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ABSTRACT
An arrangement for battery pack protection during fluid ingress. The battery pack may include a

housing, a terminal block, and a core battery assembly supported in the housing, the assembly
including a core housing, a plurality of battery cells supported in the core housing, a first weld
strap connecting the battery cells to a positive power terminal, a second weld strap connecting
the battery cells to a negative power terminal, a first sacrificial electrode connected to the first
weld strap, and a second sacrificial electrode connected to the second weld strap. A spacing
between the first sacrificial electrode and the second sacrificial electrode may be selected such
that an ingress fluid entering the battery pack electrically shorts the first sacrificial electrode and
the second sacrificial electrode to drop a voltage of the cell battery assembly and discharge

battery energy before damaging the battery cells.
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ARRANGEMENT FOR BATTERY PACK PROTECTION DURING FLUID INGRESS
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/639,634 filed on March 7, 2018, the entire contents of which are hereby incorporated by

reference.

FIELD

[0002] The present invention generally relates to battery packs for power tools, outdoor
tools, other electrical devices, etc., and, more particularly, to arrangements for chemically-

corrosive and/or electrically-corrosive fluid ingress protection for battery packs.

SUMMARY

[0003]  In case of ingress of an electrically-conductive and/or chemically-corrosive fluid or
moisture (€.g., salt water, salt fog, etc.; referred to as an “ingress fluid”) into a battery pack, the
ingress fluid may short circuit the battery cells. When the battery cells hold a charge, this short
circuit may cause overheating in and/or irreversible damage to the battery cells and the battery
pack. For example, depending on voltages of the battery cells, corrosion status, extent of a short
circuit between one or more battery weld straps and battery cells, etc., shorting may cause

corrosion, overheating in the battery cells, thermal runaway, meltdown of the battery housing,

elc.

[0004] In one independent embodiment, a battery pack may generally include a housing; a
terminal block; and a core battery assembly supported in the housing. The core battery assembly
may include a core housing, a plurality of battery cells supported in the core housing, a first weld
strap connecting the plurality of battery cells to a positive power terminal, a second weld strap
connecting the plurality of battery cells to a negative power terminal, a first sacrificial electrode
connected to the first weld strap, and a second sacrificial electrode connected to the second weld

strap. A spacing between the first sacrificial electrode and the second sacrificial electrode may

be selected such that an ingress fluid entering the battery pack electrically shorts the first
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sacrificial electrode and the second sacrificial electrode to drop a voltage of the cell battery

assembly and discharge battery energy before damaging the battery cells.

[0005] In some constructions, the spacing may be between about 4 millimeters (mm) and
about 11 mm. In some constructions, the spacing is at least about 6 mm to about 8 mm. In some
constructions, each of the first sacrificial electrode and the second sacrificial electrode have a
width, and each width may be between about 10 mm and about 35 mm (e.g., at least about 27.5
mm). In some constructions, each of the first sacrificial electrode and the second sacrificial

electrode have a length, and each length may be between about 80 mm and about 110 mm (e.g.,

between about 90 mm and about 100 mm).

[0006] The construction (e.g., the width, length, thickness, geometry, material(s), etc.) of the
sacrificial electrodes may be adjusted based on, for example, the type(s), design, energy density,
etc., of the battery cells, the battery cores, the battery housing, etc. In one example, the
sacrificial electrodes are designed to protect the battery pack by reducing the voltages of the
battery cells below critical limits specific to cell design and chemistry (e.g., reduce the voltage
for any Lithium-based chemistry cells operating between about 2.0 volts (V) to about 4.5 V to
less than about 3.0 V). The sacrificial electrode material types may include electrically-

conductive single, compound, or alloy elements or combinations thereof (e.g., Zn, Sn, Ni, Fe, Cr,

Al, Cu. NiCu, NiCr, CuSn, FeCr, N1Al, CuMg, CuCr, SnZn).

[0007] In some constructions, the first sacrificial electrode and the second sacrificial

electrode may be positioned outside of the core housing. In some constructions, the first

sacrificial electrode and the second sacrificial electrode may be positioned substantially inside of

the core housing. In some constructions, a sacrificial electrode may be an independent extension

of a battery weld strap.

[0008] In another independent embodiment, a battery pack may generally include a housing;
a terminal block; and a core battery assembly supported in the housing. The core battery
assembly may include a core housing, a plurality of battery cells supported in the core housing, a
first weld strap connecting the plurality of battery cells to a positive power terminal, a second
weld strap connecting the plurality of battery cells to a negative power terminal, a first sacrificial

electrode connected to the first weld strap, and a second sacrificial electrode connected to the
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second weld strap. A spacing between the first sacrificial electrode and the second sacrificial

electrode may be between about 4 millimeters (mm) and about 11 mm.

[0009] In yet another independent embodiment, a battery pack may generally include a
housing; a terminal block; and a core battery assembly supported in the housing. The core
battery assembly may include a core housing, a plurality of battery cells supported in the core
housing, a first weld strap connecting the plurality of battery cells to a positive power terminal, a

second weld strap connecting the plurality of battery cells to a negative power terminal, a first

sacrificial electrode connected to the first weld strap, and a second sacrificial electrode connected

to the second weld strap. A spacing between the first sacrificial electrode and the second

sacrificial electrode may be selected such that an ingress fluid entering the battery pack

electrically shorts the first sacrificial electrode and the second sacrificial electrode to drop a

voltage of the cell battery assembly and discharge battery energy before damaging the battery

cells. The first sacrificial electrode and the second sacrificial electrode may be positioned

substantially inside of the core housing.

[0010] Other independent aspects of the invention may become apparent by consideration of

the detailed description, claims and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 1s a perspective view of a battery pack.

[0012]  FIG. 2 is a top perspective view of the battery pack of FIG. 1.

[0013] FIG. 3 1s a top perspective view of the battery pack of FIG. 1 with the top housing

removed.

[0014] FIG. 4 is another top perspective view of the portion of the battery pack as shown in
FIG. 3.

[0015] FIG. 5 is a bottom perspective view of the core battery assembly of the battery pack

as shown in FIG. 3.

[0016] FIG. 6 1s a top perspective view of the core battery assembly of FIG. 5.
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[0017]  FIG. 7 is another top perspective view of the core battery assembly of FIG. 5 with a

strap removed.

[0018] FIG. 8 is another bottom perspective view of the core battery assembly as shown 1n

FIG. 7.

[0019] FIG. 9 is a front view of the core battery assembly of FIG. 5.
[0020] FIG. 10 is a rear view of the core battery assembly of FIG. 5.

[0021] FIG. 11 is a side view of the core battery assembly of the core battery assembly of
FIG. 5.

[0022] FIG. 12 is an opposite side view of the core battery assembly of FIG. 5 with a strap

removed.

[0023] FIG. 13 is a top view of the core battery assembly as shown 1n FIG. 12.

[0024] FIG. 14 is a bottom view of the core battery assembly of FIG. 5.

[0025] FIG. 15 is a perspective view of the core battery assembly as shown m FIG. 12 with a

strap/sacrificial electrode assembly exploded.

[0026] FIG. 16 is a perspective view of the core battery assembly of FIG. 5 with another

strap/sacrificial electrode assembly exploded.

[0027] FIG. 17 is a perspective view of an alternative construction of a core battery

assembly.

[0028] FIG. 18 is another perspective view of the core battery assembly of FIG. 17.

[0029] FIG. 19 is another perspective view of the core battery assembly of FIG. 17.

[0030] FIG. 20 is a perspective view of the core battery assembly of FIG. 17 with the core

housing assembly illustrated as transparent.

[0031] FIG. 21 is another perspective view of the core battery assembly as shown in FIG. 20.
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[0032]  FIG. 22 is a bottom view of the core battery assembly as shown 1n FIG. 20.

[0033]  FIG. 23 is a perspective view of the core battery assembly of FIG. 17 with the core

housing assembly removed.

[0034] FIG. 24 is another perspective view of the core battery assembly as shown 1n FIG. 23.

[0035] FIG. 25 1s a perspective view of a portion of the core housing assembly and a

strap/sacrificial electrode assembly.

[0036] FIG. 26 is a perspective view of the other portion of the core housing assembly and

the other strap/sacrificial electrode assembly.

DETAILED DESCRIPTION

[0037] Before any independent embodiments of the invention are explained 1n detail, 1t 1s to
be understood that the invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
following drawings. The invention is capable of other independent embodiments and of being
practiced or of being carried out in various ways. Also, it is to be understood that the

phraseology and terminology used herein is for the purpose of description and should not be

regarded as limiting.

[0038]  Use of “including” and “comprising” and variations thereof as used herein 1s meant to

encompass the items listed thereafter and equivalents thereof as well as additional items. Use of

“consisting of”’ and variations thereof as used herein 1s meant to encompass only the items listed
thereafter and equivalents thereof. Unless specified or limited otherwise, the terms “mounted,”

“connected,” “supported,” and “coupled” and vaniations thereof are used broadly and encompass

both direct and indirect mountings, connections, supports, and couplings.

[0039] Relative terminology, such as, for example, “about”, “approximately”,

“substantially”, etc., used in connection with a quantity or condition would be understood by
those of ordinary skill to be inclusive of the stated value or condition and has the meaning

dictated by the context (for example, the term includes at least the degree of error associated with
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the measurement of, tolerances (e.g., manufacturing, assembly, use, etc.) associated with the

particular value or condition, etc.). Such terminology should also be considered as disclosing the
range defined by the absolute values of the two endpoints. For example, the expression “from

about 2 to about 4” also discloses the range “from 2 to 4”. The relative terminology may refer to

plus or minus a percentage (e.g., 1%, 5%, 10% or more) of an indicated value.

[0040] Also, the functionality described herein as being performed by one component may
be performed by multiple components in a distributed manner. Likewise, functionality
performed by multiple components may be consolidated and performed by a single
component. Similarly, a component described as performing particular functionality may also

perform additional functionality not described herein. For example, a device or structure that is

“configured” in a certain way is configured in at least that way but may also be configured in

ways that are not listed.

[0041] Furthermore, some embodiments described herein may include one or more

electronic processors configured to perform the described functionality by executing instructions
stored in non-transitory, computer-readable medium. Similarly, embodiments described herein
may be implemented as non-transitory, computer-readable medium storing instructions
executable by one or more electronic processors to perform the described functionality. As used
in the present application, “non-transitory computer-readable medium” comprises all computer-
readable media but does not consist of a transitory, propagating signal. Accordingly, non-
transitory computer-readable medium may include, for example, a hard disk, a CD-ROM, an

optical storage device, a magnetic storage device, a ROM (Read Only Memory), a RAM

(Random Access Memory), register memory, a processor cache, or any combination thereof.

[0042] Many of the modules and logical structures described are capable of being
implemented in software executed by a microprocessor or a similar device or of being
implemented in hardware using a variety of components including, for example, application
specific integrated circuits (“ASICs”). Terms like “controller” and “module” may include or
refer to both hardware and/or software. Capitalized terms conform to common practices and
help correlate the description with the coding examples, equations, and/or drawings. However,

no specific meaning is implied or should be inferred simply due to the use of capitalization.
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Thus, the claims should not be limited to the specific examples or terminology or to any specific

hardware or software implementation or combination of software or hardware.

[0043]  With reference to FIGS. 1-2, a battery pack 100 includes a housing 105 with a first or
top housing portion 105A and a second bottom housing portion 105B. The battery pack 100 is
configured to be attached to and provide operating power to an electrical device (not shown),
such as a power tool, an outdoor tool or other motorized or non-motorized electrical device. The

battery pack 100 is also connectable to a battery charger (not shown).

[0044] To facilitate connection to the electrical device, a latch system 110, including a latch
110A and an actuator 110B, is provided on each side of the battery pack 100. When the battery
pack 100 is supported on the electrical device, the latch 110A engages a corresponding structure
in the electrical device to prevent inadvertent disconnection of the battery pack 100. The battery
pack 100 may be released when a user actuates the actuator 110B and pulls the battery pack 100
from the electrical device. With the illustrated tower-style configuration, only the top housing
portion 105A may be received in the electrical device or the battery charger while the bottom

housing portion 105B extends from the electrical device or the battery charger.

[0045] The top housing portion 105A also supports a terminal block 115 to provide electrical
connection to the electrical device or the battery charger. The terminal block 115 includes a
positive power terminal 120 and a negative power terminal 125. In some embodiments, the
terminal block 115 may also include one or more communication/data terminals 130 (one

shown).

[0046] FIGS. 3-4 1llustrate a core battery assembly 200 supported in the housing 105 (with
the top housing portion 105A removed). As shown in FIG. 5, the core battery assembly 200
includes a core housing 205 (e.g., housing halves 205A, 205B) supporting (e.g., at least partially
enclosing) a plurality of battery cells 210 (see FIGS. 20-24). In the illustrated construction, the
battery pack 100 includes three parallel-connected strings of five series-connected battery cells
210 for a total of fifteen battery cells 210. That is, the battery cells 210 are arranged in a 5S3P
configuration. However, the battery pack 100 may include other configurations and

combinations of battery cells 210, such as, for example, 5S1P, 5S2P, 10S1P, etc.
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[0047] Each battery cell 210 may have a nominal voltage between about 2.5 V and about 5
V. The battery pack 100 may have a nominal capacity between about 3 Amp-hours (Ah) (e.g.,
for a SS1P pack) and about 6 Ah (e.g., for a 5S2P pack) or more (e.g., up to about 9 Ah for a
5S83P pack). The battery cells 210 may be any rechargeable battery cell chemistry type, such as,
for example, Lithium, (Li), Lithium-metal, Lithium-ion (Li-ion), other Lithium-based chemistry,
Nickel-Cadmium (NiCd), Nickel-Metal Hydride (NiMH), etc.

[0048] A printed circuit board (PCB; not shown) is provided on a top side of the core
housing 205. The PCB includes various electronics of the battery pack 100. For example, the
PCB includes a battery pack controller, a current sensor, a voltage sensor, charge and discharge

FETs, etc. The power terminals 120, 125 extend from the PCB into the terminal block 115 of the
battery pack 100.

[0049] Electrically-conductive weld strap materials are used to make connections between
each battery cell 210 and between battery cells 210 and the power terminals 120, 125. With
reference to FIGS. 5-6, a first weld strap 225 is connected to the most positive battery cells
210A. The first weld strap 225 mcludes an extended portion 230 that extends from the first side
on which the first weld strap 225 is located to an adjacent side (the bottom side) of the core
housing 205. A first lead wire (not shown) connects the first weld strap 225 to the positive

power terminal 120.

[0050] A first sacnificial electrode 240 is connected (e.g., formed with (as shown), welded,
etc.) to the extended portion 230 on the bottom side of the core housing 205. The first sacrificial
electrode 240 extends along the bottom side of the core housing 205 (see FIG. 5). The strap 225,
the extended portion 230 and the sacrificial electrode 240 form a unitary strap/electrode

assembly.

[0051] With reference to FIGS. 7-9, a second weld strap 245 is connected to the most
negative battery cells 210B. The second weld strap 245 includes an extended portion 250 that
extends from a third side (opposite the first side) on which the second weld strap 245 1s located
to an adjacent side (a front side) of the core housing 205. A connecting strap 255 connects the

extended portion 250 to the PCB on the top side of the core housing 205. A second lead wire

(not shown) connects the connecting strap 255 to a negative power terminal 125.
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[0052] A second sacrificial electrode 265 is connected to (e.g., welded (as shown), formed
with, etc.) to the extended portion 250 on the front side of the core housing 205. The second
sacrificial electrode 265 extends from the front side onto the bottom side of the core housing 205
(see FIG. 7). The strap 245, the extended portion 250, the connecting strap 255 and the

sacrificial electrode 265 are assembled and connected (e.g., welded) to form a strap/electrode

assembly.

[0053] With reference to FIGS. 7 and 14, the first sacrificial electrode 240 and the second
sacrificial electrode 265 are arranged to be in close proximity to each other on the bottom side of
the core housing 205. A spacing 270 is provided between the sacrificial electrodes 240, 265 such
that the electrodes 240, 265 do not come in contact during a normal operation of the battery pack
100. In some embodiments, the spacing 270 may be between about 4 mm and about 11 mm. In

some embodiments, the spacing 270 is at least about 6 mm to about 8§ mm.

[0054] The first sacrificial electrode 240 and the second sacrificial electrode 265 have a
width 275 and a length 285. In some embodiments, the width 275 may be between about 10 mm
and about 35 mm (e.g., between about 15 mm and about 30 mm (about 27.5 mm)). In some
embodiments, the width 275 is at least about 18.5 mm. In some embodiments, the length 285
may be between about 80 mm and about 110 mm (e.g., between about 90 mm and about 100
mm). In other embodiments, the length 285 may be between 170 mm and about 210 mm (e.g.,
between about 180 mm and about 200 mm). The exemplary spacing 270 between and width 275
of the electrodes 240, 265 may be implemented on any type of battery pack (e.g., battery packs
that include a single cell string (1P), two parallel cell strings (2P), three parallel cell strings (3P),
etc.).

[0055] As mentioned above, the material of each sacrificial electrode 240, 265 may include

electrically-conductive single, compound, or alloy elements or combinations thereof (e.g., Zn,

Sn, N1, Fe, Cr, Al, Cu. NiCu, NiCr, CuSn, FeCr, NiAl, CuMg, CuCr, SnZn).

[0056] The core housing 205 is constructed to support the strap/electrode assemblies. In the
1llustrated construction (see FIGS. 15-16), the core housing 205 defines recesses 290 to receive

portions of each strap/electrode assembly. On the bottom side, each housing portion 205A, 205B
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includes standoffs or projections 295 engaging the associated sacrificial electrode 240, 265 (e.g.,

In complementary openings 300).

[0057] The sacrificial electrodes 240, 265 minimize damage to components of the battery
pack 100 in case of ingress of an electrically-conductive and/or chemically-corrosive fluid or
moisture (e.g., salt water, salt fog, etc.; again, referred to as an “ingress fluid”). When an ingress
fluid enters the battery pack 100, the ingress fluid may short circuit the battery cells 210. When
the battery cells 210 hold a charge, this short circuit may cause overheating in and/or irreversible
damage to the battery cell 210 and the battery pack 100. For example, depending on voltages of
the battery cells 210, corrosion status, extent of a short circuit between one or more battery weld
straps and battery cells 210, etc., shorting may cause corrosion, overheating in the battery cells

210, thermal runaway, meltdown of the battery housing 205, etc.

[0058] The spacing 270 between the sacrificial electrodes, 240, 265 is selected such that an
ingress fluid entering the battery pack 100 first shorts the sacrificial electrodes 240, 265. That is,
the ingress fluid forms an electrical connection between the sacrificial electrodes 240, 265
forming a short circuit between the positive power terminal 120 and the negative power terminal
125 of the battery pack 100. This short circuit discharges the battery cells 210 before the ingress
fluid or its associated conductive or corrosive elements can enter the battery cells 210, cause

excessive short circuiting between the battery weld straps and the battery cells 210 and cause

thermal runaway, excessive heating, etc.

[0059] Generally, when fluid or moisture enters the battery pack 100, the fluid/moisture
settles at the bottom of the housing 105 of the battery pack 100. In the core battery assembly
200, the sacrificial electrodes 240, 265 are therefore placed on the bottom side of the core battery
assembly 200 abutting the bottom surface of the battery pack housing 105. The illustrated
placement of the sacrificial electrodes 240, 265 allows ingress fluid mainly to short circuit the

sacrificial electrodes 240, 265, to quickly reduce the energy of the battery cells 210, before

coming into contact with other components of the battery pack 100.

[0060] FIGS. 17-26 illustrate an alternative construction of a core battery assembly 200’
The core battery assembly 200’ is similar to the core battery assembly 200 shown in FIGS. 5-16,

and common elements have the same reference number ¢“’”.

10
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[0061]  In the illustrated core battery assembly 200°, the sacrificial electrodes 240°, 265’ are
supported in the core housing 205°. In the illustrated construction, the sacrificial electrodes 240°,

265" are molded with the housing portions 205A°, 205B’. In other constructions (not shown),
the housing portions 205A°, 205B’ may define an opening, recess, groove, etc. receiving and

retaining the associated sacrificial electrode 240°, 265°.

[0062] The sacrificial electrode 240’ extends from inside the housing portion 205A” through
an opening to connect to (e.g., via welding) the extended portion 230’ of the weld strap 225°.
Similarly, the sacrificial electrode 265° extends from inside the housing portion 205B’ to connect

to (e.g., via welding) the connecting strap 255” and the extended portion 250’ of the weld strap
245’,

[0063] The 1llustrated sacrificial electrodes 240°, 265’ have portions 305 contoured to the
shape of the cells 210. The sacrificial electrodes 240, 265’ have a similar spacing 270°, width

275” and/or length 285°, as described above.

[0064] As with the sacrificial electrodes 240, 265, the sacrificial electrodes 240°, 265’
minimize damage to components of the battery pack 100 in case of an ingress fluid. When fluid
enters the core housing 205°, the fluid settles at the bottom of the core housing 205°, the
sacrificial electrodes 240°, 265’ are placed at the bottom of the core housing 205°. The
illustrated placement of the sacrificial electrodes 240°, 265’ allows the ingress fluid to mainly
short the sacrificial electrodes 240°, 265°, to quickly reduce the energy of the battery cells 210°,

before coming into contact with other components of the battery pack 100°.

[0065] Although the invention has been described in detail with reference to certain preferred
embodiments, variations and modifications exist within the scope and spirit of one or more

independent aspects of the invention as described.

[0066] One or more independent features and/or independent advantages of the invention

may be set forth in the following claims:

11
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CLAIMS
What 1s claimed 1s:

1. A battery pack comprising:
a housing;

a terminal block; and

a core battery assembly supported 1n the housing, the core battery assembly including

a core housing,

a plurality of battery cells supported 1n the core housing,

a first weld strap connecting the plurality of battery cells to a positive power

terminal,

a second weld strap connecting the plurality of battery cells to a negative power

terminal,

a first sacrificial electrode connected to the first weld strap, and
a second sacrificial electrode connected to the second weld strap;

wherein a spacing between the first sacrificial electrode and the second sacrificial
electrode 1s such that an ingress fluid entering the battery pack electrically shorts the first
sacrificial electrode and the second sacrificial electrode to drop a voltage of the cell battery

assembly and discharge battery energy before damaging the battery cells.

2. The battery pack of claim 1, wherein the spacing is between about 4 millimeters (mm)

and about 11 mm.

3. The battery pack of claim 2, wherein the spacing is at least about 6 mm to about 8 mm.

4, The battery pack of claim 1, wherein each of the first sacrificial electrode and the second

sacrificial electrode have a width, each width being between about 10 mm and about 35 mm.

5. The battery pack of claim 1, wherein each of the first sacrificial electrode and the second

sacrificial electrode have a width, each width being at least about 27.5 mm.

12
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6. The battery pack of claim 1, wherein each of the first sacrificial electrode and the second

sacrificial electrode have a length, each length being between about 80 mm and about 110 mm.

7. The battery pack of claim 6, wherein each length is between about 90 mm and about 100
mm.
8. The battery pack of claim 1, wherein the first sacrificial electrode and the second

sacrificial electrode are positioned outside of the core housing.

9. The battery pack of claim 1, wherein the first sacrificial electrode and the second

sacrificial electrode are positioned substantially inside of the core housing.

13
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10. A battery pack comprising:

a housing;

a terminal block; and

a core battery assembly supported in the housing, the core battery assembly including
a core housing,
a plurality of battery cells supported in the core housing,
a first weld strap connecting the plurality of battery cells to a positive power

terminal,

a second weld strap connecting the plurality of battery cells to a negative power

terminal,

a first sacrificial electrode connected to the first weld strap, and
a second sacrificial electrode connected to the second weld strap;

wherein a spacing between the first sacrificial electrode and the second sacrificial

electrode 1s between about 4 millimeters (mm) and about 11 mm.

11.  The battery pack of claim 10, wherein each of the first sacrificial electrode and the

second sacrificial electrode have a width, each width being between about 10 mm and about 35

M.

12.  The battery pack of claim 10, wherein each of the first sacrificial electrode and the

second sacrificial electrode have a width, each width being at least about 27.5 mm.

13.  The battery pack of claim 10, wherein each of the first sacrificial electrode and the

second sacrificial electrode have a length, each length being between about 80 mm and about

110 mm.

14.  The battery pack of claim 10, wherein the first sacrificial electrode and the second

sacrificial electrode are positioned outside of the core housing.

15.  The battery pack of claim 10, wherein the first sacrificial electrode and the second

sacrificial electrode are positioned substantially inside of the core housing.

14
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16. A battery pack comprising:
a housing;
a terminal block; and

a core battery assembly supported in the housing, the core battery assembly mcluding

a core housing,
a plurality of battery cells supported in the core housing,

a first weld strap connecting the plurality of battery cells to a positive power

terminal,

a second weld strap connecting the plurality of battery cells to a negative power

terminal,
a first sacrificial electrode connected to the first weld strap, and
a second sacrificial electrode connected to the second weld strap;

wherein a spacing between the first sacrificial electrode and the second sacrificial

electrode is such that an ingress fluid entering the battery pack electrically shorts the first
sacrificial electrode and the second sacrificial electrode to drop a voltage of the cell battery

assembly and discharge battery energy before damaging the battery cells, and

wherein the first sacrificial electrode and the second sacrificial electrode are positioned

substantially inside of the core housing.

17.  The battery pack of claim 16, wherein the spacing is between about 4 millimeters (mm)

and about 11 mm.

18.  The battery pack of claim 16, wherein each of the first sacrificial electrode and the

second sacrificial electrode have a width, each width being between about 10 mm and about 35

IMIT].

19.  The battery pack of claim 16, wherein each of the first sacrificial electrode and the

second sacrificial electrode have a width, the width being at least about 27.5 mm.

15
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20.  The battery pack of claim 16, wherein each of the first sacrificial electrode and the
second sacrificial electrode have a length, each length being between about 80 mm and about

110 mm.

16
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