wo 2009/154746 A2 I 0K 0O R OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2009/154746 A2

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
Al
(43) International Publication Date \'{_5___,/
23 December 2009 (23.12.2009) PCT
(51) International Patent Classification:
GOIR 31/36 (2006.01) GOIR 19/02 (2006.01)
(21) International Application Number:
PCT/US2009/003614
(22) International Filing Date:
17 June 2009 (17.06.2009)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
12/142,514 19 June 2008 (19.06.2008) US
(71) Applicant (for all designated States except US): TESLA
MOTORS, INC. [US/US]; 1050 Bing Street, San Carlos,
CA 94070 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): BERDICHEVSKY,

Eugene, Michael [US/US]; 16 Norwich Street, San Fran-
cisco, CA 94110 (US). COLE, Philip, David [AU/US];
545 Shell Parkway, No. 3201, Redwood City, CA 94065
(US). DUNLAY, James, Jay [US/US]; 15360 Francis
Oaks Way, Los Gatos, CA 95032 (US).

(74) Agent: PERDOK SHONKA, Monique, M.; Schweg-
man, Lundberg & Woessner, P.A., P.O. Box 2938, Min-
neapolis, MN 55402 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: DIAGNOSING BATTERY VOLTAGE MIS-REPORTING

(57) Abstract: Systems and methods for diagnosing bat-
tery voltage misreporting is described. According to vari-
ous embodiments, battery voltage may be monitored with
respect to a state of charge and/or time. Based on this
monitored information, battery charge state data may be
generated by computing time derivatives of the monitored
battery voltage across a voltage range. This battery charge
state data may be compared with an expected set of charge
state data it substantial differences exist, an error may be
generated. Other embodiments are described and claimed.

400 \
402 \\
4 N
Monitor Battery Voltage
. J
404
v |
4 )
Generate Charge State Data
. J
l 406
s \'w
Compare Charge State Data
(- J
No Substantial e
Differences? ¢
410 \\ 412 \\
[ No Misreporting J [ Error

FIG. 4



WO 2009/154746 A2 00000 0T T 0 OO A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2009/154746 PCT/US2009/003614

DIAGNOSING BATTERY VOLTAGE MIS-REPORTING

CLAIM OF PRIORITY
[0001] This patent application claims the benefit priority to U.S. Patent
Application Serial Number 12/142,514, filed on June 19, 2008, which

application is herein incorporated by reference in its entirety.

BACKGROUND
[0002] An extremely large percentage of the world's vehicles run on
gasoline using an internal combustion engine. The use of such vehicles, more
specifically the use of vehicles which rely on fossil fuels (i.e., gasoline) creates
two problems. First, due to the finite size and limited regional availability of
such fuels, major price fluctuations and a generally upward pricing trend in the
cost of gasoline are common, both of which can have a dramatic impact at the
consumer level. Second, fossil fuel combustion is one of the primary sources of
carbon dioxide, a greenhouse gas, and thus considered one of the leading
contributors to global warming. Accordingly, considerable effort has been spent
on finding alternative drive systems for use in both personal and commercial
vehicles. Electric vehicles offer one of the most promising alternatives to
vehicles that use internal combustion drive trains.
[0003] One of the main components relating to electric drive and energy
storage is the battery. It is important to have accurate reporting of battery
voltages and charge states. Misreporting can cause a loss in efficiency and
overcharging. In some cases overcharging can even cause fire or explosion.
Some systems may use redundant battery monitoring circuits to combat

misreporting issues. If one circuit fails, there is a backup.

OVERVIEW
[0004] Systems and methods for diagnosing battery voltage misreporting
is described. According to various embodiments, battery voltage may be
monitored with respect to a state of charge and/or time. Based on this monitored

information, battery charge state data may be generated by computing time
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derivatives of the monitored battery voltage across a voltage range. This battery
charge state data may be compared with an expected set of charge state data if
substantial differences exist, an error may be generated. Other embodiments are
described and claimed.

[0005] In Example 1, a method for diagnosing a battery voltage
misreporting includes monitoring a voltage of a battery, calculating battery
charge state data by computing time derivatives of the monitored battery voltage
across a range of battery voltages, comparing the calculated battery charge state
data to expected charge state data, and generating an error message if the
battery charge state data differs from the expected charge state data by a
predetermined amount.

[0006] In Example 2, the monitoring of Example 1 is optionally
performed during charging of the battery.

[0007] In Example 3, the expected charge state data of any one or more
of Examples 1-2 is optionally a reference state of charge set data based on an
idealized battery.

[0008] In Example 4, the expected charge state data of any one or more
of Examples 1-3 is optionally determined by monitoring additional batteries and
generating additional battery charge state data by computing time derivatives of
the monitored battery voltage across a range of battery voltages.

[0009] In Example 5, the method of any one or more of Examples 1-4
optionally includes generating a first curve representing the battery charge state
data, and generating a second curve representing the expected charge state data.
[0010] In Example 6, the method of Example 5 optionally includes
integrating the first curve over a voltage range to determine a first scalar value,
and comparing the first scalar value with a second scalar value derived from
integrating the second curve over the voltage range.

[0011] In Example 7, the method of any one or more of Examples 5-6
optionally includes determining a first centroid position for an area beneath the
first curve within a voltage range, and comparing the first centroid position with
a second centroid position determined from the area beneath the second curve
within the voltage range.

[0012] In Example 8, the method of any one or more of Examples 5-7

optionally includes determining a voltage misreporting based on a shift of the
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first curve with respect to the second curve along a first axis which represents
voltage.

[0013] In Example 9, the method of any one or more of Examples 5-8
optionally includes determining a battery capacity variance based on shift of the
first curve with respect to the second curve along a second axis which represents
a measure of a change in voltage over a change in time.

[0014] In Example 10, a system for diagnosing battery voltage
misreporting includes a battery measurement circuit to measure the voltage of a
battery to create battery voltage data, a calculation module to receive the battery
voltage data and to calculate time derivatives from the battery voltage data
across a range of battery voltages, and a diagnostic module to compare the
calculated time derivatives to an expected set of time derivatives, the diagnostic
module to generate an error message if the calculated time derivatives are
substantially different than the expected set of time derivatives.

[0015] In Example 11, the system of Example 10 optionally includes one
or more additional battery measurement circuits to measure voltages across one
or more additional batteries to create additional voltage data, and at least one
additional calculation module to receive the additional battery voltage data and
to calculate time derivatives of the measured voltages across a voltage range to
generate the expected set of time derivatives.

[0016] In Example 12, the battery of any one or more of Examples 10-11
optionally includes a lithium-ion battery.

[0017] In Example 13, the system of any one or more of Examples 10-12
optionally includes a charge limiting module to receive the error message and to
limit charging of the battery.

[0018] In Example 14, the charge limiting module of any one or more of
Examples 10-13 optionally substantially disallows charging of the battery.
[0019] In Example 15, the system of any one or more of Examples 10-14
optionally includes a compensation module to receive the error message and to
adjust the voltages indicated by the battery measurement circuit.

[0020] In Example 16, a method for diagnosing a battery voltage
misreporting includes receiving battery data from a monitoring device,
comparing the battery data to expected data, determining a misreporting error by

the monitoring device if the battery data differs from the expected data by a
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predetermined amount, and generating an error signal indicating the
misreporting error by the monitoring device.

[0021] In Example 17, the expected data of Example 16 optionally is
based on an idealized reference battery.

[0022] In Example 18, the battery data of any one or more of Examples
16-17 optionally includes one or more of the following: battery voltage data,
battery state of charge data, time derivative of battery voltage data, a scalar
representing an integration of the time derivative of the battery voltage data, and
coordinates representing a centroid of the area represented by integration of the
time derivative data.

[0023] In Example 19, the method of any one or more of Examples 16-
18 optionally includes calculating from the battery data, one or more of the
following: time derivative of battery voltage data, a scalar representing an
integration of the time derivative of the battery voltage data, and coordinates
representing a centroid of the area represented by the integration of the time
derivative data.

[0024] In Example 20, the method of any one or more of Examples 16-
19 optionally includes determining an amount of misreporting by the monitoring
device; and compensating for the amount of misreporting by the monitoring
device to make reporting by the monitoring device substantially more accurate.
[0025] In Example 21, an article of manufacture comprising a machine-
readable medium storing instructions which when executed by a machine, cause
the machine to: record battery voltage data including a voltage measurement and
a timestamp; calculate battery charge state data by computing time derivatives of
the battery voltage data across a range of battery voltages; compare the battery
charge state data to expected charge state data; and generate an error message if
the battery charge state data differs from the expected charge state data by a
predetermined amount.

[0026] In Example 22, the expected charge state data of Example 21 is
optionally representative of charge state data relating to additional batteries.
[0027] In Example 23, the article of any one or more of Examples 21-22
optionally includes storing instructions which when executed by a machine,

cause a charging process for the battery to be limited.
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[0028] In Example 24, the article of any one or more of Examples 21-23
optionally includes storing instructions which when executed by a machine,
cause the machine to determine a compensation amount for the battery voltage to
make the battery charge state data substantially similar to the expected set of
data; and to compensate the battery voltage by the compensation amount.

[0029] This overview is intended to provide an overview of subject
matter of the present patent application. It is not intended to provide an
exclusive or exhaustive explanation of the invention. The detailed description is

included to provide further information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] Embodiments of inventive subject matter may be best understood
by referring to the following description and accompanying dréwings, which
illustrate such embodiments. In the drawings:
[0031] FIG. 1 shows a vehicle system according to one embodiment of
the present subject matter.
[0032] FIG. 2 is a block diagram of a system for diagnosing battery
voltage misreporting according to various embodiments;
[0033] FIG. 3 is a block diagram of another system for diagnosing
battery voltage misreporting according to various embodiments;
[0034] FIG. 4 is a flow diagram illustrating a method for diagnosing
battery voltage misreporting according to various embodiments;
[0035] FIGS. 5A and 5B are charts illustrating various battery
characteristics relating to diagnosing battery voltage misreporting according to
various embodiments;
[0036] FIG. 6 illlustrates a computer system that executes programming

for diagnosing battery voltage misreporting according to various embodiments.

DETAILED DESCRIPTION
[0037] In the following description, reference is made to the
accompanying drawings that form a part hereof, and in which is shown by way
of illustration specific embodiments which may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to

practice the invention, and it is to be understood that other embodiments may be
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utilized and that structural, logical and electrical changes may be made without
departing from the scope of the present invention. The following description of
example embodiments is, therefore, not to be taken in a limited sense, and the
scope of the present invention is defined by the appended claims.
[0038] FIG. 1 shows an electric vehicle system 100 according to one
embodiment of the present subject matter. In various embodiments, the vehicle
102 is an electric vehicle and includes a vehicle propulsion battery 104, one or
more battery monitoring circuits 120 and at least one propulsion motor 106 for
converting battery energy into mechanical motion, such as rotary motion.
According to some embodiments, the monitoring circuits 120 may be built into
the battery 104.
[0039] The vehicle propulsion battery 104 includes a lithium ion battery
in various examples. In some examples, the vehicle propulsion battery 104
includes a plurality of lithium ion batteries coupled in parallel and/or series.
Some examples include cylindrical lithium ion batteries. In some examples, the
battery includes one or more batteries compatible with the 18650 battery
standard, but the present subject matter is not so limited. Some examples
include a number batteries which are interconnected in parallel and in series.
The vehicle propulsion battery 104, in some examples, provides approximately
390 volts. The term “battery” used herein may describe a single battery cell, or a
group or pack of battery cells. Although Li-ion batteries are used as examples,
the inventive subject matter is not limited in any way to just Li-ion battery
chemistry. Other types and configurations of batteries are contemplated,
including but not limited to NiCD, NiMH, Li-Polymer, Lead Acid and others.
[0040] Additionally illustrated is an energy converter 108. The energy
converter 108 is part of a system which converts energy from the vehicle
propulsion battery 104 into energy useable by the at least one propulsion motor
106. In some instances, the energy flow is from at least one propulsion motor
106 to the vehicle propulsion battery 104. As such, in some examples, the
vehicle propulsion battery 104 transmits energy to the energy converter 108,
which converts the energy into energy usable by the at least one propulsion
motor 106 to propel the electric vehicle. In additional examples, at least one

_ propulsion motor 106 generates energy that is transmitted to the energy

converter 108. In these examples, the energy converter 108 converts the energy
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into energy which can be stored in the vehicle propulsion battery 104. In some
examples, the energy converter 108 includes transistors. Some examples include
one or more field effect transistors. Some examples include metal oxide
semiconductor field effect transistors. Some examples include one or more
insulated gate bipolar transistors. As such, in various examples, the energy
converter 108 includes a switch bank which is configured to receive a direct
current (“DC”) power signal from the vehicle propulsion battery 104 and to
output a three-phase alternating current (“AC”) signal to power the vehicle
propulsion motor 106. In some examples, the energy converter 108 is
configured to convert a three phase signal from the vehicle propulsion motor 106
to DC power to be stored in the vehicle propulsion battery 104. Some examples
of the energy converter 108 convert energy from the vehicle propulsion battery
104 into energy usable by electrical loads other than the vehicle propulsion
motor 106. Some of these examples switch energy from approximately 390
Volts to approximately 14 Volts.

[0041] The propulsion motor 106 may be a three phase AC propulsion
motor, in various examples. Some examples include a plurality of such motors.
The present subject matter can optionally include a transmission 110 in some
examples. While some examples include a 2-speed transmission, other examples
are contemplated. Manually clutched transmissions are contemplated, as are
those with hydraulic, electric, or electrohydraulic clutch actuation. Some
examples employ a dual-clutch system that, during shifting, phases from one
clutch coupled to a first gear to another clutch coupled to a second gear. Rotary
motion is transmitted from the transmission 110 to wheels 112 via one or more
axles 114, in various examples.

[0042] A vehicle management system 116 is optionally included which
provides control for one or more of the vehicle propulsion battery 104 and the
energy converter 108. In some examples, the vehicle management system 116
may be coupled to vehicle systems which monitor battery characteristics (i.e.
battery monitoring circuit 120) or safety (such as a crash sensor). In some |
examples the vehicle management system 116 is coupled to one or more driver
inputs (such as a speed adjuster or accelerator, colloquially termed a throttle,
although the present subject matter is not limited to examples having an actual

throttle). The vehicle management system 116 may be configured to control
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power to one or more of the vehicle propulsion battery 104 and the energy
converter 108, in various embodiments.

[0043] A charging station 118 may be provided to transmit energy with
the vehicle propulsion battery 104, in various examples. In some examples, the
charging station converts power from a 110V AC power source into power
storable by the vehicle propulsion battery 104. In additional examples, the
charging station converts power from a 220V AC power source into power
storable by the vehicle propulsion battery 104. The present subject matter is not
limited to examples in which a converter for converting energy from an external
source to energy usable by the vehicle 102 is located outside the vehicle 102, and
other examples are contemplated.

[0044] FIG. 2 is a block diagram of a system 200 for diagnosing battery
voltage misreporting according to various embodiments. The system 200
includes a battery monitoring circuit (BMC) 204 monitoring a battery 202, a
calculation module 206 and a diagnostic module 208.

[0045] The BMC 204 may monitor the voltage in the battery 202 with
respect to time and/or with respect to charge state (percentage charge of the
battery 202). The BMC 204 may monitor and record this information during
charging or during discharge. The monitored battery information may be stored
at the BMC 204 for transfer to the calculation module 206 or may be transmitted
directly without storage. The calculation module 206 may use the monitored
battery information to calculate battery charge state data including time
derivative calculations of the monitored battery voltage within a range of
voltages for the battery. The time derivative calculations may include data
regarding the change in voltage over a change in time at various voltages. Other
calculations may be performed as well by the calculation module 206, including
generating a curve on an x-y axis (see Fig. 5B, which will be discussed in more
detail below) representing the time derivative of the voltage versus voltage. The
curve may also be integrated to determine that area beneath the curve, and a
centroid of that area may be calculated. Any or all of the calculations of the
battery charge state data, the corresponding curve, area or centroid may be then
sent to the diagnostic module 208.

[0046] The diagnostic module 208 may receive the calculated data from

the calculations module 206. This data may at least include the battery charge
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state data. The diagnostic module 208 may take the calculated data received
from the calculations module 206 and compare it with an expected set of data.
The expected set of data may be based on charge state data of another battery or
a reference or idealized battery. As an example, the diagnostic module may
compare the battery charge state data with a reference set of charge state data.
The reference set of charge data may be based on data expected of an idealized
battery — a battery acting as expected under certain temperature, driving, age,
and other characteristics. The other battery charge state data may also be based
on an average or mean or other statistical analysis of multiple batteries.
According to another embodiment, the diagnostic module 208 may compare the
battery charge state data with charge state data calculated from other battery
monitoring circuits monitoring other similar batteries. If there is a difference
between the battery charge state data and the expected set of data which exceeds
a predetermined amount, the diagnostic module 208 may generate an error
message. The error message may be a signal to another system to indicate that
there is a misreporting in the battery monitoring circuit. The amount of
difference necessary to constitute a predetermined amount of difference may be
determined based on allowed tolerances, and does not need to be one value, but
may change with time or driving conditions. According to an example
embodiment, the predetermined amount of tolerance may be plus or minus
around 7mV.

[0047] FIG. 3 is a block diagram of another system 300 for diagnosing
battery voltage misreporting according to various embodiments. The system 300
includes the battery monitoring circuit (BMC) 204 monitoring the battery 202,
the calculation module 206 and the diagnostic module 208, as well as additional
batteries 302, additional BMCs 304 and additional diagnostic modules 306.
[0048] As discussed above, the BMC 204 monitors the battery 202 and
sends the monitored information to the calculation module 206. The calculation
module 206 may operate as described above and send its data to the diagnostic
module 208. In a particular example application, the battery 202 may be one
battery out of a group of batteries. The battery 202 and the additional batteries
302 may make up at least a part of a battery pack and may be connected in
parallel. Each additional battery 302 may have one of the additional BMCs 304
to monitor its voltages in time. Similar to the BMC 204, the additional BMCs
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304 may take the monitored additional battery 302 information and pass it along
to the additional calculation modules 306. The additional calculation modules
306 may then perform calculations to generate at least one of time derivative
based battery charge state data, corresponding curves, areas and centroids,
similar to as discussed above with reference to FIG. 1. This data may then be
sent form the additional calculation modules 306 to the diagnostic module 208.
[0049] The diagnostic module 208 may use the data from the additional
calculation modules 306 to compare with the data from the calculation module
206. Substantial differences in the data may warrant the generation of an error
message. The data analyzed by the diagnostic module 208, from the battery 202
and the additional batteries 302 represent an aggregate set of battery charge state
data, and any substantial variations (within tolerances) in data from one battery
(the battery 202 or the additional batteries 302) as compared with the rest may
cause the diagnostic module 208 to generate one or more error messages.

[0050] FIG. 4 is a flow diagram illustrating a method 400 for diagnosing
battery voltage misreporting according to various embodiments. The method
begins by monitoring the voltage present in a battery (block 402). The
monitoring may be constant or periodic and may take into count the time and the
state of charge of the battery (as a percentage). Battery charge state data may be
generated based off of the monitored battery information (block 404). The
battery charge state data may include a calculation of the change in voltage over
a change in time (i.e. time derivative dV/dt) for a range of voltage levels.
Additional calculations may be used to create a curve representative of the
change in voltage over a change in time for each voltage within the range.
According to various embodiments, the curve may be graphed on an x-y plane
with voltage on the x axis and dV/dt on the y axis. According to some
embodiments, the area beneath the curve may be calculated (through
integration), and a centroid for that area may be determined.

[0051] The battery charge state data may be compared with an expected
set of data to determine the similarity (block 406). According to various
embodiments, the raw battery charge state data may be used for the comparison,
or the calculated curve, area beneath the curve or the centroid may be used. A
difference between the battery charge state data represented by a curve and the

expected set of data may be visualized as a shift in the x or y directions. If the

10
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are beneath the curve is used, the comparison is simply a scalar value
comparison. Similarly, if the centroid data is used for comparison with the
expected set of data, it may be as simple as comparing X,y coordinates.

[0052] Comparison of the battery charge state data and the expected set
of data will allow for a determination of whether substantial differences exist
(block 408). The determination of a substantial difference may be based on
acceptable tolerances with respect to the type and configuration of the battery or
batteries being used. Various types of batteries (Li-Ion, Li-Polymer, NiCd,
NiMH, and others) are contemplated, and the acceptable tolerances for each may
differ. Additionally, varying configurations of batteries (multiple series-oriented
cells, serial-parallel combinations, and others) may change the amount of
acceptable tolerance which would define a substantial difference in between the
battery charge state data and the expected set of data. If there are no substantial
differences, it may be determined that no misreporting has taken place (block
410). If substantial differences are found, an error may be generated (block
412).

[0053] Generally a misreporting error will signify that a BMC is
misreporting the battery voltage that it is monitoring. In other words, if the
actual battery voltage is X, the BMC may be reporting X plus or minus Y. Itis
also possible, however, that substantial differences are found between the battery
charge state data and the expected set of data if the battery has substantially
more or less capacity for charge than that associated with the expected set of
data. Using the centroid based battery charge state data, when the coordinates of
centroid associated with the battery charge state data are substantially different
than the coordinates of the centroid associated with the expected set of data, the
amount and type of misreporting may be identified. This will be discussed in
more detail with reference to figure 5B below.

[0054] FIGS. 5A and 5B are charts illustrating various battery
characteristics relating to diagnosing battery voltage misreporting according to
various embodiments. Figure 5A includes a voltage axis 502, a state of charge
axis 504 and a representative curve 506. During charge or discharge of a
battery, the voltage at the battery may be monitored and measured with respect
to the battery state of charge. The representative curve 506 for a particular

battery may differ from other batteries, even batteries of like-type chemistry. The
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slope of the representative curve 506, however, at any given voltage will be
substantially similar for batteries of like-type chemistry. Assuming a known or
constant charge (or discharge) rate, the change in state of charge over time can
be constant, and a chemistry characteristic time derivative curve of dV/dt versus
voltage can be generated. This curve is represented with reference to the chart in
figure 5B below.

[0055] Figure 5B includes a time derivative (dV/dt) axis 508, a voltage
axis 510, a time derivative curve 512, an area beneath the curve 514, and a
centroid of the area beneath the curve (“centroid”) 516. Between batteries of
like-type chemistry, respective time derivative curves 512 should be
substantially similar. Dissimilarities in time derivative curves 512 of batteries
of like-type chemistry can be explained by misreporting of battery voltage, or a
variance in battery charge capacity. A shift in a time derivative curve 512 along
the dV/dt axis 508 means that the change in voltage over time is generally either
faster or slower, which can be indicative of less or more capacity respectively.
A shift in the time derivative curve 512 along the voltage axis 510 can be in
indication that a particular slope or dV/dt value is being reported at a lower or
higher than expected voltage value Since batteries of like-type chemistry share
similar dV/dt values at each voltage, a dV/dt value that lower or higher than
expected can be indicative of a misreporting. The term “shift” should be taken
to mean a shifted difference between a particular curve and an expected or
reference curve.

[0056] In order to compare the battery charge state data of a battery with
an expected set of data (which may be a reference set or data gathered from other
batteries according to various embodiments), additional calculations may be
used. Once time derivative versus voltage data is obtained, the time derivative
curve 512 may be generated. An integration of the time derivative curve 512
over a range of voltages may be used to determine the area beneath the curve
514. This produces a scalar value associated with a battery and BMC that may
be used for comparison purposes. Comparisons of the area beneath the curve
514 may be used to determine battery voltage misreporting or capacity
variances. Differing sizes for the area beneath the curve 514 can indicate
dissimilar or shifted time derivative curves 512. Additionally, a centroid 516 of

the area beneath the curve 514 may be calculated and used as battery charge
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state data for comparison with an a centroid calculated from an expected set of
data. Differences in the position of the centroids 516 can indicate battery
voltage misreporting or capacity variances. Similar to the time derivative curve
512, as discussed above, a centroid 516 that is at a higher or lower position than
expected on the dV/dt axis 508 can be indicative of less or more relative capacity
respectively. A centroid 516 that is positioned to the left or right of an expected
position on the voltage axis 510 can be indicative of under-reporting or over-
reporting of battery voltage.

[0057] When a misreporting is determined, an error message may be
generated. the error message may be a signal that is communicated between a
diagnostic system and one or more other systems. The error message may be
communicated to a charging system to cause the charging system to limit the
amount of charge to be applied to the battery (or battery pack). Similarly, the
error message may cause the charging system to prevent the battery from
charging at all. As aresult, a message may be presented to a user that the battery
is in need of service. As another option, according to various embodiments, an
error message from a diagnostic system may allow another circuit to compensate
for the misreporting BMC. For example, if the faulty BMC is reporting 3.6V
when the battery is actually at 3.8V, the voltage reporting signal from that BMC
may be compensated by .2V to make it correct.

[0058] As mentioned above, comparing battery charge state data to an
expected set of data may reveal charge capacity variances — for a particular
battery or between batteries. Charge capacity changes or variations affect the
amount that a battery or a battery pack may be charged. As such, range and
capacity calculations (which may be presented to a user) may be affected by
these changes and variations in charge capacity. When an error or misreporting
is determined with respect to charge capacity, adjustments to range, capacity and
other calculations may be made to provide more accurate information or
estimates.

[0059] FIG. 6 illustrates a computer system that executes programming
for diagnosing battery voltage misreporting according to various embodiments.
A general computing device 610, may include a processing unit 602, memory
604, and storage 612. Computer-readable instructions stored on a computer-

readable medium are executable by the processing unit 602 of the computing
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device 610. A hard drive, CD-ROM, and RAM are some examples of articles
including a computer-readable medium. Instructions for implementing any of the
above described methods and processes may be stored on any of the computer
readable media for execution by the processing unit 602. The memory 604 may
include volatile memory 606 and/or non-volatile memory 608. Additionally, the
memory 604 may include program data 614 which may be used in the execution
of various processes. Storage for the computing device may include random
access memory (RAM), read only memory (ROM), erasable programmable read-
only memory (EPROM) & electrically erasable programmable read-only
memory (EEPROM), flash memory, one or more registers, or other memory
technologies, compact disc read-only memory (CD ROM), Digital Versatile
Disks (DVD) or other optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium
capable of storing computer-readable instructions.

[0060] The computing device 610 may include or have access to a
computing environment that may include an input 616, an output 618, and
communication connections 620. The computing device 610 may operate in a
networked environment using a communication connection to connect to one or
more other computing devices, processors or other circuits. In some
embodiments, the computing device 610 may reside on one or more devices for
measuring and/or calculating battery charge state déta. The computing device
610 may utilize the communication connections 620 to interact with other
systems to report and manage voltage misreporting or charge capacity errors.
[0061] The Abstract is provided to comply with 37 C.F.R. §1.72(b) to
allow the reader to quickly ascertain the nature and gist of the technical
disclosure. The Abstract is submitted with the understanding that it will not be

used to interpret or limit the scope or meaning of the claims.
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CLAIMS

What is claimed is:

1. A method for diagnosing a battery voltage misreporting, the method
comprising:

monitoring a voltage of a battery;

calculating battery charge state data by computing time derivatives of the
monitored battery voltage across a range of battery voltages;

comparing the calculated battery charge state data to expected charge
state data; and

generating an error message if the battery charge state data differs from

the expected charge state data by a predetermined amount.

2. The method of claim 1, wherein the monitoring is performed during
charging of the battery.
3. The method of any of claims 1 through 2, wherein the expected charge

state data is a reference state of charge set data based on an idealized battery.

4, The method of any of claims 1 through 3, wherein the expected charge
state data is determined by monitoring additional batteries and generating
additional battery charge state data by computing time derivatives of the

monitored battery voltage across a range of battery voltages.

5. The method of any of claims 1 through 4, further comprising generating a
first curve representing the battery charge state data, and generating a second

curve representing the expected charge state data.

6. The method of claim 5, further comprising integrating the first curve over
a voltage range to determine a first scalar value, and comparing the first scalar
value with a second scalar value derived from integrating the second curve over

the voltage range.

15



WO 2009/154746 PCT/US2009/003614

7. The method of any of claims 5 through 6, further comprising determining
a first centroid position for an area beneath the first curve within a voltage range,
and comparing the first centroid position with a second centroid position

determined from the area beneath the second curve within the voltage range.

8. The method of any of claims 5 through 7, further comprising determining
a voltage misreporting based on a shift of the first curve with respect to the

second curve along a first axis which represents voltage.

9. The method of any of claims 5 through 8, further comprising determining
a battery capacity variance based on shift of the first curve with respect to the
second curve along a second axis which represents a measure of a change in

voltage over a change in time.

10. A system for diagnosing battery voltage misreporting, the system
comprising:

a battery measurement circuit to measure the voltage of a battery to
create battery voltage data;

a calculation module to receive the battery voltage data and to calculate
time derivatives from the battery voltage data across a range of battery voltages;
and

a diagnostic module to compare the calculated time derivatives to an
expected set of time derivatives, the diagnostic module to generate an error
message if the calculated time derivatives are substantially different than the

expected set of time derivatives.

11. The system of claim 10, further comprising one or more additional
battery measurement circuits to measure voltages across one or more additional
batteries to create additional voltage data; and

at least one additional calculation module to receive the additional
battery voltage data and to calculate time derivatives of the measured voltages

across a voltage range to generate the expected set of time derivatives.
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12.  The system of any of claims 10 through 11, wherein the battery is a
lithium-ion battery.

13.  The system of any of claims 10 through 12, further comprising a charge

limiting module to receive the error message and to limit charging of the battery.

14.  The system of claim 13, wherein the charge limiting module substantially

disallows charging of the battery.

15.  The system of any of claims 10 through 14, further comprising a
compensation module to receive the error message and to adjust the voltages

indicated by the battery measurement circuit.

16. A method for diagnosing a battery voltage misreporting, the method
comprising:

receiving battery data from a monitoring device;

comparing the battery data to expected data;

determining a misreporting error by the monitoring device if the battery
data differs from the expected data by a predetermined amount; and

generating an error signal indicating the misreporting error by the

monitoring device.

17.  The method of claim 16, wherein the expected data is based on an

idealized reference battery.

18.  The method of any of claims 16 through 17, wherein the battery data
includes one or more of the following: battery voltage data, battery state of
charge data, time derivative .of battery voltage data, a scalar representing an
integration of the time derivative of the battery voltage data, and coordinates
representing a centroid of the area represented by integration of the time

derivative data.

19.  The method of any of claims 16 through 18, further comprising

calculating from the battery data, one or more of the following: time derivative
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of battery voltage data, a scalar representing an integration of the time derivative
of the battery voltage data, and coordinates representing a centroid of the area

represented by the integration of the time derivative data.

20.  The method of any of claims 16 through 19, further comprising
determining an amount of misreporting by the monitoring device; and
compehsating for the amount of misreporting by the monitoring device to make

reporting by the monitoring device substantially more accurate.

21.  An article of manufacture comprising a machine-readable medium
storing instructions which when executed by a machine, cause the machine to:
record battery voltage data including a voltage measurement and a
timestamp;
calculate battery charge state data by computing time derivatives of the
battery voltage data across a range of battery voltages;
compare the battery charge state data to expected charge state data; and
generate an error message if the battery charge state data differs from the

expected charge state data by a predetermined amount.

22. The article of claim 21, wherein the expected charge state data is

representative of charge state data relating to additional batteries.

23. The article of any of claims 21 through 22, further comprising storing
instructions which when executed by a machine, cause a charging process for the

battery to be limited.

24, The article of any of claims 21 through 23, further comprising storing
instructions which when executed by a machine, cause the machine to determine
a compensation amount for the battery voltage to make the battery charge state
data substantially similar to the expected set of data; and to compensate the

battery voltage by the compensation amount.

18



PCT/US2009/003614

WO 2009/154746

|
|
|
|
|
|
{
I
)
!
|
J
i

102

©
o
©
(] -
1f )
wl

S| E

V] <«

- [os)

& | §
o
=

© >

POWER

118 —1 EXTERNAL

FIG. 1

1/5



WO 2009/154746 PCT/US2009/003614

200
\

202 \\ 204 \ 206 k 208k
Batt BMC Calc Diag
L | I
FIG. 2
300 \
g
302 304 ~
M Batt BMC Calc N
I I 306
304 ~A
%2\ Batt BMC ||| Calc [
] ] I_"_ ]
a n ]
302 304 ~A
1 Batt BMC Calc N
| 306
202\ 204\\ ——
Batt BMC Calc Diag
L ) 208)

206

FIG. 3

2/5



WO 2009/154746

410

PCT/US2009/003614

402
\

Monitor Battery Voltage

l 404 \\

Generate Charge State Data

l 406 \\

Compare Charge State Data

Substantial
Differences?

412
\

No Misreporting

Error

FIG. 4

3/5



WO 2009/154746 PCT/US2009/003614

502
4

=
% 506
5
>
504
\
State of Charge (%)
FIG. 5A
508
&
5
3
512
51(2
514
J

Voltage (V)

FIG. 5B

4/5



WO 2009/154746

610

PCT/US2009/003614

600
f

COMPUTING DEVICE

602

PROCESSING UNIT

604 614
\ S PROGRAM
606

S VOLATILE

608
S NON-VOLATILE

612

A\

STORAGE

616

INPUT

620
N

COMMUNICATION
CONNECTIONS

618

OUTPUT

FIG. 6

5/5




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

