231 To help Hustrate, FIG. 1 15 a purspective view of an embodiment of a vehicle 10,
which may utihize a regenerative braking system. Although the following discussion is presented
m relation to vehicles with regenerative braking systems, the techniques described herein are
adaptable to other vehicles that capture/store electrical energy with a battery, which may include

electric-powered and gas-powered vehicles.

[0024]  As discussed above, it would be desirable for a batterv svstem 1210 be largely
compatible with traditional vehicle designs. Accordingly, the battery system 12 may be placed

m a location in the vehicle 10 that would have housed g traditional battery system.  For example,
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as illustrated, the vehicle 10 may inclade the battery system 12 positioned similatdy to a kead-acid
battery of a typical combustion-engine vehicle {e.g., under the hood of the vehicle 10).
Furthermore, as will be described m more detail below, the battery svstem 12 may be positioned
to facilitate managing temperature of the battery system 12, For example, in some embodiments,
positioning a battery system 12 under the heod of the vehicle 10 may enable an air duct to

channel airflow over the battery system 12 and cool the battery system 12

{00251 A more detailed view of the battery svstem 12 is described in FIG. 2. As depicted, the
battery systemn 12 mcludes an energy storage component 13 coupled o an 1gnition system 14, an
alternator 15, a vehicle console 16, and optionally to an electric motor 17, Generally, the energy
storage component 13 may capture/store electrical energy generated in the vehicle 10 and output

electrical energy to power electrical devices in the vehicle 10.

{0026]  In other words, the battery system 12 may supply power to components of the
vehicle's electrical syster, which may inchude radiator cooling fans, climate control systems,
electric power steering systems, active suspension systems, auto park systems, electric oil
puanps, eleciric super/turbochargers, electric water pumps, heated windscreen/defrosters, window
1t motors, vanity lights, tire pressure monttoring systems, sunroof motor controls, power seats,
alarm systems, infotainment systems, navigation features, lane departure warning systems,
glectric parking brakes, external lights, or any combination thereof. Hlustratively, in the depicted
embodiment, the energy storage componert 13 supplies power to the vehicle console 16 and the

ignition system 14, which may be used 1o start {e.g., crank) the internal combustion engine 18,

{00277 Additionally, the energy storage component 13 may capture elecirical energy
generated by the alternator 15 andior the electne motor 17, In some embodiments, the alternator
15 may generate clectrical energy while the intemal combustion engine 18 1s running. More
specifically, the alternator 15 may convert the mechanical energy produced by the rotation of the
mnternal combustion engine 18 mto electrical energy. Additionally or alternatively, when the
vehicle 10 includes an electric motor 17, the electric motor 17 may generate electrical energy by
converting mechanical engrgy produced by the movement of the vehicle 10 {e.p., rotation of the
wheels) into elecirical energy. Thas, in some embodiments, the energy storage component 13

naay capture electrical energy generated by the alternator 15 andior the electric motor 17 during



WO 2017/078825 PCT/US2016/047265

regenerative braking,  As such, the aliernator 15 and/or the electric motor 17 are generally

referred to herein as a regenerative braking system.

{60281  To faciliate capturing and supplying electnic energy, the energy storage component 13
muay be electrically conpled to the vehivle's electic system vig a bus 19, For example, the bus
19 may enable the energy storage component 13 to receive electrical epergy generated by the
alternator 15 andfor the electric motor 17, Additionally, the bus 19 mav enable the energy
storage component 13 to output electrical energy to the ignition system 14 and/or the vehicle
console 16, Accordingly, when a 12 volt battery systent 12 s used, the bus 19 may canry

electrical power typically between 8-18 volts.

{0029]  Additionally, as depicted, the energy storage component 13 may tnchude maltiple
battery modules. For example, 1 the depicted embodimaent, the energy storage component 13
mcludes a lithium 1on {e.3, a first) battery moduole 20 in accordance with present embodiments,
and a lead-acid {e.g., a second) battery module 22, where each battery module 20, 22 includes
one or more battery cells, In other embodiments, the energy storage component 13 may include
any number of battery modules. Additionally, although the lithium ion battery module 20 and
lead-acid battery module 22 are depicted adjacent to one another, they may be positioned in
different areas around the vehicle. For example, the lead-acid battery module 22 may be
positioned i or about the mterior of the vehicle 10 while the lithiwm ion battery module 20 may

be posttioned under the hood of the vehicle 10,

{0030}  In some embodiments, the energy storage component 13 may mclude multiple battery
modhdes {0 utilize multiple different battery chemuistries. For example, when the hthiam on
battery module 20 s used, performance of the battery system 12 may be improved since the
tithium ton battery chemistry generally has a higher coulombic efficiency andfor a higher power
charge acceptance rate (e.g., higher maxtmum charge current or charge voltage) than the lead-

acid battery chemuistry. As such, the capture, storage, and/or distribution efficiency of the battery

system 12 may be improved.

{0031} To fheilitate controlling the capturing and storing of electrical energy, the battery
system 12 may additionally include a control module 24, Maore specifically, the control module

24 may control operations of components in the battery system 12, such as relays {e.g., swiiches)
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within energy storage component 13, the alternator 15, andfor the electric motor 17, For
example, the control module 24 may regulate amount of electrical energy capturedisupplied by
gach battery module 20 or 22 {e.g., to de-rate and re-rate the battery system 12), perform load
balancing between the battery modules 20 and 22, determine a state of charge of each battery
module 20 or 22, determine temperature of each battery module 20 or 22, contral voltage output

by the alternator 15 andéor the electric motor 17, and the like

{00321  Accordingly, the control untt 24 may include one or more processor 26 and one or
more memory 28, More specifically, the one or more processor 26 may include one or more
application specific integrated circuits {ASICs), one or more field programmable gate arrays
{FPGASs), one or more general purpose processors, or any combination thereof. Additionally, the
one or more memory 28 may include volatile memory, such as random access memory (RAM),
andior non-volatile memory, such as vead-only memory (ROM}, optical drives, hard disc drives,
or solid-state drives. In some embaodiments, the contral unit 24 may include portions of a vehicle

control unit (VCU) and/or a separate battery control modale.

{0033]  With the foregoing w mind, FIG. 3 illnstrates a perspective view of a battery module
20 having a polymer packaging 30, in accordance with embodiments of the present approach. In
certain embodiments, the polymer packaging 30 mclade polypropylene, polypropylene with
glass fiber, Nvlon 66, or another suitable polymer. More specifically, FIG. 3 Hlustrates the
bottom portion 34 {a base) of the polymer packaging 30 of the batterv module 20, Accordingly,
the battery cells 31 schematically illustrated m FIG. 3 are disposed within the intenor of the
polvmer packaging, while the terminal assemblies 32 schematically illustrated i FIG. 3 are
disposed oun the top portion (e.g., cover) of the baftery module 2¢1. Since the battery modale 20 is
generally designed to sit or rest on bottom portion 34, the illustrated battery module 20 inclndes
a mumber of polymer fins 36 {e.g , footings) that generally extend perpendicularly from the
bottom surface 34 and generally extend perpendicularly relative o the length of the battery

module 20,

{0034]  For the embodiment ilustrated in FIG. 3, the polymer fins 36 are penerally designed
to cooperate to support the weight of the battery module 20 such that the battery module 20 does

not directly rest flat on the bottom portion 34 of the polviner packaging 30, As such, the
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pobyer fing 36 enable an air flow 38 to pass underneath the bottom portion 34 of the battery
moduele 20, which facilitates cooling of the battery module 20 during operation. In certain
embodiments, the air flow 38 may be created actively {e.g., via an external fan) or passively

{e.g.. via convection), in accordance with the present disclosure.

{0035]  In addibon to the polymer fins 36, the battery module 20 tHustrated tn FIG. 3 inclodes
two metallic cooling plates 40 positioned beside one another along the bottom portion 34 of the
polyroer packaging 30. 1o other embodiments, any number of cooling plates 40 may be used. In
certain embodiments, the cooling plates 40 may be made of copper, aluminum, or nickel, or
combinations thereof (e.g., nickel-plated copper). As discussed in greater detail below, the
iflusirated cooling plates 40 are overmolded to the polymer packaging 30 of the battery module
20 along their edges, bonding or sealing the cooling plates 40 into the packaging 30, As such, n
certain embodunents, heat-producing components of the battery module 20 {e.g., batiery cells,
control circuitry, power transforming circuitry) can be positioned 1o be in direct physical andfor
thermal contact with the internal surface of the cooling plates 40. By specific example, in certain
embodiments, a bottom surface of each of the battery cells of the battery module 20 may directly
contact an internal surface of the cooling plates 40, In certain embodiments, one or more thermal
transfer lavers or thermal transfer materials, such as thermal epoxy or a thermal gap pad, may be
disposed directly between the battery cells and the wternal surfaces of the cooling plates 40 to

improve thermal transfer, reduce vibration, or a combination thereof.

{8036]  The illustrated cooling plates 40 each mclnde a nomber of heat fing 42 that stand
substantially perpendicular from the front side 44 {e.g., the exterior surface) of the cooling plates
40. The heat fins 42 of the cooling plates 40 generally function to dissipate heat that 18 prodaced
by the internal components of the battery modutle 28 mto the surrounding environment. As such,
the air flow 38 that is channeled by the polymer fins 36 flows across the heat fins 42, absorbing
and removing excess thermal energy from the heat fins 42, effectively cooling the battery

module 20,

{00371 As mentioned, the cooling plates 40 are overmolded to the polymer packaging 30 of
the battery module 20 along their edges or perimeters. FIG. 4 illustrates a perspective view of a

cooling plate 40 prior to microsurface treatinent, 1n accordance with embediments of the present

13
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approach. As discussed with respect to FIG. 3, the embodiment of the cooling plate 40
itlustrated in FIG. 4 includes the heat fins 42 extending substantially perpendicularly from the
front side 44 (e.g., the extenior surface) of the cooling plate 40. Unseen m FIG. 3, FIG. 4 also
ithustrates a flange 50 that runs along the perimeter of the cooling plate 40. It may be appreciated
that this flange 50 15 not visible in FIG. 3 since the polymer packaging 30 of the battery module
20 overmolds this flange 30, obstracting # from view. For the illustrated embodiment of FIG. 4,
the flange 50 may be referred to as the bonding surface 52 of the cooling plate 40, since it is the
region that divectly contacts (e.g., bonds 1o, adheres to) the polymer packaging 30 of the battery
module 20 during the overmolding process. Other embodiments may not melude a flange 50,
however, the flange 50 may be beneficial from the standpoint of enabling the cooling plate 40 to
have a thicker central portion 53 for improved heat transter, while having a relatively thinper

flange 50 for bonding to the packaging 30,

[0038]  As mentioned, present embodiments involve using a microsurface freatment to
roughen at least the bonding sarface 32 of a metal part {e.g., the flange 50 of the cooling plate
40} before overmolding a portion of the packaging 30 about the bonding surface 52 of the metal
part, Tt is presently recogmzed that performing a microsurface treatment to the bonding sarface
of a metal part before ovenmolding significantly increases the strength of the bond and improves
the quality of the seal {e.g., a water-tight seal, a gas-tight or hermetic seal) between the metal
part 20 and the polymer packaging 30. It is believed that the increased surface area of the
roughened bonding sarface 52 of the metal part enables preater interaction between the
roughened bonding surface 32 and the polymer packaging 30 during the overmolding process,
and can yield a strong, water-tight andfor gas-tight seal between the polvmer packaging 30 and

the metal part 20.

{00391  FIG. S is schematic plan view illustrating the portions of the cooling plate 40 of FIG. 4
that have been selectively roughened via microsurface treatorent in preparation for overmolding,
1 accordance with emboduments of the present approach. As llustrated by the cross-hatching of
FIG §, after microsiaface treatment, the flange 30 has a substantially hngher microsurface
roughness. That is, during microsurface treatment, the cooling plate 40 has been specifically
roughened on both the front side 44 {e g the exterior surface), as well as the back side or intertor

surface (not shown), of the cooling plate 40 alony the flange 50, As such, when the polvmer

I
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packaging 30 1s subsequently overmolded shout the coohing plate 40, the polyvmer packaging 30
directly coptacts both the front side 44 (2.g., the exterior surface) and the back side or interior
surface (not shown} of the cooling plate 40 alonyg the flange 50, As discussed below, in certain
embodiments, the entire cooling plate 40 or an entire side {e.g., the interior swriace) may
additionally recerve the microsurface treatment prior to overmolding of the polynier packaging

30.

{00401 FIG. 615 a perspective view of a terminal assembly 32 that has been selectively
roughened via microsurface reatment my preparation for overmolding, in accordance with
embaodiments of the present approach. In certain embodiments, the terminal assembly 32 may
mchude copper, aluminum, nickel, stainless steel, or combinations thereof. Additionally, the
terminal assembly 32 may be or may mclude features of the terminal assembhies disclosed in
ULS. Patent Application No, 1S/138,321, entitled, “SYSTEM AND METHOD OF
OVERMOLDED TERMINAL POSTS OF A BATTERY MODULE.” filed May 18, 2016,
which is incorporated by reference in its entivety for all purposes. The ilustrated terminal
assembly 32 is designed to partially extend up from a portion of the polymer packaging 30 of the
battery module 20 (e.g., a cover or a side portion of the battery module 20) and electrically
couple to the battery cells 31 disposed inside the packaging 30. As such, when the illustrated
terminal assembly 32 is overmolded, the bonding surface 52 of the terminal assembly 32,
mndicated by the dotted portions of the terminal assembly 32 Hlustrated in FIG. 6, are divectly
bonded to a portion of the polymer packaging 30 of the battery module 20 during overmolding.
Alternatively, 1n certain embodiments, the terminal assembly 32 may be bonded or overmolded
to a separate polymer insert that may subsequently bonded to (e.g., adhered to, welded to) other

polymer picces to form the polymer packaging 30

{0041}  The terminal assembly 32 illustrated i FIG. 6 includes a terminal post 64 that is
secured within a bus bar 66. The illustrated terminal post 64 extends through (e.g., passes
through, threaded through) an opening 68 in the central portion 70 of the bus bar 66 such that
that a base 72 of the terminal post 64 13 secured against the underside of the central portion 70 of
the bus bar 66. Further, the base 52 of the illustrated terminal post 64 is held into position by a
menber of flaps 74 of the bus bar 86, which are folded or curled around the edges of the base 72

to block or prevent movement {e.g., vertical movement, rotation) of the base 72 or the ternunal
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post 64, The iHustrated terminal post 64 alse includes threads 76 to enable secwre attachment of
electrical conpectors to the terminal assembly 32, It may be appreciated that, in other
embodiments, the terminal assenblv 32 may mclude a non-threaded terminal post 64, may
mnclude a tenminal post 64 with a base 72 baving a different shape, may tnclude a bus bar 66
having a different shape, and/or may include other mechamisms for securing the terminal post 64

within the bus bar 66, 1 accordance with embodiments of the present disclosure.

{0042]  Asillustrated in FIG. 6, the bonding surface 52 of the terminal assembly 32 has been
selectively roughened via microsurface treatment in preparation for overmolding. For example,
in certain embodiments, only the bonding surface 52 of the terminal assembly 32 (e.g., only
portions of the bus bar 663 may receive the disclosed microsurface treatment to improve bonding
between the metal part 40 and the overmolded polymer {e.g., the packaging 30, or a polymer
insert the forms part of the packaging 30). In certain embodiments, portions of the terminal
assembly 32 may be roughened via microsurface treatment at different points duning the
manufacturing process. For example, in certain embodiments, before the terminal post 64 is
loaded into the bus bar 60, the bus bar 66 may receive the microswface treatment on the bonding
surface 52 of the termunal assembly 32, In other embodiments, the eotire surface of the bus bar
66 may receive the microsurface treatment before the termunal post 64 15 loaded into the bus bar
66, In still other embodiments, the entire terminal assembly 32 {e.g., the bus bar 66 and the
terminal post 64} may be roughed by the microsurface treatment before or alter the termiinal post

&4 1s loaded mito and secured to the bus bar 66.

[6043]  FIG. 7 is a flow diagram illustrating an example process 80 for manufacturing a
battery module 20, as tlustrated 1m FIG. 3, which includes at least one metal part {e.g., cooling
plate 40 andfor termunal assembly 32) integrated into the polymer packaging 30 of the battery
maodule 20, in accordance with embodiments of the present approach. The Hlustrated process 80
begms with microsurface treatment {block 82} to roughen at least the bonding surface of a metal
part {e.g., bonding surface 52 of the cooling plate 40 or the terminal assembly 32). As discussed
1 detai! below, in certain embodiments, the microsarface treatment may incloade etching at least
the bonding surface 32 of the metal part. As meationed, in general, the microsurface treatment

results in a microsuriace roughness that incheles of micron-seale andfor sub-micron scale

o
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features {e.g., regolar or irregular features) that substantially increase the roughness of the

exposed surface, which improves bonding during polvmer overmolding.

{0044]  The Hlustrated process 80 continues with overmolding (block 84) a portion of the
polymer packaging 30 of a battery module 20 over the roughened bonding surtace 52 of the
metal part. For example, i certain embodiments, polvpropyviene polymer may be overmelded
about the roughened bonding surface 52 of the metal part to form a portion of the packaging 30
of the battery module 20, As lustrated in FIG, 5, wn certain embodiments, the bonding surface
32 of the metal part may include a front side 44 {e.g., an exterior surface) and back side {e.g.,
interior surface, not shown), and the overmolded polvmer mav cover and adhere to both the
bonding surface 52 disposed on both the front side 44 and the back side of the part, effectively
sandwiching the bonding surface 52 of the metal part 20 between two layers {e.g., an inner and
outer layer) of overmolded polymer. In certain embodiments, a battery module 20 may include
multiple metal pants (8.2, 8 cooling plate 40 and a tepunal assembly 32) that are bonded to the

polymer packaging 30, m accordance with the present technque.

{0045  The illustrated process 80 continues with disposing (block 86} internal components
{e.g., battery cells, control circuiiry, electrical nterconnections) of the battery module 20 within
the intenior of the polymer packaging 30 and seahing the polymer packaging 30 to vield the
battery module 20, As set forth above, for the example cooling plate 40 iHustrated in FIGS. 3-5,
overmolding may further henmetically seal the bonding surface of the metal part (e.g., both sides
of the flange 503 to or withun the polymer packaging 30 of the battery module 20. For example,
the cooling plates 40 illustrated in FIG. 3 are disposed on the bottom portion 34 of the battery
module 20. Therefore, utittning the disclosed technique, the cooling plates 40 may be
sufficiently secured to the battery module 20 such that the weight of the components resting on
the cooling plates 40 {e.g., battery cells) does not cavse the cooling plates 40 to move or break
free from the polymer packaging 30. As mentioned above, in certain embodiments, thermal
epoxy, a thermal pad, or another suitable thermal transfer matenial may be disposed between the
battery cells of the battery module 20 and the cooling plate 49 to improve the thermal coupling

berween the two components.
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j0046]  Further, the disclosed eetal pants {e.g., coohng plate 40 or terminal assembly 32} that
have been integrated into the polvmer packaging 30 according to the present approach, may be
thermally or electrically coupled to mternal components of the battery cell to provide thew
mntended function (e.g., electrically connecting to the battery cells of the battery module 20,
cooling the battery cells of the battery madule 20). For example, after assembly of the battery
modale 20 13 complete, the battery module 20 may be expected to pass quality control tests in
which the battery module 20 is both sprayed with high-pressure water and submerged in water to
verify the water-tight andfor atr-tight nature of the seal between the cooling plate 40 and the
polviner packaging 30. In certain embodiments, the battery module 20 may include multiple
metal parts, sach as the cooling plate 40 and the terminal assembly 32, For such embodiments,
each metal part may be subjected to quality control testing o ensure that the packaging 30 of the
battery module 20 is sufficiently strong and water-tight to meet the desired enteria of the battery

manufacturer.

{00471 FIG. 8 1s a flow diagram illnstrating an example of a process 80 for microsurface
treatment of a metal part {e.g., the cooling plate 40 of FIG. 5 or the terminal assembly 32 of FIG.
6}, in accordance with ersbodiments of the present technigue. In certain embodiments, the
itlustrated process 90 begins with (block 92) applving & masking material to protect portions of
the surface of the metal part from receiving the microsurface treatment, For example, the
masking material may be substantially inert or resistant to the microsurface treatment conditions
and may be disposed over the nop-bonding surface of the metal part so that only the bonding
surface (e.g., the bonding surface 52} of the metal part i3 exposed 1o and roughened by
microsurface treatment. In other embodiments, the masking step of block 92 may be skipped,
and all surfaces of the metal part may be roughened by the microsurface treatment, avoiding the
additional time and cost associated with masking portions of the metal part prior to microsurface

freatment,

{0048]  The process 90 illustrated in FIG. 8 continues by applying (block 94} etchant to at
least the bonding surface 52 of the metal part. As mentioned, in certain embodiments, the entire
surface of the metal part may receive the microsurface treatment. In certain embodiments, the
eichant may include an acid, such as hydrochloric acid, sulfiwic acid, acetic acid, nitvic acid,

hydrotluoric acid, or mixtures thereof. lo other smbodiments, the bonding surface 52 of the

ot
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metal part may be roughened by laser eiching, wherein electromagnetic radiation serves as the
etchant. In genexal, the etchant may be any etchant that provides suitable micron-scale andior
sub-micron scale {e.¢., nanco-scale) features that substantially increase the micron-scale
roughness of the exposed surface of the metal part. For {aser etching in particular, it may be
easier to control which portions of the metal part are contacted by the etchant via control of the
laser, which may enable selective microsurtace treatinent of only the bonding surface 52 of the

metal part without the use of the mask described in block 92.

j6049]  The iHusirated process 90 continnes by allowing (block 96) the eichant o roughen the
bonding surface 52 of the metal part for a predetermined amount of time. For example, while
laser etching is nearly instantaneous, chemical etching (e.g., vsing an acid) is limited by
diffusion. Therefore, for embodiments in which a chemical etchant is used, the etchant may be
provided sufficient time to react with the exposed surface of the metal part for a predetermmed
amount of time {e.g., on the order of a few seconds to a few minutes) to bupart the desired

surface roughness to the exposed surface of the metal part.

{0050]  The illustrated process 90 continues with washing (block 98) the roughened surface of
the metal part {e.g., using water, detergent, organic solvent) to remove residual etchant and
metal, as well as any remaining masking matertal, That is, while laser etching may vaporize the
metal removed from the surface of the metal part, chemical etching {e.g., using an acid} can
leave behind residual etchant and/or metal vesidue on the surface of the metal part. Assuch, v
certain embodiments, the surface of the metal part may be washed with water or a suitable
organic solvent to remove these residuals, as well as any remaining masking materials mtroduced
11 block 92, from the swface of the metal part. The washing step of block 98 generally prevents
these residuals from interfering with bonding or adhesion to the polymer packaging 30 during
subsequent overmolding, as described with respect to block 84 of FIG. 7. In certain
embodiments, the metal part may andergo multiple etchmg, washing, andior drying steps to
prepare the metal part for overmolding, in accordance with the present disclosure. In certain
embodiments, such as embodiments that involve laser etching, the washing step of block 98 may

be skipped altogether.
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{0031} I is presently recognized that, depending on the composition of the metal part, the
roughening effect provided by the microsurface weatment may be short-lived {e.g., hours to days
or weeks) before the microsurface features are substantially eroded, hikely due to slow oxudation
of the microsurface features. Accordingly, in certain embodiments, it mayv be desirable {or the
metal part to be ovenmolded within a predetermined amount of time {e.g., on the order of
minutes 1o hours, or days to weeks) of ronghing the surface of the metal part. Additionally, it
may be appreciated that, even if the non-bonding surface of the metal part 1s roughened by the
microsurface treatmment, for certain types of metal parts, the bonding surface 52 that 1 buvied
under the polvimer packaging 30 during overmolding remains i a substantially roughened state,
while the microsurface featores added to the remainder of the swrface of the metal part may
gradually erode over time. As such, since masking the metal pant, as described in block 92 of
FIG. §, adds additional cost, time, and complexity 1o the microsurface treatment process, for
certain metal parts, it may be more cost-effective to roughen the entive surface of the metal part,
overmold the bonding surface 32 of the metal part with the polymer packaging, and allow the
roaghness on the remainder of the surface of the part to gradually fade. Furthermore, in certain
embodiments, it may also be advantageous for certain features that are disposed on a non-
bonding surface of the metal part to be roughened by microsurface treatment. For example, as
mentioned, in certain embodiments, an interior surface of the cooling plate 40 may also receive
the microsurface treatment along with the bonding surface 32, and may subsequently be coated
with a thermal epoxy before the electrochemical cells 31 are disposed within the packaging 36
For such embodiments, the mcreased surface area/roughness of the internal surface of the
cooling plate 40 may generally inprove bonding strength and/or heat transfer between the
hermal epoxy the cooling plate 40, improving the effectiveness of the cooling plate 40. By
further example, 1w certain embodiments, the heat fins 42 of the cooling plates 40 lustrated in
FIGS. 3-5 may be advantageously ronghened by the microsurface treatment process to increase
the surface area of these heat fins 42, improving thew ability to dissipate heat to the swrounding

environmeni.

{0052]  One or more of the disclosed embodiments, alone or on combination, may provide one
or more technical effects including the manufacture of battery modules having metallic features

{e.g., cooling plates, termunal assembhies) bonded to a portion of the polvimer packaging of the
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battery modules. Present embodiments enable methods for overmolding portions of a metal pant
to effectively seal {e.g., form a water-tight andfor gas-tight seal between) the metal part 10 a8
portion of the polvmer packaging of a battery module. Disclosed embodiments include the
microsurface modification of at least a bonding surface of the metal part before overmolding
pobymer about the bonding surface. The present technique is applicable any metal part of a
battery module {e.g., ternunal, nterconnect, structoral support) that 1s suitable for polymer
overmokhing. The technical effects and technical problems in the specification are exemplary
and are not limiting, It shondd be noted that the embodiments described in the specification wmay

have other technical effects and can sobve other technical problems.

{00531 The specific embodiments described above have been shown by way of example, and
it should be understood that these embodinents may be susceptible to various modifications and
alternative forms. X shouald be further understood that the clalims are not mtended 1o be Himited
1o the particular forms disclosed, but rather to cover all modifications, equivalents, and

alternatives falling within the spirit and scope of this disclosure.
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CLADRVS:
What is claimed is:

i. A batiery modide, comprising:

a polymer packaging having an interior and exterior;

a plurality of battery cells disposed within the interior of the polymer packaging; and

a metal pant that extends from the interior to the exterior of the polymer packaging and 1s
m thermal or electrical contact with at least a portion of the plurality of battery cells, wherein the
metal part comprises 2 bonding surface that is secured 10 an overmolded portion of the polvimer
packaging, wherein the bonding swface has a microsurface roughness that hermetically seals the

bonding surface of the metal part to the overmeolded portion of the polymer packaging.

2 The battery module of clatm 1, wherein the microsurface roughness comprises micron-
scale features, sub-micron-scale features, or a combination thereof, thay facitisate the hermetic
sealing of the bonding surface of the metal part {0 the overmolded portion of the polymer

packaging.

3 The battery module of claim 1, wherein the metal part comprises a terminal assembly that
15 in electrical contact with the plurality of battery cells disposed within the interior of the battery

module.

4. The battery maodule of claim 1, wherein the metal part comprises a cooling plate that is in
thermal contact with at least the portion of the plurality of batterv cells disposed within the
interior of the polymer packaging, and wherein the coohng plate is in thermal contact with air at

the exterior of the polymer packaging.

(V3]

The battery module of claim 4, wherein the bonding surface of the cooling plate consists

essentially of & flange that extends glong a perimeter of the cooling plate.

6. The battery module of claim 4, wherein the cooling plate comprises an interior surface

that aleo melodes the microsuriace roughness, and whergin the battery module comprises a
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thermal epoxy that directly comtacts the inferior surface of the cooling plate and the plugality of

battery cells within the interior of the polymer packaging.

7. The battery modude of claym 1, wherein the metal part comprises alaminum, nickel, or

copper, or combinations thereof.

8. The battery module of claim I, wherein the polyvmer packaging consists essentially of
polypropyvlene.
Q. The battery module of claim 1, wherein the entire surface of the metal part, including the

bonding surface, inchudes the microsurface roughness.

10, Amethod of manufactuning a battery module, comprising:
performing nyicrosurface treaument to roughen at least a bonding surface of a metal part;
overmolding a portion of a polymer packaging of a battery module o the bonding surface
of the metal part to hermetically seal the metal part to the portion of the polymer packaging;
disposing a plurality of batterv cells within the polymer packaging; and
electrically or thermally coupling the plurality of battery cells to the metal part to vield

the battery module.

11, The method of clamm 10, wherem performing microsurface treatment comprises

performing acid etching to roughen al feasi the bondmg sarface of the metal part.

12, The method of clatm 10, wherein performing mucrosurface treatment comprises

performing laser etching fo roughen at least the bonding surface of the metal part.

13, The method of claim 10, wherein performing microsurface treatment comprises
roughening a non-bonding surface of the metal part that does not contact the polymer packaging

during overmolding.
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14, The method of claim 10, wherein performing mucrosurface treatment comprises
roughening a portion of a front side and a corresponding portion of a back side the metal part

roughen the bonding surface of the metal part.

15, The method of claim 14, wherein performing nucrosurface treatment comprises roughing

the Font side and the back side of a flange that extends along an edge of the metal part.

16, The method of claim 10, wherem performing microsurface treatment comprises roughing

all surfaces of the metal part.

17, The method of claim 10, wherein perfornung microsorface treatment comprises
roughening at least a portion of a bus bar of g tornunal assenmbly, and further comprising
securing a terminal post of the termunal assembly within the bus bar afler the microsurface

treatment and before overmolding.

18.  The method of claimm 10, wherein the metal part is a cooling plate, and wherein
electrically or thermally coupling comprises thermally coupling the plurality of battery cells to

the cooling plate.

19 The method of claim 18, wherein thermally coupling eomprises disposing a thermal
gpoxy directly on an internal surface of the cooling plate and then disposing the plurality of

battery cells in the thermal epoxy within the polymer packaging.

20, The method of clatm 19, wherein performing microsurface treatment comprises
roughening at least a portion of the internal surface of the cooling plate o improve thermal
contact between the internal surface of the cooling plate and the thermal epoxy.

21, The method of clamm 10, wherein the metal part 1s a terminal asserably, and wherein

electrically or thermally conpling comprises electnically coupling the plurality of battery cells to

the terminal assembly.

22, A battery modale, comprising:
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a polvmer packaging;

a plurality of battery cells disposed within the polvmer packaging: and

a terminal assembly electnically coupled to the plurahiy of battery cells, wherein the
terminal assembly comprises a bonding sarface secwred to an overmolded portion of the polymer
packaging, wherein the bonding surface of the terminal assembly comprises a microsurface
ropghness that hermetically seals the bonding surface of the terminal assembly to the

pvermolded portion of the polvmer packaging.

23, The battery module of claim 22, wherein the battery module comprises a cold plate
coupled to a bottom surface of the polvmer packaging and thermally coupled to the plurality of
battery cells, wherein the cold plate includes a bonding swrface overmolded by a second portion
of the polymer packaging, wherein the bonding surface of the cold plate comprises a
microswrace roughness that enables the bonding surface of the cold plate to hermetically seal to

the overmolded portion of the polymer packaging.

24, The battery module of claim 22, wherein the overmolded portion of the polvmer

packaging is a separate polymer insert bonded to a remainder of the polymer packaging.

25, The battery module of claim 22, wherein the battery module 15 configured to provide

electrical power to an xEV.
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