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measuring a current of the first cell; and determining based on the measured current of the first cell whether the first cell contains a
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(57) Abstract: A method for short detection in a battery pack, the battery pack including a plurality of cells, the method mncluding:
connecting a short detection module to the battery pack; determining by the short detection module that the battery pack is at rest;
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first cell; measuring a current of the first cell; and determining based on the measured current of the first cell whether the first cell
contains a short.
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SYSTEM AND METHODS FOR DETECTION OF INTERNAL SHORTS IN BATTERIES

BACKGROUND
(1) Technical Field

[0001] This disclosure relates generally to the field of monitoring of battery
characteristics, and more particularly to battery monitoring for the purpose of detecting
internal short circuits in one or more cells of a battery:.
(2) Description of the Related Art

[0002] Batteries, or battery packs, are made of one or more cells, which may be, for
example, lithium-1on cells, lithium-air cells, or lithium-metal based cells, and are used to
power many different types of devices. Catastrophic failures of batteries have resulted 1n
large-scale recalls costing hundreds of millions of dollars and 1 significant damage to
company reputation and brand image. As the energy content of batteries continues to rise,
the potential for serious failures becomes a major concern. Catastrophic battery failure may
include a thermal runaway event in which an internal short circuit mside a cell initiates a self-
accelerating decomposition reaction inside the cell. Thermal runaway events may mclude
smoke, flames, or even an explosion 1f intervention 1s not performed in a timely manner.

[0003] Several different approaches are available to detect short circuits in cells by
monitoring cell or cell block voltages. In these approaches, cell or cell block voltage changes
arc monitored when no charging or discharging 1s taking place in the cell i order to detect a
drop 1n voltage across the cell that may be associated with an internal short circuit.
Monitoring of cell voltage over time while a cell 1s at rest (1.¢., when there 1s no charge or
discharge current flowing 1n the cell) 1s used in the lithrum-based cell industry by cell
manufacturers as a quality control test. Following assembly of the cell and mitial charging,
cells are left at rest for a period of time and cell voltage 1s monitored. A decline 1n cell
voltage beyond a certain value can indicate the presence of an mternal short 1 the cell, thus
allowing the cell to be rejected as faulty. Such voltage tests do not identify cells that will
develop internal short circuits later i their life cycle, which may lead to catastrophic failures
of cells that develop internal short circuits during operation. Further, monitoring of cell
voltage when a cell 1s at rest has a relatively low sensitivity with respect to detection of
internal shorts because an internal short may require an extended period of time to have a
sufficiently large impact on cell voltage to allow unambiguous confirmation of whether an

internal short i1s present m the cell. If a short 1s allowed to develop too far, a pomnt-of-no-
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return may be reached where 1t 1S no longer possible to avoid thermal runaway and

catastrophic cell failure.

SUMMARY

[0004] A relatively low cost system to detect mternal short circuits in batteries 1S
provided, that 1s applicable to cells configured 1n any manner within a battery, including cells
configured as a series string of individual cells. In one embodiment, mternal shorts are
diagnosed by equilibrating a voltage source with a cell during periods where the battery 1s at
rest, and monitoring current flow over a diagnostic period. A stable, zero-current condition
indicates a normal, short-free cell. Non-zero, increasing current diagnoses the presence of an
internal short. In another embodiment, a voltage source 1s equilibrated with a cell,
disconnected for a time, and then reconnected, with a current surge mto the cell indicating the
presence of an internal short, and near-zero current indicating a normal cell.

[0005] Disclosed 1s a method for short detection 1n a battery pack, the battery pack
including a plurality of cells, the method including: connecting a short detection module to
the battery pack; determining by the short detection module that the battery pack i1s at rest;
and sclecting a first cell i the battery pack for testing for a short, wherem the testing
includes: connecting a voltage source to the first cell, measuring a current of the first cell; and
determining based on the measured current of the first cell whether the first cell contains a
short.

[0006] Also disclosed 1s a system for short detection 1in a battery pack including a
plurality of cells, including: a cell addressing matrix and control configured to be connected
to the battery pack such that each of the plurality of cells is addressed separately for testing; a
voltage source and a current measurement module configured to be connected to the plurality
of cells via the cell addressing matrix and control; a control logic configured to determine
whether a cell of the plurality of cells contains a short based on mput from the current

measurement module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Referring now to the figures, which are exemplary embodiments, and wherein
the like elements are numbered alike:

[0008] FIG. 1A 1illustrates an embodiment of a system for short detection;

[0009] FIG. 1B 1illustrates an embodiment of cell connections and a battery pack;
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[0010] FIG. 2 1illustrates an embodiment of measured current for a plurality of cells in
a battery pack; and
[0011] FIGs. 3 and 4 1illustrate embodiments of methods for short detection.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Embodiments of systems and methods for detection of internal short circuits 1n
batteries are provided, with exemplary embodiments being discussed below 1n detail. The
mmvention utilizes the characteristic of lithtum-ion cells, lithium-ar cells, or lithium-metal
based cells that 1n a normal, short-free cell, once current flow has ceased and the cell 1s at
rest, cell voltage begins to relax to its equilibrium value, and once 1t has recached that
cquilibrium value, cell voltage 1s very stable. Because the aforementioned behavior applies
to a single cell, a group of cells connected 1n parallel, a group of cells connected 1n series, or
a group of cells with both series and parallel connections, the mmvention can be applied to any
of the cell arrangements utilized 1n batteries. As shown m system 100 of FIG. 1A, hardware
clements of a short detection module 102 include (1) a cell addressing matrix and control 103
to connect and disconnect individual cells or groups of cells of a battery pack 101 to and from
a voltage measurement module 104 and to and from a voltage source/current measurement
module 1035, thereby allowmng multiplexing of voltage measurement, voltage source, and
current measurement resources across a plurality of cells, (2) a voltage measurement module
104, and (3) voltage source/current measurement module 105 that includes a controllable
voltage source that can be set to a desired value and a means to measure current flow from
that voltage source. Methods to test for, diagnose, and quantify internal short circuits in cells
arc also provided

[0013] FIG. 1A shows an embodiment of a system 100 for short detection. Battery
pack 101 may comprise any appropriatec number and configuration of lithium-ion cells,
lithtum-air cells, or hithium-metal based cells. In various embodiments, the cells in battery
pack 101 may be 1n parallel, series, or a combination of parallel and series. The cells 1n
battery pack 101 are connected to cell addressing matrix and control 103 1n short detection
module 102 wvia cell connections 107. Cell connections 107 may have any appropriate
configuration and number based on the number and configuration of the cells m battery pack
101. The configuration of cell connections 107 may also depend on the type of testing
performed by short detection module 102. In some embodiments, single cells 1n battery pack
101 may be tested by short detection module 102; 1n other embodiments, blocks of cells 1n

battery pack 101 may be tested by short detection module 102. An example of cell
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connections 107 and a battery pack 101 comprising 5 series-connected cells 108A-E 1s shown
in FIG. 1B that 1s configured for testing cach of the 5-series-connected cells individually;
however, this 1s shown for illustrative purposes only. Cell addressing matrix and control 103
connects and disconnects a voltage measurement module 104 and a voltage source/current
measurement module 105 to the cell or block of cells that are being tested 1in battery pack
101. Cell addressing matrix and control 103 1s used to sclect the cell or group of cells to be
tested for internal shorts. In this way, voltage measurement and voltage source resources 1n
the short detection module 102 can be multiplexed across a large number of cells in a battery
pack 101.

[0014] The voltage source 1n voltage source/current measurement module 105 may be
of any appropriate type that gencrates a voltage that 1s regulated to a target voltage at the
output, including linecar and switch-mode voltage regulation. Such voltage sources that may
be used 1n 1n voltage source/current measurement module 105 include linear regulators in
which a series pass clement 1s controlled in a feedback loop to maintain a target output
voltage, linear regulators in which a shunt e¢lement 18 controlled in a feedback loop to
maintain a target output voltage, or a switch-mode regulator (DC-DC convertor, mncluding a
boost (step-up) convertor, buck (step-down) convertor, or imnverting (output polarity opposite
input polarity) convertor. The voltage source in voltage source/current measurement module
105 has an output voltage that may be controlled such that the output voltage can be set, and
varied, as required. This control can be accomplished by means including, but not limited to,
analog and/or digital control mputs. Other means of control may also be employed that
deliver functional equivalence. For example, the voltage output of some voltage regulators
(both linear and switch-mode) can be controlled via a programming resistor, which serves as
part of a circuit that ultimately delivers a voltage or current to the regulator that sets output
voltage of the regulator (1.€., the programming resistor provides an analog control signal).

[0015] The current measurement device 1n voltage source/current measurement
module 105 may comprise any appropriate current measurement device, including but not
limited to: a sense resistor placed m the current path where the voltage across the sense
resistor 18 used to determine the magnitude of current flowing i the current path; a sense
resistor with amplification, where the voltage drop across the sense resistor 1s amplified to
allow for a small voltage loss dropped across the sense resistor but a larger amplitude signal
proportional to current; or a current transducer of the Hall Effect, flux gate, or other family of
current transducer providing a voltage output related to measurement of a target current. The

current measuring device in voltage source/current measurement module 105 may be any
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appropriate current measuring devices, including but not limited to Hall Effect transducers,
current sense resistors, induction sensors, current shunts, or current sense resistors with
amplification. A current sense resistor with amplification includes a current sense resistor
and amplification hardware so that the voltage drop across the current sense resistor may be
kept relatively small (1.e., so that the msertion loss resulting from the sense resistor is
relatively small), while the amplification hardware outputs a relatively large magnitude
output voltage signal that 1s related to the current flowing through the current sense resistor
for analysis.

[0016] FIG. 2 shows an example graph 200 of measured current for a plurality of
cells m a battery pack. A voltage source was applied to each cell of a five-cell battery pack
and adjusted for approximately zero current at the beginning of the test of each cell. Current
was monitored for a period of 30 minutes. A 100 ohm load, placed across cell 4 of the
battery, was used to simulate a 100 ohm internal short in cell 4. As seen 1 the graph 200, the
current flowing into cell 4 increases over time in the cell with the 100 ohm simulated short,
whereas current for the other cells 1s relatively constant at a low value, or decays to a low
value over the course of the 30 minute test.

[0017] An embodiment of a method 300 for short detection 1s shown m FIG. 3. FIG.
3 1s discussed with respect to FIG. 1A. First, in block 301, the short detection module 102 1s
connected to the battery pack 101 via cell connections 107, and once 1t 1s observed that the
battery pack 101 1s at rest (1.e. no external current 1s flowing into or out of the battery), the
battery pack 101 1s allowed to continue to rest for a period of time sufficient, based on
knowledge of the specific battery chemistry and cell characteristics, to consider the battery
substantially equilibrated to the zero-current condition. Next, in block 302, a cell (or block of
cells, 1f the battery pack 101 pack 1s so-configured) in the battery pack 101 1s selected by cell
addressing matrix and control 103 for evaluation for internal shorts. Then, in block 303, a
measurement of cell voltage of the selected cell in battery pack 101 1s made by voltage
measurement module 104 via cell addressing matric and control 103, and the measured
voltage for the selected cell 1s stored in control logic and memory 106. In some
embodiments, block 303 may be optional; this 1s discussed 1 further detail below. Next, in
block 304, voltage source/current measurement module 105 1s set to output an output voltage,
and the output voltage 1s applied to the selected cell. In some embodiments, the voltage
source/current measurement module 105 1s set to output the voltage value that was stored in
control logic and memory 106 for the selected cell m battery back 101 m block 303, and the

output voltage from the voltage source/current measurement module 105 1s applied to the
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selected cell in battery pack 101. In some embodiments, during block 304, at the time of
init1al connection of the voltage source/current measurement module 105 to the selected cell,
current flow from the selected cell may be trimmed to zero (or near-zero) by adjustment of
the voltage value that 1s output by the voltage source/current measurement module 105.
Then, m block 305, with the voltage source/current measurement module 105 connected to
the selected cell, the current flow from the selected cell i1s monitored by voltage
source/current measurement module 105 for a period of time to determine whether current 1s
essentially stable at a near-zero value (indicative of a normal, short-free cell), or if the current
flow from the selected cell increases over time, indicating that charging 1s required to offset
internal losses due to an internal short circuit, and that the cell therefore contains an internal
short circuit. Control logic and memory 106 may indicate whether the selected cell 1s normal
or contamns a short based on the current measurement of the selected cell by voltage
source/current measurement module 105. Flow then proceeds to block 306, in which a next
cell (or block of cells) 1n battery pack 101 1s selected for testing by cell addressing matrix and
control 103. Blocks 303, 304, and 305 are repeated for the next cell, and another cell may be
selected for testing 1 block 306 until all cells (or blocks of cells) in the battery pack 101 have
been tested for shorts.

[0018] In another embodiment of method 300, the measurement of cell voltage
described with respect to block 303 1s not performed. In such an embodiments, n block 304,
the voltage source 1n voltage source/current measurement module 105 1s connected to the cell
and the output voltage of the voltage source 1n voltage source/current measurement module
105 varied to minimize the current flow from the cell that 1s measured by the current
measurement module 1n voltage source/current measurement module 105. Once a minimized
current flow from the selected cell 1s achieved, the output current of the selected cell may be
observed as 18 described with respect to block 305. In such an embodiment, during the period
in which the voltage source of voltage source/current measurement module 105 1s applied to
the selected cell and 1s being adjusted, that current flow from the voltage source be limited to
a relatively low value so as not to perturb the selected cell needlessly from 1ts rest state. In
such an embodiment, memory voltage measurement module 104 may be omitted from short
detection module 102 that 1s shown in FIG. 1.

[0019] Method 300 of FIG. 3 may be utilized for testing of single cells (or single
blocks of parallel cells) or to test any number of series-connected cells (or blocks of cells) as
a unit. For example, four cells connected 1n series within a battery could be tested as a single

unit in the same manner 1n which a single cell 1s tested.
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[0020] To reduce the total time required to test all cells in a battery using method 300,
simultancous testing of cells (or groups of cells) in battery pack 101 may be performed.
However, various considerations may apply, given that cells in a battery are not clectrically
1solated from one another. Approaches to manage this lack of 1solation may include: the use
of galvanically 1solated voltage sources, allowing testing of up to every cell in the pack
simultancously, 1f desired; and the testing of a set of series cells simultancously with non-
1solated voltage sources (the voltage source thus needing to provide the appropriate voltages
referenced to series-connected cells, ¢.g. testing three cells in series with each at 4V would
require a voltage source providing a 0, 4, 8, and 12V precision output).

[0021] The complexity of the hardware in short detection module 102 1s increased as
the number of cells 1n a battery pack 101 that are tested simultancously 1s increased; however,
this 1s a trade-oft with regard the time required to test all cells mn battery pack 101. For
example, a reasonable diagnostic period to allow the battery pack 101 to rest in block 301
might be on the order of 30 minutes per cell. For low voltage packs, this 1s not necessarily an
1ssue, but 1n, for example, a battery clectric vehicle (BEV) pack of 80 cells, 40 hours would
be required to scan through all cells. Thus, configuring short detection module 102 to scan
more than one cell sitmultancously may be desired for some applications.

[0022] Another embodiment of a method 400 for short detection 1s shown 1n FIG. 4.
FIG. 4 1s discussed with respect to FIG. 1A. First, in block 401, the short detection module
102 18 connected to the battery pack 101 via cell connections 107, and once 1t 1s observed that
the battery pack 101 1s at rest (1.€. no external current 1s flowing into or out of the battery),
the battery pack 101 1s allowed to continue to rest for a period of time sufficient, based on
knowledge of the specific battery chemistry and cell characteristics, to consider the battery
substantially equilibrated to the zero-current condition. Next, in block 402, a cell (or block of
cells, 1f the battery pack 101 pack 1s so-configured) m the battery pack 101 1s selected by cell
addressing matrix and control 103 for evaluation for internal shorts. Then, in block 403, a
measurement of cell voltage of the selected cell in battery pack 101 1s made by voltage
measurement module 104 via cell addressing matric and control 103, and the measured
voltage for the selected cell 1s stored in control logic and memory 106. In some
embodiments, block 403 may be optional; this 1s discussed 1 further detail below. Next, in
block 404, voltage source/current measurement module 105 1s set to output an output voltage,
and the output voltage 1s applied to the selected cell. In some embodiments, the voltage
source/current measurement module 105 1s set to output the voltage value that was stored 1n

control logic and memory 106 for the selected cell m battery back 101 m block 403, and the
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output voltage from the voltage source/current measurement module 105 1s applied to the
selected cell 1n battery pack 101. In other embodiments, the voltage output may be varied to
minimize the current flow from the selected cell. In some embodiments, during block 304, at
the time of 1nitial connection of the voltage source/current measurement module 105 to the
selected cell, current flow from the selected cell may be trimmed to zero (or near-zero) by
adjustment of the voltage value that 1s output by the voltage source/current measurement
module 105. Then, n block 405, the voltage source/current measurement module 105 1s
disconnected from the selected cell for a period of time, then the selected cell and voltage
source/current measurement module 105 are reconnected, and the current flow from the
selected cell 1S measured by voltage source/current measurement module 105 after
reconnection. If the measured current from the selected cell after reconnection between the
selected cell and voltage source/current measurement module 105 1s stable and near-zero, a
short-free condition 1s indicated for the selected cell. A transient spike in the measured
current from the selected cell upon reconnection between the selected cell and voltage
source/current measurement module 105 indicates the presence of an mternal short circuit.
Flow then proceeds to block 406, in which a next cell (or block of cells) i battery pack 101
is selected for testing by cell addressing matrix and control 103. Blocks 403, 404, and 405
are repeated for the next cell, and another cell may be selected for testing in block 406 until
all cells (or blocks of cells) 1n the battery pack 101 have been tested for shorts.

[0023] In the embodiment described by method 400 of FIG. 4, sufficient precision
control of the voltage source m voltage source/current measurement module 105 allows
relatively rapid polling of ecach cell mn battery pack 101 to determme 1ts voltage. The short
detection module 102 may then wait for the diagnostic period and relatively rapidly poll the
cells m battery pack 101 agam, sctting the voltage source in voltage source/current
measurement module 105 to the stored voltage value for each cell. This may require relative
precision m the programmability of the voltage source 1in voltage source/current measurement
module 105. Voltage source/current measurement module 105 may comprise an integrated
circult 1 some embodiments.

[0024] Over the course of testing cells for the presence of internal shorts as 1s
described m FIGs. 3 and 4, the battery must remain at rest (1.€., no external current must flow
cither mto, or out of, the battery). Given that current flow to and from a lithium-1on battery
may be monitored for a variety of purposes by the battery management system (¢.g., to carry
out coulometry to determine state-of-charge and for safety to prevent over-current

conditions), it 18 a sStmple matter to confirm that no external current was present during testing
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for mternal shorts using methods of the invention. It should be noted that if, during the
process of testing cells of a battery for internal shorts using methods of the invention, current
flow to or from the battery is detected, the diagnostic tests for internal shorts of the invention
can be suspended and resumed at the next opportunity when the battery 1s observed to be at
rest. Any tests invalidated by presence of current flow into or out of the battery may be
repeated at the next opportunity.

[0025] Some embodiments of a short detection module 102 as 1s shown m FIG. 1A
may comprise a stand-alone system that is part of overall monitoring and management for a
battery system, where the stand-alone system provides all required elements of the invention,
including separate, dedicated wiring to the cells of the battery. In other embodiments, a short
detection module 102 as 1s shown m FIG. 1A may be integrated with a battery management
architecture where the battery management system and the system of the invention share cell
voltage measurement capability and cell voltage sense wiring (which are required for
standard lithium-1on battery management anyway) as common resources. Memory, control
logic, and communications (€.g. to a host or other system) functions afforded by the standard
battery management system may also be utilized by the invention as shared resources. In
further embodiments, a short detection module 102 as 1s shown in FIG. 1A may comprise a
stand-alone diagnostic mstrument (¢.g. handheld, bench-top) that can be used to test cells 1 a
battery pack for internal shorts.

[0026] The disclosed embodiments may be embodied in many different forms, and
this disclosure should not be construed as limited to the embodiments set forth herein.

Rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art. Like
reference numerals refer to like elements throughout.

[0027] It will be understood that, although the terms “first,” “second,” “third” etc.
may be used herein to describe various elements, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sections should not be limited by these
terms. These terms are only used to distinguish one element, component, region, layer or
section from another element, component, region, layer or section. Thus, “a first element,”

2% 66

“component,” “region,” “layer” or “section’ discussed below could be termed a second
clement, component, region, layer or section without departing from the teachings herein.
[0028] The terminology used herein 1s for the purpose of describing particular

embodiments only and 1s not intended to be limiting. As used herein, the singular forms “a,

“an,” and “the” are intended to mnclude the plural forms, including “at least one,” unless the
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content clearly indicates otherwise. “Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the associated listed items. It will be
further understood that the terms “comprises” and/or “comprising,” or “includes” and/or
“including” when used 1n this specification, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, regions, integers, steps, operations, elements,
components, and/or groups thereof.

[0029] Unless otherwise defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill 1 the
art to which this disclosure belongs. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted as having a meaning that 1s
consistent with therr meaning in the context of the relevant art and the present disclosure, and
will not be interpreted i an 1idealized or overly formal sense unless expressly so defined
herein.

[0030] While the invention has been described with reference to an exemplary
embodiment, 1t will be understood by those skilled m the art that various changes may be
made and equivalents may be substituted for elements thercof without departing from the
scope of the mmvention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the mvention without departing from the essential
scope therecof. Therefore, 1t is intended that the mmvention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but that

the mvention will include all embodiments falling within the scope of the appended claims.
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WHAT IS CLAIMED IS:
1. A method for short detection 1n a battery pack, the battery pack comprising a
plurality of cells, the method comprising:
connecting a short detection module to the battery pack;
determining by the short detection module that the battery pack 1s at rest; and
selecting a first cell in the battery pack for testing for a short, wherein the testing
COMprises:
connecting a voltage source to the first cell;
measuring a current of the first cell; and
determining based on the measured current of the first cell whether the first
cell contains a short.
2. The method of claim 1, further comprising, before connecting the voltage course
to the first cell:
measuring a voltage of the first cell, and storing the measured voltage; and
setting a voltage source to output the stored measured voltage.
3. The method of any of claims 1 to 2, further comprising varying an output voltage
of the voltage source to achieve a mmimum current from the first cell after connecting the
voltage source to the first cell; and
determining based on the measured current of the first cell whether the first cell
contains a short after achieving the mmimum current from the first cell.
4. The method of any of claims 1 to 3, wherein the plurality of cells in the battery
pack are connected 1n parallel.
5. The method of any of claims 1 to 3, wherein the plurality of cells in the battery
pack are connected 1n series.
0. The method of any of claims 1 to 5, wherein the plurality of cells m the battery
pack are connected 1n a combination of parallel and series.
7. The method of any of claims 1 to 6, wherein the first cell comprises a block of
cells 1 the battery pack.
8. The method of any of claims 1 to 7, wherem the plurality of cells comprises one
of lithium-1on cells, lithtum-air cells, and lithium-metal based cells.
9. The method of any of claims 1 to &, wherein the first cell 1s determined to contain
a short based on a measured current that increases over time, and wherein the first cell 1s

determined to not contain a short based on a measured current that 1s stable over time.
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10. The method of any of claims 1 to 9, further comprising selecting a second cell of
the plurality of cells for testing.
11. The method of any of claims 1 to 10, wherein the battery pack 1s connected to the
short detection module such that cach of the plurality of cells 1s addressed separately for
testing.
12. The method of any of claims 1 to 11, further comprising:
after connecting the voltage source to the first cell, disconnecting the voltage
source from the first cell;
reconnecting the voltage source to the first cell; and
measuring the current of the first cell after reconnecting the voltage source to the
first cell.
13. The method of claim 12, wherein the first cell 1s determined to contain a short
based on a transient spike 1n the measured current after reconnecting the voltage source to the
first cell.
14. A system for short detection 1n a battery pack comprising a plurality of cells,
comprising:
a cell addressing matrix and control configured to be connected to the battery pack
such that each of the plurality of cells 1s addressed separately for testing;
a voltage source and a current measurement module configured to be connected to
the plurality of cells via the cell addressing matrix and control;
a control logic configured to determine whether a cell of the plurality of cells
contains a short based on input from the current measurement module.
15. The system of claim 14, wherein the system further comprises:
a memory configured to store a measured voltage for cach of the cells of the
plurality of cells; and
a voltage measurement module configured to be connected to the plurality of cells
via the cell addressing matrix and control, and 1s configured to perform a method comprising:
selecting a first cell in the battery pack for testing for a short by the cell addressing
matrix and control, wherein the testing comprises:
connecting the voltage measurement module to the first cell by the cell
addressing matrix and control
measuring a voltage of the first cell by the voltage measurement module;
storing the measured voltage in the memory;

setting the voltage source to output the stored measured voltage;
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connecting the voltage source and the current measurement module to the first
cell by the cell addressing matrix and control;
measuring a current of the first cell by the current measurement module; and
determining based on the measured current of the first cell whether the first
cell contains a short by the control logic.
16. The system of any of claims 14 to 15, wherein the system 1s configured to perform
a method comprising:
selecting a first cell in the battery pack for testing for a short by the cell addressing
matrix and control, wherein the testing comprises:
connecting the voltage source and the current measurement module to the first
cell by the cell addressing matrix and control;
varying an output voltage of the voltage source to achieve a mmimum current
from the first cell after connecting the voltage source to the first cell; and
measuring a current of the first cell by the current measurement module; and
determining based on the measured current of the first cell whether the first
cell contains a short by the control logic after achieving the mmimum current from the
first cell.
17. The system of any of claims claim 14 to 16, wheremn the first cell 18 determined to
contain a short based on a measured current that increases over time.
18. The system of any of claims 14 to 16, wherein the first cell 1s determined to not
contain a short based on a measured current that 1s stable over time.
19. The system of any of claims 14 to 18, wherein the method further comprises:
after connecting the voltage source to the first cell, disconnecting the voltage
source from the first cell by the cell addressing matrix and control;
reconnecting the voltage source to the first cell by the cell addressing matrix and
control; and
measuring the current of the first cell by the current measurement module after
reconnecting the voltage source to the first cell.
20). The system of any of claims 14 to 19, wherein the first cell 18 determined to
contain a short based on a transient spike in the measured current after reconnecting the

voltage source to the first cell.
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