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BATTERY WITH COMPRESSION AND PREVENTION OF THERMAL
RUNAWAY PROPAGATION FEATURES

CROSS REFERENCE TO OTHER APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/372,449 entitled KITE SUBMODULE filed August 9, 2016 which is incorporated herein by

reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] Thermal runaway in a battery may occur when one or more cells fail
catastrophically, which releases a significant amount of heat (e.g., on the order of hundreds of °C).
Batteries which prevent thermal runaway but which also offer performance advantages during

normal operation would be desirable.

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 illustrating an embodiment of insulation and battery cells

stacked with thermal conductors with double-sided fins.
[0005] Figure 2 is a diagram illustrating an embodiment of a metal can.

[0006] Figure 3 is a diagram illustrating an embodiment of a compressed metal can with

stacked layers, including tabs.
[0007] Figure 4 is a diagram illustrating an embodiment of a can with the lid attached.

[0008] Figure 5 is a diagram illustrating an embodiment of insulation and battery cells

stacked with single-sided fins.

[0009] Figure 6 is a diagram illustrating an embodiment of insulation and battery cells, with

side compression on one side, stacked with single-sided fins.
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[0010] Figure 7 is a diagram illustrating an embodiment of insulation and battery cells, with

side compression on both sides, stacked with single-sided fins.

[0011] Figure 8 is a diagram illustrating an embodiment of a can with two vent holes on a

side where cans are placed next to each other with terminals of opposite polarity next to each other.

[0012] Figure 9 is a diagram illustrating an embodiment of a can with a single vent hole on
a side where cans are placed next to each other with terminals of the same polarity next to each

other.

[0013] Figure 10 is a diagram illustrating an embodiment of a can with two vent holes on a

side where cans are placed next to each other with terminals of the same polarity next to each other.

[0014] Figure 11 is a diagram illustrating an embodiment of a can with 12 vent holes on a

side where cans are placed next to each other with terminals of opposite polarity next to each other.

[0015] Figure 12 is a diagram illustrating an embodiment of a can with 12 vent holes on a
side with different patterns where cans are placed next to each other with terminals of the same

polarity next to each other.

[0016] Figure 13 is a diagram illustrating a second embodiment of a can with 12 vent holes
with the same pattern on each side where cans are placed next to each other with terminals of the

same polarity next to each other.

[0017] Figure 14 is a diagram illustrating an embodiment of a lid with the underside painted

with intumescent paint.

[0018] Figure 15 is a diagram illustrating an embodiment of stacked layers which are

painted with intumescent paint.

[0019] Figure 16 is a diagram illustrating the assembly and components of an exemplary
battery.
[0020] Figure 17 is a diagram illustrating an embodiment of a thermal conductor with

double-sided fins.

[0021] Figure 18 is a diagram illustrating an embodiment of insulation within stacked

layers.
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[0022] Figure 19 is a diagram illustrating an embodiment of a PCB and top plate.

[0023] Figure 20 is a diagram illustrating an embodiment of wire bonding locations.

DETAILED DESCRIPTION

[0024] 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.

[0025] 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
mvention 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.
These details are provided for the purpose of example and the invention may be practiced according
to the claims without some or all of these specific details. 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.

[0026] Various embodiments of a battery are described herein. In at Ieast some of these
examples, the battery includes a metal can which has a bottom, top opening and four sides. A
plurality of battery cells are stacked inside the metal can where at least two opposing sides of the
metal can are biased inward (e.g., by compressing at least two sides of the metal can with the
stacked layers inside) against the cells to provide compression. For example, as will be described
in more detail below, the battery cells may be pouch cells which perform better under pressure and

the inward biasing of the metal can puts pressure on the cells. In some embodiments, the cells are
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stacked with layers of insulation so that if one cell fails catastrophically, the released heat will not
cause a neighboring cell to also fail. In some embodiments, the cells are stacked with thermal
conductor layers with fins which help with heat dissipation (e.g., during normal operation or a

catastrophic failure).

[0027] First, an example of stacked layers (e.g., which go into a metal can in some

embodiments) is described. Then, an example of an empty can is described.

[0028] Figure 1 is a diagram illustrating an embodiment of insulation and battery cells
stacked with thermal conductors with double-sided fins. Diagram 100 shows a top view of the
example contents of a metal can before the contents are put in the can and the can is compressed.
In this example, the stacking pattern begins (e.g., going from top to bottom in diagram 100) with
two layers of insulation (102). 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

msulator and has a non-negligible spring constant.

[0029] 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 effect (e.g., at the cell or battery level) 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).

[0030] After the two layers of insulation (e.g., going from top to bottom in diagram 100),
the next layer is a thermal conductor with a double-sided fin (104). In this example, layer 104 is a
thermal conductor 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. The fin part of the thermal conductor layer refers to the one or more bent portions at the
end(s). In this example, there are two bent portions: one at each end of fin 104. For this reason,
this type of fin is referred to herein as a double-sided fin. Some examples described below use

single-sided fins, where the fin only has one bent portion at one end.
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[0031] Thermally, layer 104 is 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 (e.g., unlike what is shown in
diagram 110). 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, layer 104 is made of metal (e.g., 1235 series Al) because metal is a good thermal
conductor and permits the fin to act like a spring. A more detailed example is described in more

detail below.

[0032] The next layer after layer 104 is a (battery) cell (106). 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 in diagram 100 are compressed using a metal can.

[0033] The stacking pattern then repeats (¢.g., insulation, thermal conductor with fin, cell,
etc.) until the pattern ends with two layers of insulation (e.g., at the bottom of diagram 100). In this
example, the stacking pattern begins and ends with two layers of insulation but this is not intended
to be limiting. In some embodiments, there could be one layer of insulation or three layers of
insulation, etc. at the ends. In some embodiments, the two layers of insulation at the beginning/end
of the stacked pattern may be e¢liminated (e.g., because a counterpart or corresponding metal can
has vents on all four sides). In some embodiments, the first layer and last layer comprises a thinner
layer of insulation (e.g., compare to the layers of insulation which go between the cells). In some
embodiments, the insulation (e.g., not just at the ends) is selected or otherwise takes into account

case of installation of the cell stack and/or compression of the cells.

[0034] A metal can with the stacked layers (shown in diagram 100) is then compressed and
diagram 110 shows the resulting compressed can and contents. In one example of how the
compressed can is manufactured, the layers are first stacked outside of the can. The stacked layers
are then gathered together with the fins pressed flat against the sides of the cells. This may prevent
the fins from catching on the can and/or getting damaged when the layers are inserted into the can.
With the stacked layers in the can, the sides of the metal can are compressed, for example with

pressure applied to the “face” of the cells (¢.g., the longer/larger sides) because that is what helps
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increase cycle life. In some embodiments, the compression machinery compresses the can to

predetermined dimensions (e.g., a predetermined width and/or predetermined depth).

[0035] Naturally, any assembly and/or manufacturing process may be used. In another
example, the can is placed on its side with the top opening facing sideways and the longer sides of
the can oriented vertically (e.g., so that diagrams 100 and 110 would be side views). The layers
may then be inserted into the can (e.g., one at a time and in the proper order). Once full, the can

may be compressed.

[0036] Diagram 110 shows the stacked layers inside the metal can (112) after the can has
been compressed so that the can is applying some desired amount of pressure (e.g., ~3 — 5 PSI) on
the battery cells. In this example at least, the compression of the can and its contents causes the
fins to fold and those parts of the fins are flush against both the can (112) and the sides of the cells.
As described above, even if there is an air gap (which is not shown in diagram 110), the spring-like

action of the fins will cause the fins to make contact with the interior of the can.

[0037] To reiterate the benefits described above, the exemplary battery offers good thermal
msulation between adjacent cells so that heat cannot spread (or at least, cannot spread as quickly)
from one cell to another cell during a catastrophic failure. Another benefit to the exemplary battery

is that the cycle life of the cells is extended because of the pressure applied by the can.

[0038] It is noted that this figure is merely exemplary and is not intended to be limiting.

For example, although there are eight battery cells per battery, a battery may include any number of
battery cells. Similarly, the dimensions (e.g., widths, depths, etc.) shown here are not to scale and
are not intended to be limiting. For example, the thickness of can 112 has been exaggerated so that

the different components of the exemplary battery can be better seen.

[0039] The following figure illustrates an example of an empty can and a rack which holds

multiple batteries.

[0040] Figure 2 is a diagram illustrating an embodiment of a metal can. In the example
shown, diagram 200 shows an example of a metal can which may be used to hold and compress
stacked layers (e.g., including insulation and battery cells). As described above, the metal can is
compressed with the stacked layers in the can. Therefore, in some embodiments the can is made of
a material which is relatively easy to compress and can subsequently maintain its form and/or
structure so that the contents of the can remain under pressure months or even years after the can

has been compressed. It would not be desirable, for example, if a metal can lost its shape over time



WO 2018/031077 PCT/US2017/024458

and the battery cells eventually had little or no pressure applied to them. In one example, the can is
made of 1000 series aluminum (e.g., 1070 T0) and the walls are approximately 0.024” thick and the
bottom of the can is approximately 1/16” thick. 1070 TO aluminum can be compressed relatively
casily but maintains its shape or structure after being compressed which (as described above) is
desirable. The can may be manufactured using any appropriate technique including (but not

limited to) deep drawing or impact extrusion (which may be less expensive than deep drawing).

[0041] In this example, the metal can has a flanged top (202). The flanged top permits the
battery to sit (e.g., without falling through) in a frame or rack (206) which has cutouts (208) for
batteries to be inserted into. Diagram 210 shows an example of such a rack with six cutouts. In
some embodiments, the interior of the rack may hold other (e.g., electrical) components, such as a
flight computer. In some aircraft applications (e.g., drones or other “bare bones” aircraft), there is a
minimal amount of casing or shielding to protect the batteries and other sensitive (e.g., electrical)
components from debris which is blown about by the rotors/propellers. Another benefit to the
flanged top is that it prevents debris from entering the interior of a rack. This may prevent the
batteries (and/or other equipment, if contained in the rack) from getting dirt or sand blown into
them. Naturally, the number of cutouts and the dimensions shown here are merely exemplary and

are not intended to be limiting.

[0042] The following figure shows an example of tabs which are used to conduct the

electricity generated by the battery cells out of the interior of the can.

[0043] Figure 3 is a diagram illustrating an embodiment of a compressed metal can with
stacked layers, including tabs. In the example shown, metal can 300 holds stacked layers,
including insulation (302) and cells (304). As described above, the can has been compressed so

that the cells operate under some desired amount of pressure.

[0044] This diagram also shows tabs (306 and 308) which are used to conduct the
electricity generated by the cells out of the can. In this example, tab 306 is a positive tab and tab
308 is a negative tab. At one end, these tabs are electrically connected to the cells in the can. At
the other end, the tabs are electrically connected to the underside of a lid (not shown). This permits
the electricity generated by the cells in the can to be accessed from a positive terminal and a
negative terminal on the top of the can. The following figure shows an example of a battery with
an attached lid and illustrates another reason why (e.g., for embodiments with tabs) it may be

desirable to have a can which compresses or otherwise applies pressure to its contents.
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[0045] Figure 4 is a diagram illustrating an embodiment of a can with the lid attached. In
this example, lid 400 is attached to metal can 402. Tabs (some examples of which are shown in
Figure 3 but which are not shown here) are connected to the underside of lid 400. Inside of the lid,
there are electrical connections which permit the electricity coming from the tabs to be conducted
to positive terminal 404 and negative terminal 406. This permits the electricity generated by the
cells in the can to be accessed externally using a single positive terminal and a single negative

terminal.

[0046] This figure and the previous figure illustrate another benefit of the battery
embodiments described herein. If the contents of a can are free to bounce around (e.g., in an
aircraft application), then enough downward force on the tabs may cause the tabs to detach from
the bottom of the lid. Since the contents of a compressed can are held in place, tabs in battery
embodiments described herein will not pull down and therefore cannot detach from the bottom of

the lid which is desirable.

[0047] The stacking pattern shown in Figure 1 is merely one example of how the contents
in a metal can may be arranged. The following figures describe some other stacking pattern

examples. For clarity, cans and lids are not shown in these figures.

[0048] Figure 5 is a diagram illustrating an embodiment of insulation and battery cells
stacked with single-sided fins. From this top view, the exemplary stacking pattern (excluding the
two layers of insulation at the top and bottom) is: insulation (502), single-sided fin (504), and cell
(506). As described above, a single-sided fin only has one bent portion at one end. In this
example, the orientation of the single-sided fins alternates so that one fin will touch one interior
side of the can and the next fin will touch the opposite interior side of the can. As such, less heat is

transferred between cells (e.g., which further helps prevent catastrophic thermal runaway).

[0049] Figure 6 is a diagram illustrating an embodiment of insulation and battery cells, with
side compression on one side, stacked with single-sided fins. From this top view, the exemplary
stacking pattern (excluding the two layers of insulation at the top and bottom) is: insulation layer
(602), single-sided fin (604), and cell (606). On the side of the cell opposite the bent portion of the
fin is side compression (606). In some embodiments, the side compression is made of aerogel
and/or is a foam-type material. In this example, the side compression acts to better secure the cell
in the compressed can and/or ensure that the cell has some desired amount of pressured applied to
it. The side compression further helps to compress the aluminum fins into the inside can wall to

provide better thermal contact. In some embodiments, an adhesive is used to stick the side
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insulation to the cell.

[0050] Figure 7 is a diagram illustrating an embodiment of insulation and battery cells, with
side compression on both sides, stacked with single-sided fins. From this top view, the exemplary
stacking pattern (excluding the two layers of insulation at the top and bottom) is: insulation layer
(702), single-sided fin (704), and cell (706). In this example, both sides of the cell have side
compression (706). On the cell of the cell that has the bent portion of the fin, the side compression
is between the cell and the fin.

[0051] In some embodiments, a can has one or more vent holes to help dissipate heat. The

following figures show some venting examples.

[0052] Figure 8 is a diagram illustrating an embodiment of a can with two vent holes on a
side where cans are placed next to each other with terminals of opposite polarity next to each other.
For clarity, the lid and some other aspects of the battery are not shown here. Diagram 800 shows a
side view of the exemplary can (802). In this example, the can has two holes in the shape of a
rounded rectangle near the bottom of the can: vent A (804) and vent B (806). The two vents are at
different heights where vent B is located closer to the bottom of the can and vent A is located
higher up. The bottom of vent A is higher than the top of vent B, with some margin between the
two. Also, vent A is on the negative terminal side of the can and vent B is on the positive terminal

side of the can.

[0053] Diagram 810 shows a top view of two cans placed next to each other. For example,
they may be inserted into cutouts in a frame which holds multiple batteries (see, e.g., Figure 2). In
this example, the orientation of the batteries alternates so that the positive terminal of the left can
(812) is next to the negative terminal of the right can (814) and vice versa. With this orientation,
the A vent of the can on the left is oriented towards the general vicinity of the B vent of the can on
the right. Similarly, the B vent of the can on the left is oriented towards the general vicinity of the
A vent of the can on the right. However, since they are at different heights, the vents do not
directly face each other (sometimes referred to as overlapping). As a result, any heat or flames
emitted from the vent of one can will not have a straight path to a vent of the other can. This is
desirable because it prevents (or at least slows or mitigates) thermal runaway and/or one battery
from failing when an adjacent battery fails. It is noted that the spacing in diagram 810 is not to

scale, and in some real world applications the cans may be only a few inches apart.

[0054] This placement of vents may be expressed or defined using axis 808. Axis 808 is a
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vertical axis which divides the side of the can in half. If each vent hole is reflected or otherwise
rotated about axis 808, the reflected or rotated vent hole does not overlap with another vent hole on
that side. For example, when vent A (804) is reflected or rotated about axis 808, reflected/rotated
vent A does not overlap with vent B (806). Similarly, when vent B (806) is rotated or otherwise
reflected about axis 808, reflected/rotated vent B does not overlap with vent A (804). If all vent
holes are positioned with this property or characteristic in mind, none of the vent holes will be
directly face to face or overlap when they are placed next to each other with the orientation shown

(e.g., positive terminals next to negative terminals).

[0055] Although not shown here, the other sides of the can may also have vent holes which
also do not directly face (or otherwise overlap with) other vent holes on an adjacent can. In some

cases, all four sides of a can have vent holes.

[0056] Naturally, in some other applications the batteries may be oriented with all of the
positive terminals next to each other and all negative terminals next to each other. The following
figures show some examples of this where the vent holes are placed so that they do not directly face

(or otherwise overlap with) one another.

[0057] Figure 9 is a diagram illustrating an embodiment of a can with a single vent hole on
a side where cans are placed next to each other with terminals of the same polarity next to each
other. In the example shown, diagram 900 shows a first side view of the exemplary can. Vent A
(904) is located on this side of the can. Diagram 902 shows the opposite side of the can (e.g., note
that the negative terminal is on the left side in diagram 900 but is on the right side in diagram 902).
Vent B (906) is located on the side of the can shown in diagram 902 where the bottom of vent A

(904) is higher than the top of vent B (906) with some separation between the two.

[0058] Diagram 910 shows multiple cans placed next to each other with the positive
terminals next to each other and the negative terminals next to each other. As before, even though
the A vent from one can is pointing in the general direction of the B vent of another can (and vice
versa), because the two types of vents are at different heights, the A and B vents are not facing each
other directly. As described above, since there is no direct path from one vent to another, the

spread of heat and/or fire from one can to another is prevented or at least slowed down.

[0059] Returning to the example of Figure 8, it is noted that the pattern shown in Figure 8
will also work for batteries where terminals of the same polarity are placed next to each other. The

following figure shows an example of this.

10
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[0060] Figure 10 is a diagram illustrating an embodiment of a can with two vent holes on a
side where cans are placed next to each other with terminals of the same polarity next to each other.
In the example shown, diagram 1000 shows a side view of a first side of the exemplary can and
diagram 1002 shows a side view of the opposite side of the exemplary can. In this example, the
same pattern from Figure 8 is used, but the shape of the vent hole is an oval as opposed to a
rounded rectangle. As shown in diagrams 1000 and 1002, both sides shown have a vent A (1004)
above and to the left of a vent B (1006). As described above, if vent A were rotated or reflected

about axis 1008, it would not overlap with vent B and vice versa.

[0061] Diagram 1010 shows multiple cans placed next each other with terminals of the
same polarity next to each other. As described above, vent A and vent B face in the general
direction of each other, but because they are at different heights there is no direct path between the

two, which prevents (or at least slows down) any heat and/or fire transfer from one can to another.

[0062] As shown in Figures 9 and Figure 10, a variety of vent hole patterns may be used.
In some embodiments (see, e.g., Figure 9), two different vent hole patterns are used for the two
opposite sides where the two vent hole patterns do not overlap. In other embodiments (see, e.g.,
Figure 10), the same vent hole pattern is used for the two opposite sides where each vent hole,

when rotated or reflected about a vertical axis, does not overlap with another vent hole.

[0063] Structurally, it may be desirable to use more smaller vent holes per side as opposed
to fewer larger vent holes because it makes it easier for the can to maintain its shape and/or apply
the desired amount of pressure for months or even years. The following figures show some

examples of this.

[0064] Figure 11 is a diagram illustrating an embodiment of a can with 12 vent holes on a
side where cans are placed next to each other with terminals of opposite polarity next to each other.
In this example, diagram 1100 shows a side view of the exemplary can where the side is covered
from top to bottom with 12 vent holes. The vent holes in this example have a pattern where an A
vent (1102) and a B vent (1104) are on the same (left) half as the negative terminal. The A vent
and B vent are at different heights where the bottom of the A vent is higher than the top of the B
vent with some margin or space between the two. A C vent (1106) and a D vent (1108) are on the
same (right) half as the positive terminal. The C vent is at the same height as the A vent, and the D
vent is at the same height as the B vent. This pattern repeats so that there are 12 vent holes

throughout the side of the can.

11



WO 2018/031077 PCT/US2017/024458

[0065] Diagram 1110 shows a top view of two cans placed next to each other. In this
example, the cans have alternating orientation so that the positive terminal of one is next to the
negative terminal of the other. As shown here, the A vents and D vents point in the general
direction of each other and the B vents and C vents similarly point the general direction of each
other. However, because the A vents and D vents are at different heights, they do not directly face
one another. Similarly, the B vents and C vents are at different heights, so they do not directly face

one another. This prevents a direct path from the vent of one can to the vent of an adjacent can.

[0066] The following figures shows a similar example of 12 vent holes per side where the

batteries are oriented with like terminals next to each other.

[0067] Figure 12 is a diagram illustrating an embodiment of a can with 12 vent holes on a
side with different patterns where cans are placed next to each other with terminals of the same
polarity next to each other. Diagram 1200 shows a first side of the exemplary can. On this side of
the can, there are three roles of vent holes where each row has four vent holes at the same height:
vent A (1202), vent B (1204), vent C (1206), and vent D (1208). Diagram 1210 shows the opposite
side of the exemplary can. On this side, there are also three roles of vent holes where each row has
four vent holes at the same height (i.e., vent E (1212), vent F (1214), vent G (1216), and vent H
(1218)), but the vent holes are at different heights in diagram 1200 compared to diagram 1210.

[0068] Diagram 1220 shows multiple cans lined up with positive terminals next to each
other and negative terminals next to each other. As shown here, since the rows of vent holes on the
two sides are at different heights, none of the vent holes facing generally toward each other will
have a direct path to another vent. That is, vent D and vent E do not directly face each other, vent
C and vent F do not directly face each other, vent B and vent G do not directly face each other, and

vent A and vent H do not directly face each other.

[0069] Figure 13 is a diagram illustrating a second embodiment of a can with 12 vent holes
with the same pattern on each side where cans are placed next to each other with terminals of the
same polarity next to each other. In this example, both exemplary sides have the same pattern. As
shown in diagram 1300 and diagram 1310, the vent holes have a pattern of vent A (1302), vent B
(1304) placed lower than vent A, vent C (1306) at the same height as vent A, and vent D (1308) at

the same height as vent B.

[0070] Diagram 1320 shows multiple cans lined up with positive terminals next to each

other and negative terminals next to each other. Similar to the above examples, vent D does not
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directly line up with vent A, vent C does not directly line up with vent B, and vice versa.

[0071] As shown in this example and previous examples, any number of vent holes per side
may be used (e.g., 1, 2, 12, etc.). These examples also show that vent holes may comprise a variety
of shapes (e.g., rounded rectangles, rectangles, ovals, etc.) and that vent holes may be placed in any
desired location (e.g., all over the side of the can, just towards the bottom, etc.). The examples

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

[0072] In some embodiments, a vent hole is covered with tape (e.g., thermally conductive
tape to permit cooling during forward flight in aircraft applications). During normal operation, the
tape may prevent debris from entering the battery via a vent hole and/or provide weather sealing. If
one or more battery cells fail catastrophically, the failing cell(s) will emit a large amount of
heat/fire and/or the pressure will drop which will cause the tape to melt. (The amount of heat
released will heat the tape hundreds of °C and most commercially available tapes will melt at such
temperatures so there is wide variety of tape to choose from.) This, in turn, permits airflow over
the exposed contents of the can (i.e., the stacked layers) which helps with heat dissipation when a

catastrophic failure occurs.

[0073] In some embodiments, intumescent paint (e.g., with fire retardant and/or fire
protecting properties) is applied to one or more surfaces or components. Intumescent paint may
also provide energy absorption due to phase change. The following figures describe some

examples of this. Fire retarding expanding foam may also be used.

[0074] Figure 14 is a diagram illustrating an embodiment of a lid with the underside painted
with intumescent paint. In this example, a side/cutaway view of the exemplary battery is shown.

In this example, lid 1400 is painted with intumescent paint, specifically the underside of the lid.
Alternatively the void space between the lid 1400 may be filled with expand fire retardant foam.
This part of the lid faces the contents of the can (1404), so that if any of the battery cells in the can
fail catastrophically, the lid is protected to some degree. For example, this may protect the
electrical connections in the lid (e.g., connecting the tabs to the external terminals) so that the
battery is still able to provide at least some power even if one of the battery cells fails
catastrophically. The intumescent paint and fire retardant foam also serve to prevent plastic parts

from catching fire.

[0075] Figure 15 is a diagram illustrating an embodiment of stacked layers which are

painted with intumescent paint. In the example shown, the pattern of stacked layers is: insulation
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(1500), double-sided fin (1502), and cell (1504). (i.e., the same pattern from Figure 1).
Intumescent paint (1510) is applied to both sides of insulation 1500, but it does not matter (e.g., for
heat dissipation purposes and/or during a catastrophic failure if heat cannot pass through the barrier

provided by intumescent paint (1510) because insulation 1500 does that anyway.

[0076] Intumescent paint (1512) is also applied to the double-sided fin (1502), specifically
on the side that faces the insulation (and not the side that faces or is adjacent to the cell). Applying
mtumescent paint to only one side of the fin is deliberate choice: on the side facing the insulation,
the insulation will block the transfer of heat anyways, so the application of intumescent paint on
that side will not change or affect anything. However, if intumescent paint were applied to the side
of the fin that faced the cell, the heat from the cell would be prevented from being removed by the
fin because of the thermal barrier created by the hypothetical intumescent paint. For this reason,

mtumescent paint is not applied to the side of the fin facing the cell in this example.

[0077] For the same reason, intumescent paint (1514) is only applied to the side of the cell
(1504) facing or otherwise adjacent to the insulation (1500). It is not applied to the side of the cell
facing the fin because it would create a thermal barrier which would prevent the fin from removing

the heat generated by the cell.

[0078] For brevity, intumescent paint application examples with the other stacking patterns
shown in Figure 5 — Figure 7 are not described herein. However, intumescent paint may be applied
in a manner similar to that shown here to other stacking patterns. In some embodiments,
intumescent additives are used in the material (e.g., plastic) for one or more battery components

(e.g., acover, a top, etc.).

[0079] The following figures describe a specific battery embodiment in more detail.

Naturally, the features shown below for this battery are meant to be illustrative, not limiting.

[0080] Figure 16 is a diagram illustrating the assembly and components of an exemplary
battery. In this example, the battery includes 13 units of insulation (1601), 12 thermal conductors
with fins (1602), 12 cells (1603), a tab cover (1604), a printed circuit board (PCB) (1605), a top
plate (1606), a thermistor (1607), bottom insulation (1608), and a can (1609).

[0081] Figure 17 is a diagram illustrating an embodiment of a thermal conductor with
double-sided fins. This example continues the previous example and thermal conductor (1602)
from Figure 16 is implemented as shown. In this example, the thermal conductor has a thickness of

0.005” and is made of 1000 series aluminum. As shown in diagrams 1700 and 1702, the fins of the
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exemplary thermal conductor have rounded corners (edges). In some applications this is desirable
because it permits easier insertion into the can and/or is less likely to damage a cell (e.g., because
there are no sharp corners). As shown in diagram 1704, the fins of the exemplary thermal
conductor have an angle of 110°. In this example, the exemplary thermal conductor shown is not

bonded to the cells or insulation.

[0082] Figure 18 is a diagram illustrating an embodiment of insulation within stacked
layers. A close up, side view of the exemplary stacked layers is shown, including tab 1800,
msulation 1802, thermal conductor 1804 (specifically, the fin portion from this view), and cell 1806
(which is partially obscured by the fin from this view). As shown in this diagram, the insulation
extends above the height of the cells and thermal conductors (fins). In this example, the insulation

is not bonded to the other layers.

[0083] Figure 19 is a diagram illustrating an embodiment of a PCB and top plate. This
example continues the previous example and PCB 1605 and top plate 1606 from Figure 16 are
implemented as shown. This example shows a PCB (1901), overmolded interconnects (1902), side
panel mounting holes (1903), and IDC connection (1904), a thermistor pass through (1905), tab

cover bonds to trough (1906), and a large perimeter to allow for sealing and mounting (1907).

[0084] Figure 20 is a diagram illustrating an embodiment of wire bonding locations. In the

example shown, wire bonds (2001) are shown, along with a connector (2002).

[0085] 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
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CLAIMS

1. A battery, comprising:
a metal can having a bottom, a top opening, and four sides; and
a plurality of cells stacked inside the metal can, wherein at least two opposing sides of the

four sides of the metal can are biased inward against the plurality of cells to provide compression.
2. The battery of claim 1, wherein the plurality of cells includes a pouch cell.

3. The battery of claim 1, wherein the metal can is manufactured using one or more of the

following: impact extrusion or deep drawing.

4. The battery of claim 1, wherein the metal can includes 1000 series aluminum.
5. The battery of claim 1, wherein the metal can includes a flanged top.
6. The battery of claim 1, wherein the plurality of cells are stacked with a plurality of

msulation layers and a plurality of double-sided thermal conductors.

7. The battery of claim 1, wherein:

the plurality of cells are stacked with a plurality of insulation layers and a plurality of
double-sided fins;

the plurality of insulation layers includes acrogel; and

the plurality of cells includes a pouch cell.

8. The battery of claim 1 further comprising:
a lid having an underside; and
a plurality of tabs, wherein:
the plurality of cells are electrically connected via the plurality of tabs; and
the plurality of tabs are prevented from pulling down on the underside of the lid by

the inward biasing of the metal can.

9. The battery of claim 1, wherein the plurality of cells are stacked with a plurality of

msulation layers and a plurality of single-sided fins.

10. The battery of claim 1, wherein:

the plurality of cells are stacked with a plurality of insulation layers and a plurality of
single-sided fins;

the plurality of insulation layers includes acrogel; and

the plurality of cells includes a pouch cell.
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11. The battery of claim 1, wherein:
the plurality of cells are stacked with a plurality of insulation layers and a plurality of
single-sided fins; and

the plurality of cells have side compression on at least one side of the cell.

12. The battery of claim 1, wherein:

the plurality of cells are stacked with a plurality of insulation layers and a plurality of
single-sided fins;

the plurality of cells have side compression on at least one side of the cell;

the plurality of insulation layers includes aerogel; and

the plurality of cells includes a pouch cell.

13. The battery of claim 1, wherein:

one of the sides of the metal can has a first vent hole and a second vent hole, wherein the
first vent hole is on a first side of a vertical axis which runs through said side of the metal man and
the second vent hole is on a second side of the vertical axis; and

if the first vent hole were rotated about the vertical axis to produce a rotated first vent hole,

the rotated first vent hole would not overlap with the second vent hole.

14. The battery of claim 1, wherein:

one of the sides of the metal can has a first vent hole and a second vent hole, wherein the
first vent hole is on a first side of a vertical axis which runs through said side of the metal man and
the second vent hole is on a second side of the vertical axis;

if the first vent hole were rotated about the vertical axis to produce a rotated first vent hole,
the rotated first vent hole would not overlap with the second vent hole; and

the first vent hole and the second vent hole are covered by tape.

15. The battery of claim 1, wherein:

a first side of a first metal can has a first vent hole;

a second side of a second metal can has a second vent hole, wherein the bottom of the first
vent hole is higher than the top of the second vent hole; and

if the first metal can and the second metal can were placed next to each other with the first

side facing the second side, the first vent hole and the second vent would not overlap.

16. The battery of claim 1, wherein:
a first side of a first metal can has a first vent hole;
a second side of a second metal can has a second vent hole, wherein the bottom of the first

vent hole is higher than the top of the second vent hole;
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if the first metal can and the second metal can were placed next to each other with the first
side facing the second side, the first vent hole and the second vent would not overlap; and

the first vent hole and the second vent hole are covered by tape.

17. The battery of claim 1, wherein intumescent paint is applied to one or more of the
following: an underside of a lid, insulation, a side of a fin not adjacent to one of the plurality of

cells, or a side of one of the plurality of cells adjacent to insulation.

18. The battery of claim 1, wherein fire retardant expanding foam is applied to one or more of
the following: an underside of a lid, insulation, a side of a fin not adjacent to one of the plurality of

cells, or a side of one of the plurality of cells adjacent to insulation.
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