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(57) Abstract: A battery system includes a can with a lip around an
opening. At least an interior surface of the can is anodized and the lip
of the can includes a longer and shorter side. The can further includes
a flange on the longer side of the lip and a plurality of layers that are
inserted into the can. The plurality of layers includes a battery cell and
a thermally conducting layer with a fin and the fin has a spring force
that pushes the fin towards the anodized interior surface. The battery
system further includes a lid that is configured to cover the opening of
the can, where the flange is configured to wrap around the lid when the
lid covers the opening of the can.



CAPACITANCE REDUCING BATTERY SUBMODULE WITH
THERMAL RUNAWAY PROPAGATION PREVENTION AND

CONTAINMENT FEATURES
[0001]
BACKGROUND OF THE INVENTION
[0002] New types of battery submodules have been developed which include

compressed and stacked (e.g., interleaved) layers of battery cells, insulation (e.g., thermal
and/or electrical), and fins (e.g., for drawing out heat from the interior of the battery
submodule). Additional improvements to further improve the reliability and/or performance

of such battery submodules would be desirable.

SUMMARY

[0002a] Accordingly, there is described a system, comprising: a can with a lip around
an opening, wherein: at least an interior surface of the can is anodized; the lip of the can
includes a longer side and a shorter side; and the can further includes a flange on the longer
side of the lip; a plurality of layers that are inserted into the can, wherein: the plurality of
layers includes a battery cell and a thermally conducting layer with a fin; and the fin has a
spring force that pushes the fin towards the anodized interior surface of the can; and a lid that
is configured to rest on the lip of the can and to cover the opening of the can, wherein the

flange is configured to wrap around the lid when the lid covers the opening of the can.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Various embodiments of the invention are disclosed in the following detailed

description and the accompanying drawings.

[0004] Figure 1 is a diagram showing an embodiment of a battery submodule where

the interior surface of the can is anodized.
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[0005] Figure 2 is a diagram illustrating an embodiment of an electrically conductive

frame which is used to hold a plurality of assembled battery submodules.

[0006] Figure 3A is a diagram illustrating a top view of an embodiment of a can with
a flange.
[0007] Figure 3B is a diagram illustrating a perspective view of an embodiment of a

can with a flange.

[0008] Figure 3C is a diagram illustrating a side view of an embodiment of a can with

a flange.

la
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[6009] Figure 3D is a diagram illustrating a side view of an embodiment of a can with a

flange after the flange is wrapped around the lid.

[0010] Figure 4A is a diagram illustrating an example of a thermally conducting layer with
basic fins.
[0011] Figure 4B is a diagram illustrating an embodiment of a thermally conducting layer

with feathered fins.

[0012] Figure 5A is a diagram illustrating a perspective view of an embodiment of a

thermally conducting layer with multi-fold fins.

[0013] Figure 5B is a diagram illustrating a side view of an embodiment of a thermally

conducting layer with multi-fold fins.

[0014] Figure 6A is a diagram illustrating a perspective view of an embodiment of

compressible cords that are placed between a battery cell and fins.

[0015] Figure 6B is a diagram illustrating a side view of an embodiment of compressible

cords that arc placed between a battery cell and fins.

[0016] Figure 6C is a diagram illustrating a side view of an embodiment of compressible

cords that are placed between a battery cell and fins and are in a compressed state.

[0017] Figure 7 is a diagram illustrating an embodiment of a lid with a recessed and/or

shorter connector.
[0018] Figure 8 is a diagram illustrating an example of an older lid.

[0019] Figure 9 is a diagram illustrating an embodiment of a top plate with a printed circuit

board (PCB) with dual wire bonds and potting.

DETAILED DESCRIPTION

[0020] The invention can be implemented in numerous ways, including as a process; an
apparatus; a system; a composition of matter; a computer program product embodied on a computer
readable storage medium; and/or a processor, such as a processor configured to execute instructions
stored on and/or provided by a memory coupled to the processor. In this specification, these

implementations, or any other form that the invention may take, may be referred to as techniques.



In general, the order of the steps of disclosed processes may be altered within the scope of the
invention. Unless stated otherwise, a component such as a processor or a memory described as
being configured to perform a task may be implemented as a general component that is
temporarily configured to perform the task at a given time or a specific component that is
manufactured to perform the task. As used herein, the term ‘processor’ refers to one or more
devices, circuits, and/or processing cores configured to process data, such as computer program
instructions.

[0021] A detailed description of one or more embodiments of the invention is provided
below along with accompanying figures that illustrate the principles of the invention. The
invention is described in connection with such embodiments, but the invention is not limited to
any embodiment. The scope of the invention is limited only by the claims and the invention
encompasses numerous alternatives, modifications and equivalents. Numerous specific details are
set forth in the following description in order to provide a thorough understanding of the
invention. For the purpose of clarity, technical material that is known in the technical fields
related to the invention has not been described in detail so that the invention is not unnecessarily
obscured.

[0022] Various embodiments of improvements to a battery submodule (where the battery
submodule includes stacked layers of battery cells, insulation (e.g., thermal and/or electrical), and
thermally conducting layers with fins in a can with a lid) are described herein. For simplicity and
ease of explanation, at least some features and/or improvements are described separately or
individually below. Naturally, various battery submodule embodiments can include various
combinations of features and/or improvements even though a particular combination of features
and/or improvements may not necessarily be described specifically herein.

[0023] In some embodiments, a system (e.g., a battery submodule) includes a can with a
lip around an opening. At least an interior surface of the can is anodized, the lip of the can
includes a longer side and a shorter side, and the can further includes a flange on the longer side of
the lip. The system further includes a plurality of (e.g., stacked) layers that are inserted into the
can where the plurality of layers includes a battery cell and a thermally conducting layer with a
fin. The fin has a spring force that pushes the fin towards the anodized interior surface of the can.
The system further includes a lid that is configured to cover the opening of the can where the

flange is configured to wrap around the lid when the lid covers the opening of the can.

3
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[0024] In some embodiments, a system (e.g., a battery submodule) includes a can with an
opening and a plurality of layers that are inserted into the can. The plurality of layers includes a
battery cell and a thermally conducting layer with a fin. The fin includes a plurality of independent
sections, where each section has an independent spring force that independently pushes that section
of the fin towards an interior surface of the can. The system further includes a lid that is configured

to cover the opening of the can.

[0025] In some embodiments, a system (¢.g., a battery submodule) includes a can with an
opening and a plurality of layers that are inserted into the can. The plurality of layers includes a
battery cell and a thermally conducting layer with a multi-fold fin with a plurality of folds; the
multi-fold fin has a spring force that pushes the multi-fold fin towards an interior surface of the can.

The system further includes a lid that is configured to cover the opening of the can.

[0026] In some ecmbodiments, a system (c.g., a battery submodule) includes a can with an
opening and a plurality of layers that are inserted into the can. The plurality of layers includes a
battery cell and a thermally conducting layer with a multi-fold fin with a plurality of folds. The fin
has a spring force that pushes the multi-fold fin towards an interior surface of the can. A
compressible material is placed between the fin and the plurality of layers, where the compressible
material provides an additional spring force that pushes the multi-fold fin towards the interior
surface of the can. The system further includes a lid that is configured to cover the opening of the

can.

[0027] Figure 1 is a diagram showing an embodiment of a battery submodule where the
interior surface of the can (or, more generally, container or case) is anodized. In the example
shown, a top view of the battery submodule without the lid on is shown. The can’s contents
include stacked layers of (battery) cells (100), insulation (102), and a thermally conducting layer
with fins (104), sometimes referred to herein more simply as a fin. The layer of insulation (102) in
some embodiments is a layer of thermal insulation (e.g., to keep heat from one battery cell

spreading to other battery cells).

[0028] In this example, the cells are pouch cells. Pouch cells perform better when pressure
is applied (e.g., ~3 — 5 PSI). More specifically, the cycle life of pouch cells can be extended by
applying pressure to the pouch cells. For this reason, the stacked layers shown here are compressed

by the can (e.g., perpendicular to the largest surface of the pouch cell).
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[0029] In this example, because the insulation (like all of the stacked layers) will be
compressed, the insulation is made up of a material which can withstand (e.g., without collapsing)
the expected pressure from the compressed can. For example, using the spring constant of a
material as a metric of interest, the spring constant of the insulation should be non-negligible. In
some embodiments, the insulation is made of aerogel which is a good thermal insulator and has a

non-negligible spring constant.

[0030] Thermally, the layers of insulation prevent (or at least slow down and/or mitigate)
heat from spreading from one cell to another cell. For example, suppose one cell fails
catastrophically and in the process releases a large amount of heat. Without any insulation, all of
that heat would propagate to a neighboring cell and cause that cell to also fail catastrophically.
Eventually, all of the cells would fail catastrophically in a domino-like effect. This positive
feedback cycle, domino-like cffect (c.g., at the cell or battery Ievel) is sometimes referred to as
thermal runaway. The layers of insulation prevent (or at least slow down and/or mitigate) thermal

runaway from happening (at least at the cell level).

[0031] The fins in this example are made of a thermally conductive material and acts as a
heat sink for the cell, removing the heat produced by the cell (e.g., during normal operation and/or
a catastrophic failure) from the interior of the stacked layers to the exterior. Thermally, the fins are
made of a material which is thermally conductive so that the fin can conduct heat away from the
cell. Structurally, the fins act like a spring and push back when pressure is applied. This spring-
like effect is useful because physical contact with the interior of the can is ensured even if there is
some (e.g., air) gap around the fin. For example, if the edges of the layers are not aligned and/or
the layers have different widths, then the fin may not be “squished” between the interior of the can
and the side of the cell. The thermal conductor layer is better able to conduct heat when the fin is
physically touching the can, so having the fin act like a spring ensures the fin always touches the
can and has good thermal properties even if there is a gap around a bent portion of the fin. In some
embodiments, the fins are made of metal (e.g., 1235 series Al) because metal is a good thermal

conductor and permits the fin to act like a spring.

[0032] One problem with earlier prototypes of the battery submodule is that the contact
between the fins and the interior surfaces of the can would sometimes unintentionally create a
capacitance which undesirably affected the performance of the battery submodule. In this example,
to prevent (or at least mitigate) any capacitance formed by the fins touching the interior surfaces of
the can, the interior surfaces of the can are anodized (110). This is because anodization increases

the electrical resistance and/or insulation of the anodized surface so that the anodized interior
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surface acts less like a capacitor. In the diagram shown here, only the interior side of the can is
anodized (110). The exterior and top of the can (112) is left unanodized to better retain the
properties of the thin walled aluminum can. In some embodiments, the can is made of 1060-O
aluminum. In various embodiments, the exterior surface of the can may be anodized or

unanodized.

[0033] Another problem with earlier versions of the battery submodule is that the layers
would sometimes get out of alignment with each other. To address this, in some embodiments, two
or more layers are attached to each other using tape or some other adhesive. For example, a battery
cell may be taped to its adjacent fin because the battery cells and fins have smooth, slippery
surfaces whereas the insulation has a rougher, “grippier” surface. This may, for example, prevent

layers from slipping out of alignment during the assembly process.

[0034] In some embodiments, other parts of the can (c.g., in addition to or as an alternative

to the interior surfaces of the can) are anodized. The following figure describes an example of this.

[0035] Figure 2 is a diagram illustrating an embodiment of an electrically conductive frame
which is used to hold a plurality of assembled battery submodules. In the example shown, a frame
or rack (200) is used to hold assembled battery submodules (not shown) in place. The frame is
designed to have six battery submodules inserted into the surface shown here and six more on the
opposite surface (not shown). Naturally, the number of battery submodules held by the frame

shown here is merely exemplary and is not intended to be limiting.

[0036] Cutouts (202) in the frame show where each of the assembled battery submodules
are inserted into the frame. The cans of the battery submodules (not shown) have a lip (e.g.,
perpendicular to the (side) walls of the can) so that the can is inserted up to the lip of the can. To
secure the battery submodules to the frame, two screw holes (204) are drilled or otherwise formed
in the frame. The can of a battery submodule has similarly aligned holes, and a screw passes
through the hole in the can and then through the corresponding hole in the frame to secure the
battery submodules to the frame. For context, dashed outlines 206 show where the cans would rest

against the surface of the frame when secured by the screws.

[0037] Earlier prototypes revealed that the frame with the battery submodules inserted
could unintentionally create (e.g., large) capacitances which in turn would unintentionally store

energy at a high voltage. This is dangerous because a worker could potentially touch the frame
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with the battery submodules inserted and be injured (or at least receive an uncomfortable electric

shock) from the clectrical discharge.

[0038] In this example, to mitigate this, parts of the can that come into contact with the
frame are anodized, which mitigates the unintentional buildup of charge. For example, this may
include anodizing the inside of the screw holes in the can, the underside of the lip of the can, and/or

the top part of the exterior surfaces of the can.

[0039] In some embodiments, a can includes a flange to help secure the lid to the can. The

following figure describes one such example.

[0040] Figure 3A is a diagram illustrating a top view of an embodiment of a can with a
flange. In the example shown, a top view of a can (300a) is shown where the lip of the can
includes flanges (302a) on the longer edge of the can. The flange is used to more securely fasten a
lid (not shown) to the top of the can. For example, when a lid is attached to the top of the can, the
flange is wrapped around the lid to more sccurely fasten the lid to the top of the can. It is noted that
the flange is located at the longer side or length of the can, which is structurally weaker than the

shorter side or length and where hot gases within the body of the can are more likely to escape.

[0041] In some embodiments, gas is less likely to escape between the lid and the can on the
shorter sides because screws on those sides (e.g., used to secure the battery submodule to the frame
(200) shown in Figure 2) are effective at securing the lid and the can to each other on those
(shorter) sides. See, for example, screw holes 306a in Figure 3A and screw holes 306b in Figure
3B which are on the shorter sides of the can’s lip and through which a screw would pass. The
presence of the screws makes it difficult for a flange to wrap around the lid on those (shorter) sides
and/or obviates the need for a flange on those (shorter) sides because gas is less likely to escape at

those sides.

[0042] Figure 3B is a diagram illustrating a perspective view of an embodiment of a can
with a flange. From the view shown here, other features of the can (300b) can be seen, including
the cutouts or vents (304) via which hot gases (c.g., released by failing battery cells during thermal
runaway) can escape from inside the battery submodule. In some embodiments, the cutouts are
covered by a tape or other material (not shown) which melts from the heat of the hot gases,
permitting the gases to escape. During normal operation, the tape or other covering prevents debris

from entering the battery submodule.
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[0043] Previous prototypes of the battery submodule encountered a problem when hot gases
were released by failing battery cell(s) during thermal runaway. Instead of escaping from the
cutouts shown, the gases would instead put pressure where the lid is connected to the can and
escape between the can and the lid. For example, previous designs only used a double-sided

adhesive to secure the lid to the can.

[0044] Returning briefly to Figure 2, having hot and/or toxic gases escape via the top of the
battery submodules (e.g., between the lid and the can) is undesirable because when the battery
submodules are inserted in the frame shown in Figure 2, the escaping gas could enter the fuselage.
In contrast, the interior of the frame shown in Figure 2 includes venting for hot and/or toxic gases
to escape in a safe manner, so it is preferable for the gases to escape via the cutouts in the can. To
put it another way, the design of the aircraft and/or frame expects hot and/or toxic gases to ¢xit via

the cutouts, not via a gap between the lid and the can.

[0045] Returning to Figures 3A and 3B, the flange (302a and 302b) more securely fastens
the lid to the top of the can by wrapping around the lid. This better prevents hot and/or toxic gases
from escaping via a gap between the lid and the can. The following figures show this from a side

view.

[0046] Figure 3C is a diagram illustrating a side view of an embodiment of a can with a
flange. In this example, a lid (310c¢) is resting on the lip of the can (300c) so that the lid covers the
opening of the can. The flange (302¢) has not yet been wrapped around the lid. For clarity and
brevity, the contents of the can are not shown in this example, but typically the opening of the can
is closed up using the lid after all of the contents (e.g., the stacked layers) have been inserted into
the can. In the state shown here, the flanges (302¢) on the longer side of the lip have not yet been
wrapped around the lid. For context, a dotted line (312) shows the edge of the lip where there is no

flange (c.g., towards the corners of the can).

[0047] Figure 3D is a diagram illustrating a side view of an embodiment of a can with a
flange after the flange is wrapped around the lid. In the state shown here, the flanges (302d) have
been wrapped around the lid (310d), specifically the edges of the bottom surface that comes into
contact with the lip of the can (300d). This better secures the lid to the can (e.g., in addition to any
other devices and/or techniques that attach the lid to the can, such as a glue or adhesive between the
lip and the bottom of the lid) to prevent any hot gases from escaping between the lid and the can.
Instead, the gases are more likely to escape through some other preferred route (e.g., vents 304 in

Figure 3B).
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[0048] In some embodiments, the can is anodized and the can includes a flange.
Anodization can make aluminum (which the can is made of) brittle. If the aluminum is too brittle
at the flange, the flange can break off when it is being wrapped around the lid. To prevent the
flange from breaking off during assembly, in some embodiments the flange is not anodized (e.g.,
even if other parts of the can are anodized). For example, prior to the anodization process, tape or
other protective material may be applied to the flange to prevent the flange from being anodized.

Any appropriate technique to selectively anodize the can may be employed.

[0049] In some embodiments, the entire can (e.g., interior surfaces, flanges, etc.) is lightly
and/or superficially anodized so that the anodization offers the desired electrical insulation but the
relatively thin layer of anodization is not thick enough to make the flange brittle enough to break
off when wrapped around the lid. For example, suppose the flanges have a height (thickness) of
0.020 inches. If the flanges are anodized so that an anodization layer is created that is within a
range of 0.0002 — 0.0005 inches thick, the flanges will remain supple enough so that they will not
break when bent. In some embodiments, the anodization is that specified by MIL-A-8625 Type 2,
Class 2. Anodizing only a relatively thin layer of the entire can may be desirable in some
applications because it simplifies and/or speeds up the manufacturing process (e.g., no need to
apply tape, can submerge the entire can instead of carefully keeping part of the can out of the

anodization fluid, etc.).

[0050] Returning briefly to Figure 1, the (pouch) cells (100) in the battery submodules need
to be cooled in order to perform effectively. However, due to uneven interior surfaces of the can,
the edges of the fins (104) do not always make good contact. To address this and improve the
battery submodule’s ability to draw heat out, various improvements to the fin may be employed.

The following figures show some embodiments.

[0051] Figure 4A is a diagram illustrating an cxample of a thermally conducting layer with
basic fins. In this example, an earlier prototype of a thermally conducting layer is shown. This
version has three planar portions: a center portion (400), where an adjacent layer sits or otherwise
nestles in, and two fins (402 and 404) on the side. The two fins are created by bending the
thermally conducting layer and creating a crease between the planar potions. This causes the fins
to have a spring force, causing them to push against the interior surface of the can when the
thermally conducting layers (in the stacked array) are inserted into the can. However, the fins

sometimes will not touch the interior surfaces of the cans because the walls are bent or curved.
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[0052] To address this, in some embodiments, the fins are cut or otherwise divided into
sections that can bend or flex independently of each other. The following figure shows an example

of this.

[0053] Figure 4B is a diagram illustrating an embodiment of a thermally conducting layer
with feathered fins. In this example, the fins (410 and 412) are cut to create a feathered fin. These
cuts create independent sections (e.g., each with its own spring force and/or independent position)
that can bend or flex independently of the other sections. That way, even if the section of the can
(not shown) adjacent to section 414 bulges out towards feather 414 whereas the section of the can
(not shown) adjacent to section 416 pulls away from feather 416, both sections can independently
move in order to make contact with the can. In some embodiments, the edges of the feathered
sections are radiused to improve the assembly process. Alternatively, the feathering cuts are angled

in some embodiments to allow easier insertion in one direction.

[0054] Another approach to this problem is to increase the spring force of the fin. The

following figure shows one embodiment that takes this approach.

[0055] Figure 5A is a diagram illustrating a perspective view of an embodiment of a
thermally conducting layer with multi-fold fins. In this example, fins (500a and 502a) are created
by folding or otherwise bending the thermally conducting layer multiple times. The fins shown
here have two bends (each) and have a greater spring force than a fin formed using only a single
bend (e.g., that shown in Figure 4A). The following figure shows a side view and more clearly

shows the multiple bends used to form the fins.

[0056] Figure 5B is a diagram illustrating a side view of an embodiment of a thermally
conducting layer with multi-fold fins. Fins 500b and 502b in this figure correspond respectively to
fins 500a and 502a from Figure 5A. As is more clearly shown here, each multi-fold fin includes
two folds: a sharp bend or crease (510) in the thermally conducting layer and then a rounded bend
(512) closer to the edge of the fin. It is noted that the shapes and/or geometries shown here are
merely exemplary and are not intended to be limiting (e.g., the first bend (510) does not necessarily
have to be sharp and/or a 90° change in direction, the second bend (512) does not necessarily need

to be rounded and/or a 180° change in direction, etc.).

[0057] Another way to increase the spring force is to insert a compressible material

between the fins and an adjacent battery cell. The following figures show an example of this.
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[0058] Figure 6A is a diagram illustrating a perspective view of an embodiment of
compressible cords that are placed between a battery cell and fins. In this example, two cords
(600a) are placed (one on the left side and one on the right side) between the fins (602a) and the
sides of a battery cell (604a) that is cradled by the thermally conducting layer with the fins (602a).
(To describe it more generally, a compressible material is placed or disposed between the (sides of
the) stacked layers and the fins.) The cords are made of a compressible material, such as silicone
foam. When the stacked layers (which include the components shown here) are inserted into a can,
the compressible cords will increase the spring force of the fins so that the fins make better contact
with the interior walls of the can. This, in turn, improves the heat dissipation of the battery

submodule. The following figure shows this example from a side view.

[0059] Figure 6B is a diagram illustrating a side view of an embodiment of compressible
cords that are placed between a battery cell and fins. In the state shown here, the stacked layers
(which include the compressible cords (600b), the thermally conducting layer (610) with the fins
(602b), and the battery cell (604b)) have not yet been inserted into the can. The compressible cords
(600b) are therefore in their uncompressed state. The following figure shows the cords in their

compressed state when the stacked layers are inserted into the can.

[0060] Figure 6C is a diagram illustrating a side view of an embodiment of compressible
cords that are placed between a battery cell and fins and are in a compressed state. In this example,
the stacked layers have been inserted into a can (620). The compressible cords (600c¢), which are
now in their compressed state, are sufficiently sized so that they increase the spring force of the fins
(602¢) so that the fins make better contact with the interior walls of the can (e.g., touching as
opposed to not touching, a larger arca of contact versus a smaller area of contact, etc.). The
compressible cords (600c) also create a new path for heat to exit the battery submodule (c.g., from
the battery cell (604¢) to the compressible cord (600¢) to the fin (602¢) to the can (620)).
Altogether, the compressible cords improve the heat dissipation of the battery submodule compared

to when the compressible cords are not employed.

[0061] Although this example shows a single rope or cord on cach side, some other
embodiments may use multiple, shorter pieces of compressible material dispersed on each side.
For example, multiple balls or spheres made of the compressible material may be distributed on
each side. Or, each side may have multiple cylindrical pieces of the compressible material. For
example, in some applications this may be desirable because it reduces weight and/or the cost of

the materials.
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[0062] In some embodiments, an adhesive (e.g., tape, glue, etc.) is used to hold the
compressible material in place. For example, this may prevent the compressible material from

slipping out of the pocket or space between the battery cell and fins.

[0063] The following figures describe examples of improvements to the lid. As will be
described in more detail below, these improvements improve reliability and/or make assembly

easier.

[0064] Figure 7 is a diagram illustrating an embodiment of a lid with a recessed and/or
shorter connector. In the example shown, the lid includes two parts: a tab cover (700) and a top
plate (702). In this example, there are 12 cells in the battery submodule. The top plate includes
openings (704) via which 12 positive tabs and 12 negative tabs (not shown) from the 12 battery
cells pass through the top plate and are attached to copper tabs (706) on the top plate. Electrically,
this produces four groups of clectrically connected cells (where cach group includes three battery

cells).

[0065] The power supply output by the battery submodule is a combination of all 12 cells
but to help with monitoring and/or management of the battery submodules, the voltages of the four
groups are reported via an electrical connector (708). For example, the voltage of the first group-
of-three, the voltage of the second group-of-three, and so on is/are reported. The electrical
connector (708) fits through a recessed opening (710) in the tab cover (700) so that it is accessible
when the tab cover is fastened to the top plate (702).

[0066] Figure 8 is a diagram illustrating an example of an older lid. In this example, an
older version of the lid is shown where the tab cover (800) and top plate (802) are both attached.

The electrical connector (804) is shown protruding from the tab cover.

[0067] The new lid shown in Figure 7 has a number of differences compared to the older
version shown in Figure 8. One change is that the new electrical connector (708) is shorter (e.g.,
closer to the surface of the top plate) and smaller, and docs not have any tangs (c.g., clips) at the
connector’s sides to lock the connector into place. For example, the new connector (708) may have
dimensions on the order of 0.1” by 0.3” whereas the older connector (804) has dimensions on the
order of 0.2” by 0.5”. This more unobtrusive connector may make assembly easier since the
shorter and/or smaller connector does not block as much of the top plate, making access to the
printed circuit board (712) and/or top plate (702) easier. Having the new connector (708) be

recessed and/or otherwise protected by the tab cover (e.g., so that the connector is not the highest
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part of the lid) may also help protect or otherwise shield the connector. As shown here, in some

embodiments, a lid includes a tang-less and recessed electrical connector.

[0068] The new tab cover (700 in Figure 7) is also taller than the old tab cover (802 in
Figure 8). For example, with the older and shorter tab covers, some of the tabs from the battery
cells inside the can would need to be trimmed due to the shorter height of the old tab cover. This
trimming process is time consuming and could potentially damage the partially assembled battery
submodule (e.g., because some welding or wiring breaks during trimming). To speed up the
assembly process and reduce loss during the assembly process, the new tab covers (700 in Figure 7)
are taller which eliminates the need to trim the tabs extending from the battery cells. For example,
the new tab covers are on the order of 0.35” high whereas the old tab covers are on the order of

0.25” high.

[0069] Other improvements to the new lid include how some clectrical connections arc

made. The following figure shows an example of this.

[0070] Figure 9 is a diagram illustrating an embodiment of a top plate with a printed circuit
board (PCB) with dual wire bonds and potting. In the example shown, a top view of a top plate
(900) is shown. As described above, a connector (902) reports the voltages of the grouped battery
cells within the battery submodule. To do that, the copper tabs (904), to which the tabs of the
battery cells are connected, are connected to the PCB (906) using dual wire bonds (908) and potting
(910). This ensure a good (e.g., robust) electrical and physical connection. For example, the
battery submodule may be used in an aircraft and there may be significant vibrations from the lift
fans/propellers which could break less robust connections. As shown here, in some embodiments,
the lid includes an electrical connector that reports the voltages of the plurality of battery cells and
an electrical connection in the lid, associated with reporting the voltages of the plurality of battery

cells, includes dual wire bonds and potting.

[0071] In this example, the dual wire bonds have a diameter in the range of 0.001 - 0.010
inches. In various embodiments, the dual wire bonds are made of aluminum, copper, gold, a plated
wire, etc. In this example, the potting is made of electrical equipment safe Silicon RTV (e.g., with

no acetic acid).

[0072] In some embodiments, the bottom of the can includes a layer of high temperature

insulation such as ceramic paper (alternatively, a ceramic blanket). In some embodiments, such
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cotronics is attractive because there is no dust (e.g., when cut and/or shaped) and it is easily shaped

or cut. In some embodiments, the cotronics has the following properties:

Melting Point: 3200°F
Continuous Service Temperature: ~ 2300°F
Construction: mat
Density: 12 #/ft
Dielectric Strength: 100 volts/mil
Diclectric Constant: 1.61 @ 10® cps
Loss Factor: 0.017
Specific Heat: 0.25 BTU/#°F
Thermal Conductivity:

BTU in/hr. °F ft.2 @ 500°F = 0.38

@ 1000°F = 0.60
@ 1500°F = 0.90
@ 2000°F = 1.33

[0073] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the invention is not limited to the details provided. There are
many alternative ways of implementing the invention. The disclosed embodiments are illustrative

and not restrictive.
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EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. A system, comprising:
a can with a lip around an opening, wherein:
at least an interior surface of the can is anodized;
the lip of the can includes a longer side and a shorter side; and
the can further includes a flange on the longer side of the lip;
a plurality of layers that are inserted into the can, wherein:
the plurality of layers includes a battery cell and a thermally conducting layer
with a fin; and
the fin has a spring force that pushes the fin towards the anodized interior
surface of the can; and
a lid that is configured to rest on the lip of the can and to cover the opening of the can,

wherein the flange is configured to wrap around the lid when the lid covers the opening of the

can.
2. The system recited in claim 1, wherein the flange is not anodized.
3. The system recited in claim 1, wherein the flange is anodized within a range of 0.0002

— 0.0005 inches thick.

4. The system recited in claim 1, wherein:
the can does not have a flange on the shorter side of the lip; and

the can further includes a screw hole on the shorter side of the lip.

5. The system recited in claim 1, wherein:
the can does not have a flange on the shorter side of the lip;
the can further includes a screw hole on the shorter side of the lip; and

the inside of the screw hole is anodized.
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6. The system recited in claim 1, wherein the plurality of layers further includes a layer

of thermal insulation.

7. The system recited in claim 1, wherein:
the battery cell includes a pouch cell; and
the can applies a pressure within a range of 3 — 5 PSI to the plurality of layers.

8. The system recited in claim 1, wherein the lid includes a recessed electrical connector.

9. The system recited in claim 1, wherein:
the battery cell is one of a plurality of battery cells that are inserted into the can;
the lid includes:
an electrical connector that reports voltages of the plurality of battery cells;
a printed circuit board coupled to the electrical connector; and
one or more tabs electrically connected to the plurality of battery cells, wherein
the one or more tabs are connected to the printed circuit board via dual wire bonds and

potting.

10.  The system recited in claim 1 wherein the fin includes a plurality of independent
sections adapted to move independently from each other, wherein each section has an
independent spring force that independently pushes that section of the fin towards the interior

surface of the can.
11.  The system recited in claim 1 wherein the system includes a plurality of cans housed
in a frame, a lip around an opening of each can resting on a corresponding opening in the

frame, one of a surface of the lip of each can and a surface of the frame with which the lip is

in contact being anodized.
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