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BATTERY CHARGING METHOD

STATEMENT OF GOVERNMENT INTEREST
[0001] The invention described herein may be manufactured and
used by or for the Government of the United States of America

for Governmental purposes without the payment of any royalties

thereon or therefore.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] None.

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

[0003] The present invention relates generally to a power
management method for a modular battery.

(2) DESCRIPTION OF THE PRIOR ART

[0004] High power level rechargeable batteries are often
necessary for specific applications. These batteries are made
up of a plurality of series connected cells grouped in modules.
In electric vehicle applications, batteries such as this are
often capable of delivering in excess of 100KW at a voltage of
400 VDC or above. A battery of this nature can have in excess

of one hundred cells divided into individual modules or banks of

cells.
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{0005] A battery of this power level must be handled very
carefully and monitored very closely during charge and
discharge. This is particularly true of lithium ion batteries.
The voltage of each cell must be monitored during discharge to
ensure that no cell voltage is allowed to drop below
approximately 2.1 VDC. Allowing a cell voltage below this level
may cause irreversible damage to the cell. More importantly the
voltage of each cell must be carefully monitored and controlled
while charging. Overcharging a cell beyond approximately 4.3
VDC can result in catastrophic failure of the cell.

[0006] It is also desirable that all cells remain at the same
voltage level, charge at the same rate, and reach the desired
final voltage level at the same time. In practice, however,
this is not the case; cell charge and discharge characteristics
vary. All cells must be monitored very closely during charging.
If any cell (or group of cells) reaches a predefined upper
voltage limit prior to the rest of the cells, charging is
suspended and the rogue cells must be discharged to the voltage
level of the other cells. This process is referred to as '"cell
equalizing" or "cell equalization".

[0007] Monitoring battery temperature during charge and
discharge is also very important. Cell temperatures should not
be allowed to exceed a predetermined temperature. If this

temperature is reached, corrective action must be taken
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immediately. This corrective action can include shutting down
the charge or discharge process or activating a cooling system.
[0008] These problems are specifically acute when using
lithium-ion batteries; however, other battery chemistries have
similar problems. In view of the prior art, there is a need for
a battery monitoring and charging system that allows full

monitoring and control of the battery.

SUMMARY OF THE INVENTION
[{0009] A charging and equalizing method for a battery having
a control computer in a charging system in communication with a
plurality of module processors. Charging and equalization
pauses periodically to determine corrections for voltage
measurement by the module processors. Cell voltages are
continuously sampled and data is sent to the control computer
periodically. The control computer determines when to equalize
battery cells in the modules based on their open circuit
voltages transmitted by the module processors. A selected group
of cells in each module can be equalized. Equalization is
carried out in the modules until all of the module processors
indicate that equalization has been completed. Charging can
then resume until charging is complete or cells reach a maximum
voltage given by the control computer. In an alternative

embodiment, a selected group of cells may be partially bypassed
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while charging to reduce the charge rate of the cell. This
bypassing will reduce the amount of time spent equalizing and

will significantly reduce the overall charge time.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The foregoing invention will become readily apparent
by referring to the following detailed description and the
appended drawings in which:
[0011] FIG. 1 is a diagram providing an overview of an
embodiment of the device and the associated battery;
[0012] FIG. 2 is a diagram showing the battery monitoring
functions of the battery control board;
[0013] FIG. 3 is a diagram of the relay control apparatus for
suspending battery charging in the event of a system fault or at
charge completion;
[0014] FIG. 4 is a diagram of the cell equalization and
partial bypass circuitry ;
[0015] FIG. 5 is a flow chart of a master interrupt routine
used in an embodiment of this invention;
[0016] FIG. 6A is a flow chart of equalizing operations used
in an embodiment of this invention; and
[0017] FIG. 6B is a flow chart of charging operations used in

an embodiment of this invention.
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DETAILED DESCRIPTION OF THE INVENTION
[0018] This embodiment provides a method for controlling a
battery charging system. One possible battery monitoring and
charging system is provided in FIG. 1, FIG. 2, FIG. 3, and FIG.
4. This embodiment is disclosed in United States Patent
Application Ser. No. 11/831,197, filed on 31 July 2007 which is
incorporated by reference herein. ‘The battery 10 is subdivided
into a plurality of battery modules 12 each having a plurality
of cells 14. Each module 12 has a battery control board 16
associated with that module 12. Each battery control board 16
has multiple temperature monitoring connections 18, multiple
cell connections 20 used for cell voltage monitoring and cell
equalization, and a power relay connection 22. Internal
connections within module 12 and battery control board 16 will
be shown hereinafter. Module 12 is only defined by its
connection to a single battery control board 16, and module 12
can have as many cells 14 as battery control board 16 can
monitor. The battery control boards 16 are joined to a control
computer 24 by a network 26. For identifying the separate
control boards 16 to the control computer 24, each board 16 has
a dip switch, memory, or other means for giving it a unique
network address. This network 26 can be Ethernet™, wi-fi or any
other networking technology. The charge control computer 24

provides coordination and control of the modules during
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discharge and charging. In order to charge battery 10, there is
a charging power supply 28 joined to network 26 and control
computer 24. Charging power supply 28 is further joined to
power relay connection as discussed with relation to FIG. 3.
Charging cables 30 and 32 are connected to the low and high side
of battery 10, respectively.

[0019] FIG. 2 shows an embodiment of the voltage and
temperature monitoring aspects of the battery control board 16.
As discussed above, each battery control board 16 is joined to a
group of cells 14 arranged in a module 12 of battery 10. Board
16 is joined to monitor the temperature of cells 14 in the
module by thermistors 34 joined within module 12. Thermistors
34 are dispersed among éells 14 to monitor their temperatures
and are joined to temperature monitoring connection 18. Each
thermistor 34 is connected to a low pass filter 36 for reducing
noise in the temperature signal. The outputs of low pass
filters 36 are joined to a multi-channel temperature analog to
digital converter 38. At least one board temperature sensor 40
is also joined to the temperature analog to digital converter 38
through low pass filter 36. Board temperature sensor 40
provides the local temperature of the battery control board 16
and of the equalization circuitry, shown in FIG. 4, which is
installed on control board 16. This embodiment is capable of

utilizing as many thermistors 34 and temperature sensors 40 as



Attomey Docket No. 98866

necessary to monitor module 12. As such, this disclosure should
not be limited by the number of thermistors or sensors shown.
Furthermore, other temperature sensing devices can be used in
place of thermistors. These include thermocouples and other
temperature sensing components.

[0020] Voltage monitoring connection 20 is required to
monitor the voltage in each cell 14 as well as the overall
voltage of the module 12. Ground 42 for these purposes is the
lowest volﬁage in module 12. This is the voltage identified at
44. In view of the series arrangement of battery 10 and modules
12, ground 42 for the specific module 12 could be well above the
base voltage of battery 10. Components of the embodiment must
be capable of operating with these voltage differentials. The
overall voltage of the module 12 is measured by a voltage
divider utilizing resistors 46 and 48 set up between the highest
voltage in the module 12 and the ground 42. The highest voltage
for module 12 is that at point 50. The voltage divider is
connected to the input of an op amp configured as a low pass
filter 52 for reducing noise in the overall voltage measurement.
The filter output is connected to a voltage analog to digital
converter 54.

[0021] Cell voltages are measured by joining voltage
monitoring connection 20 on both sides of each cell 14. The

voltage between the high voltage and low voltage of each side of
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cell 14 is measured by a differential amplifier 56.

Differential amplifier 56 can be any differential amplifier
having a common mode voltage rating capable of handling the
highest voltage 50 in the module 12. The output of the
differential amplifier 56 is connected to voltage analog to
digital converter 54 through a low pass filter 58. Differential
amplifiers 56 convert the various differential measurement
common mode cell voltage levels present in the module and
reference them all to a common ground 42 preventing these
voltages from adversely affecting analog to digital converter
54. Low pass filters 58 eliminate high frequency noise that may
be present on the cell voltage signals. Low pass filters 58 can
be implemented as two pole active low pass filters or as a
passive low pass filters. Cutoff frequency of these filters 58
should be chosen as is necessary to eliminate high frequency
noise.

[0022] As described above, filtered voltage measurements from
the cells and the overall module voltage divider output are
provided to one or more voltage analog to digital converters 54.
The number of converters 54 is dictated by the number of cells
14 in module 12 and the number of channels in each analog to
digital converter 54. The digital output of voltage analog to
digital converters 54 is serialized by a parallel to serial

interface 60. Temperature analog to digital converter 38 are
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serialized by a separate parallel to serial interface 62 because
analog to digital converter 38 operates at the same ground level
as the processor 64 and does not require isolation. Interfaces
60 and 62, which may be integral to the analog to digital
converter, convert signals from the analog to digital converters
into a serial form that can be interfaced to the serial
interface of processor 64. The function of processor 64 can be
implemented using a wide range of digital signal. processors,
microcontrollers, or microprocessors. The serial output of
interface 60 is isolated from processor 64 by an isolator 66.
Isolator 66 allows the processor 64 to operate at a common,
system wide, ground rather than the module specific ground 42
discussed above. This allows the processors 64 from all control
boards 16 to be powered from a single power supply.

[0023] FIG. 3 shows power relay control connection 22 that
switches voltage to battery 10 during charging. Control
computer 24 is joined by network 26 to each board 16 for
controlling power distribution during charging and equalization.
Control computer 24 is also joined by network 26 to an
adjustable output charging power supply 28. Charging power
supply 28 is joined to charge battery 10 through a main power
relay 70 and blocking diode 72 which prevents current from
flowing from the battery back to the power supply 28 when the

power supply 28 is turned off. The control coil of main relay
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70 is energized by a fixed output power supply 74. The control
coil of main relay 70 and the fixed output power supply 74 are
in series with a board relay 76 on each of the battery control
boards 16. If any one of the relays 76 is open then relay 70 is
open and power supply 28 is disconnected from battery 10. 1In
the embodiment shown, power relay control connection 22 on
boards 16 are connected in a series as a bus with the last
connection having a terminator 78. In other embodiments, the
boards 16 could be connected directly in series with the last
board being connected directly to relay 70 instead of through
each board 16, as shown.

[0024] On each board 16, board relay 76 is connected to
processor 64 through a driver 80. Driver 80 is provided merely
for giving the required control power for relay 76 and may not
be necessary in some embodiments. Processor 64 is further
connected to a network driver 82 in communication with network
26. Processor 64 can control board relay 76 when it receives a
command from control computer 24 or when it detects a fault
through the sensors provided in relation to FIG. 2.

[0025] Adjustable output power supply 28 has a network driver
84 installed to communicate with network 26. This allows
control computer 24 to disable the adjustable output power

supply 28 in case of fault or equalization. Network 26 is

10



Attomey Docket No. 98866

joined to a network hub 86. Control computer 24 is joined to
network hub 86 through network 26.

[0026] FIG. 4 shows the circuitry necessary to equalize or
partially bypass a cell 14 in a module 12. Equalization is
necessary when a cell 14 charges too fast and reaches a
predefined upper limit before the rest of the cells 14. This is
detected first by the cells monitoring circuit board 16 and is
communicated by board 16 to control computer 24 through network
26. This equalization process is achieved by first opening main
relay 70 thereby disconnecting power supply 28 from battery 10.
Processor 64 controls the main relay 70 by controlling its
associated board relay 76. Processor 64 then sends a signal to
equalization driver 88 which activates equalization relay 90.
Equalization relay 90 isolates processor 64 from ground 42.
Activation of equalization relay 90 places an equalization
resistor 92 in parallel with cell 14. Equalization relay 90 can
be a photovoltaic relay, reed relay or other type of switch
having the appropriate activation energy, current, isolation,
and voltage ratings. Processor 64 monitors equalization voltage
through voltage monitoring circuitry shown in FIG. 2 until cell
14 voltage has been reduced to the desired level communicated by
control computer 24. Each cell 14 has its own equalization
relay 90 and power resistor 92. Once the cell or cells that

were selected for equalizing have all reached the desired final

11
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voltage, all equalization relays 90 are opened, board relays 76
and main relay 70 are closed and charging resumes. This
circuitry is also used to partially bypass charge current around
the cell while charging. 1In order to partially bypass, relay 90
closes in response to a signal received by processor 64 while
cell 14 is being charged. Closing relay 90 shunts a portion of
the charging current through relay 90 and resistor 92. This
bypassing will reduce the rate of voltage increase or charge
rate of the cell significantly reducing the amount of time spent
equalizing and the overall charge time.

[0027] This embodiment features multiple layers of redundant
fault sensing and control that are designed into the device.
When charging, control computer 24 can be an external computer
in constant communications with battery control boards 16 and
with power supply 28 which has its own network interface 84.
Control computer 24 commands the power supply 28 voltage to 0
VDC and disables power supply's output 28 if it receives cell
voltage or temperature data from one of the battery control
boards 16 that is out of acceptable range specified by the user.
Control computer 24 also disables power supply 28 if it loses
communication with any of the battery control boards or receives
a fault message from one of the boards.

[0028] The processor 64 on each battery control board is

programmed to sample cell voltages and temperatures several

12
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times a second. Processor 64 compares these cell voltages to
high and low voltage limits defined by the user and communicated
to the processor 64 through a graphical user interface on
control computer 24. The graphical user interface can display
cell voltage, module voltage, module temperatures and board
temperatures. The graphical user interface can also provide
user control for charging and equalization. Each processor 64
controls board relay 76 that controls the coil of main relay 70.
The voltage controlling main relay 70 and passing serially
through board relays 76 on boards 16 is supplied from an
external fixed output power source 74. All processors 64 must
close their respective board relays 76 in order for power to be
applied to the main relay 70 that electrically connects the
charge power supply 28 to the battery 10. If any of the
processors 64 senses a fault condition or loses communication
with the control computer 24, that processor 64 will command its
board relay 76 to open which will also open the main relay 70
disconnecting the charge power supply 28 from the battery 10.
[0029] Battery charging and/or equalizing is globally
controlled by the control computer 24 and is based on
information received from all battery control boards 16 in the
system. The host control computer 24 synchronizes the battery
control boards 16 so that they will all start charging and

equalizing simultaneously. Equalizing has a higher priority

13
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than charging. If any cell 14 in any module 12 reaches the
final charge voltage dictated by the control computer 24, the
battery control board 16 monitoring that cell 14 tells the
control computer 24 that it is ready to equalize. The battery
control board 16 then waits for an equalization command from the
control computer 24. Control computer 24 then commands all
battery control boards 16 to stop charging and start equalizing.
Control computer 24 synchronizes this transition from charging
to equalizing on all battery control boards 16 so that a given
board 16 will not start equalizing while other boards 16 think
the system is charging.

[0030] The control computer 24 also dictates the absolute
maximum number of cells 14 each battery control board 16 should
equalize at any one time to limit the amount of heat being
generated by resistors 92 on the battery control boards 16.

Once every minute, processors 64 suspend equalization for
several seconds by opening the equalize relays 90 and take an
open-circuit cell voltage measurement. This open-circuit cell
voltage measurement is used to calculate an equalization voltage
offset that is applied to the cell voltage measurements taken
while equalizing. Processor 64 then sorts the open-circuit cell
voltage data in order from highest voltage to lowest voltage,
and determines which cells exceed the desired end-equalization

voltage level dictated by the control computer 24. The battery

14
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control board 16 then resumes equalizing as many of the highest
voltage cells as it can based on the maximum number of cells to
equalize command received from the control computer 24.

[0031] After one of the battery control boards 16 indicates
that it is time to equalize, the control computer 24 determines
which cell 14 frbm the all the modules 12 is at the lowest
voltage. The control computer 24 then adds a user defined
offset to this lowest cell voltage reading and communicates this
voltage value to all module processors 64 as being the end-
equalization voltage level. During equalization, a cell whose
voltage is below the end-equalization voltage level is masked
out and will not be allowed to equalize again until after the
next charge cycle. Equalization continues until all cells of
all modules have fallen below the end-equalization voltage level
and been masked out.

[0032] FIGs. 5, 6A and 6B show the method as run on a
processor 64 for charging and equalizing a battery module 12.
FIG. 5 concerns the master interrupt procedure that controls the
charging and equalization procedures. FIG. 6A is specifically
focused to the operation of equalizing battery cells in a
module. FIG. 6B is specifically focused on the operation of
charging battery cells in a module. The master interrupt

procedure (FIG. 5) is executed in each master interrupt block.
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The return state is saved by the control computer so that the
next state machine step can be executed.

[0033] The charge and equalize functions are implemented in a
software state-machine. The software state machine has states
that include: Not Yet Charging or Equalizing, Waiting for Host
Command to Charge, Wait After Closing Charge Relay, Charging,
Waiting for Host Command To Equalize, Waiting for All Modules
Ready to Equalize, Wait After Opening Charge Relay, Deciding
Which Cells to Equalize, Wait After Closing Equalize Relays,
Equalizing, Wait After Opening Egqualize Relays, and Holding
Voltages After Disabling. Each state also provides an
indication of the next state for the routine. Each of these
states will be described in the following text.

[0034] Concerning the state "Not Yet Charging or Equalizing",
this is the first state after processor 64 has received a charge
enable command from control computer 24. All control boards 16
will receive this command at the same time. 1In this state,
processor 64 decides whether the associated module 12 should be
charged or equalized. As part of this state, the processor 64
reads cell voltages and stores the last cell voltage measurement
as the open circuit voltage for the cell. This state will be
followed by either the "Waiting for Host Command to Equalize"
state or the "Waiting for Host Command to Charge" state. The

"Waiting for Host Command to Equalize" state will follow if any

16
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cell voltage exceeds the cell upper charge limit provided by the
control computer 24.

[(0035] The "Waiting for Host Command to Charge" state
instructs processor 64 to wait for permission from control
computer 24 to charge. This state allows the control computer
24 to synchronize all control boards 16 and prepare them for
charging or override the request to charge with a command to
equalize. Again, the last cell voltage measurement is stored as
the open circuit voltage for the cell 14 prior to closing the
main power relay 70. In the embodiment allowing partial bypass,
the control computer 24 also dictates the absolute maximum
number of cells 14 each battery control board 16 should bypass
at any one time to limit the amount of heat being generated by
resistors 92 on the battery control boards 16. Processor 64
then sorts the open-circuit cell voltage data in order from
highest voltage to lowest voltage, and determines which cells
exceed the desired partial bypass threéhold voltage level
dictated by the control computer 24. The battery control board
16 then resumes charging as many of the highest voltage cells as
possible based on the maximum number of cells to bypass command
received from the control computer 24. This state will be
followed by the "Wait After Closing Charge Relay" state or the

"Waiting for Host Command to Equalize" state depending on the

17
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control computer 24 command. If control computer 24 issues a
charge command, processor 64 will close its charge relay 76.
[0036] The "Wait After Closing Charge Relay" state waits for
the power supply 28 to reach its charging voltage and current
and for cells 14 to settle out at their higher charge voltage.
In the current embodiment, the time for waiting is three
seconds. During this state the same battery cell voltages as
those obtained in the prior state are sent to control computer
24. The next state is "Charging" after processor 64 has spent
the predetermined time in the "Wait After Closing Charge Relay"
state.

[0037] In the "Charging" state, processor 64 monitors cell
voltages to insure that they do not exceed a maximum voltage
value provided by control computer 24. While in this state, the
control computer 24 periodically disables charging for several
seconds which opens the charge relays 70 allowing processors 64
to take an open-circuit cell voltage measurement. After several
seconds have elapsed, the control computer 24 re-enables
charging, and the processor will return to the charging state
after passing through the "Waiting for Host Command to Charge"
and “Wait After Closing Charge Relay" states. The open-circuit
cell voltage measurement is used to calculate a charge voltage
offset that is applied to the cell voltage measurements taken

while charging to determine the actual cell voltage. This

18
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adjusted or actual cell voltage is then used to determine if any
cell voltage in the associated module 12 has exceeded the
maximum voltage value. If a cell voltage has exceeded this
value, processor 64 notifies control computer 24, charging is
stopped, the charge relay is opened, and the processors 64 wait
3 seconds for the cell voltages to stabilize in the “Holding
Voltages after disabled” location prior to proceeding to the
“Not Yet Charging or Equalizing” and then "Waiting for Host
Command to Equalize" states.

[0038] In the embodiment allowing partial bypéésing of the
cells, control computer 24 can send a partial bypass command to
battery control board 16 indicating the cell or cells for
partial bypassing. Processor 64 associated with battery control
board 16 closes relay 90 thereby shunting current around cell
14. This slows the charge rate for the cell being subjected to
the shunting.

[0039] During the “Waiting for Host Command to Equalize”
state, processor 64 waits for permission from control computer
24 to equalize. This state tells control computer 24 that the
associated module 12 is ready to equalize, and that control
computer needs to synchronize all other control boards 16 for
equalization of their modules 12. During this state, battery
cell voltages are not updated and previous values are sent to

the control computer 24.
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[0040] The "Waiting for All Modules Ready to Equalize" state
is a waiting state for control board 16 to wait for an
indication from control computer 24 that all modules 12 are
ready to equalize. This state is needed for synchronization of
the control boards 16. During this state, battery cell voltages
are not updated and previous values are sent to control computer
24. This state is followed by the "Wait After Opening Charge
Relay" state or additional waiting periods.

[0041] The "Wait After Opening Charge Relay" state waits for
a preset period for cell voltages to settle out after removing
the charging power supply 28 from the module 12 by opening board
relay 76. In the current embodiment, this preset period is ten
seconds. After the first three seconds, processor 64 starts
sending actual battery cell voltages to control computer 24.
This optional step allows monitoring of the settling process by
control computer 24. This state is followed by the state of
“Deciding Which Cells to Equalize”.

[0042] In the "Deciding Which Cells to Equalize" state
processor 64 stores the last cell voltages as the open circuit
voltages of the cells 14. These voltages are then sorted to
determine which cells 14 should be equalized. Cells having a
voltage below an equalization target voltage set by control
computer 24 are prevented from equalizing. All of the remaining

cells 14 may not be able to equalize at once because of thermal
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dissipation issues, so a maximum number of cells 14 for
equalization is provided by control computer 24. Processor 64
selects the maximum number of cells 14 requiring equalization
with preference given to the cells 14 having the greatest
voltage. If no cells require equalization, the next state is
"Wait for Host Command to Charge".

[{0043] The "Wait After Closing Equalize Relays" state waits
for a preset period or time for cell voltage readings to
stabilize at their new equalize values. 1In the current
embodiment this preset period has been found to be 3 seconds.
The cell voltages were determined in the "Deciding Which Cells
to Equalize" state. The "Equalize" state occurs after this
state.

[0044] In the "Equalizing" state, equalize offsets are
calculated by subtracting the open circuit voltage (obtained in
the "Deciding Which Cells to Equalize" state) from the current
cell voltage measurement taken the first time through the
“Equalizing” state. These equalize offsets are applied to all
measured cell voltages for the remainder of the “Equalizing”
state. During this state, cells 14 are equalized by reducing
energy in the cells 14. 1In the current embodiment, this is done
by placing equalizing resistor 92 in circuit with the equalizing
cell 14 by closing equalization relay 90. Processor 64 obtains

new equalize offsets every minute in the current embodiment.

21



Attomney Docket No. 98866

After the required time equalizing, the equalization relay 90 is
opened, and the next state is "Wait After Opening Equalize
Relays."

[0045] The "Wait After Opening Equalize Relays" state waits
for cell voltage readings to settle out at their open circuit
values. Waiting time is three seconds in the current
embodiment. After accomplishing this, the open circuit cell
voltages are sent to control computer 24. The next state is
"Deciding Which Cells to Equalize" as preparation for another
round of equalizing.

[0046] The state "Holding Voltages After Disabling" is
entered into after termination of charging or equalizing. This
state is executed during the master interrupt procedure.

Battery voltages are not updated~during this state, so that they
can return to their open circuit values. The state "Not Yet
Charging or Equalizing" follows this state.

[0047] FIG. 5 provides a flowchart of a master interrupt step
100. The state of the state-machine is reevaluated during the
master interrupt phase 100 that occurs every 200msec. This
master interrupt phase interval is achieved through the use of a
software timer in the processor 64 which is configured to
generate an interrupt every 200msec. The charge and equalize
functions are implemented in this processor interrupt service

routine. These functions will only be executed if there are no
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faults. Typical faults could be equalize failure after a
predetermined time has elapsed, charge failure after a
predetermined time has elapsed, excessive module or board
temperatures or the like. The absence of a fault is indicated
by an enable signal from control computer 24 indicating that
conditions are acceptable for equalization or charging.

[0048] In view of this, step 102 considers actions to be
taken if the battery control board 16 is enabled by the
processor 64 and allowed to equalize or charge. In the physical
embodiment shown in FIG. 3, enablement is embodied by control
line 22 and enacted by board relays 76 and main relay 70. Step
104 considers coordinating signals from control computer 24
indicating if the control system is not in the “Holding Voltages
After Disabling” state. If both steps 102 and 104 are positive
then in block 105 the master interrupt returns to the location
in the state machine before the master interrupt routine was
called. At the next master interrupt call 100, the state
machine returns to the wait 200mSec step at 106. Control then
returns to master interrupt start at step 107. If either step
102 or step i04 is negative, the software state machine tests to
determine if the state machine is charging or equalizing in step
108. If the machine is not yet charging or equalizing, it waits
for a predetermined period in step 109, 200 mSec in the current

embodiment, and then returns to step 102. If the machine is
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charging or equalizing when the disable command is received from
the control computer 24, then the state is changed to “Holding
Voltages after Disabling” in step 110 and the machine waits for
3 seconds in step 112. This state allows cell voltages to
stabilize to their open-circuit values after opening the charge
relay. After waiting in step 112, the machine changes state to
“"Not Yet Charging or Equalizing” in step 114 and control passes
to step 109.

[0049] FIG. 6A shows an embodiment of the method as related
to equalizing operations. The processor starts in the master
interrupt and proceeds to the "Not Yet Charging or Equalizing”,
step 118. Before it can leave this state, the processor must
find that one cell voltage exceeds the maximum cell voltage
provided by the control computer. This is done in step 120. If
one of the monitored cell's voltage exceeds the provided
voltage, the processor executes the master interrupt routine and
proceeds to the state “Waiting for All Modules to Equalize” in
step 122. As shown in step 124, the processor remains in this
state until it receives a command from the control computer
indicating that equalization is allowable because all battery
controllers are ready. The processor then opens the charge
relay 76. Another master interrupt is executed. In step 126,
the processor waits after opening the charge relay to allow

voltage in the associated cells to stabilize. Step 127 repeats
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master interrupt 100 until a predetermined delay time elapses
allowing stabilization. This can be implemented by using a
counter, iterating the 200 mSec master interrupt delay fifty
times. The processor determines which cells to equalize in step
128. This is done by sorting the voltages obtained from all of
the cells associated with the processor. The processor prevents
cells having a voltage below an equalization target voltage set
by control computer 24 from equalizing. The control computer
also submits a command telling processor 64 the number of cells
that can be allowed to equalize at once because of thermal
dissipation issues. Processor 64 selects the maximum number of
cells 14 requiring equalization with preference given to the
cells 14 having the greatest voltage. In step 130, equalization
is stopped in the associated module if all cells are equalized.
If processor 64 determines that cells must be equalized, it
executes the master interrupt routine and proceeds to step 132.
Step 133 shows implementation of a waiting period after closing
the equalize relays to allow voltages to stabilize in the
equalizing cells. Preferably, step 133 iterates master
interrupt fifteen times, giving a 3 second delay. The processor
64 proceeds to the equalizing step 134. In the equalizing step
134, the processor 64 waits for an elapsed time to pass in step
136 and periodically executes the master interrupt for

synchronizing the control boards. After the elapsed time has
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passed, the processor executes the master interrupt and opens
the equalize relays. In steps 138 and 139, the processor waits
after opening the equalizer relays and executes another master
interrupt. Step 139 preferably iterates master interrupt 100
fifteen times. After this delay, processor 64rloops back to
step 128 to undergo another round of equalization steps.

[0050] FIG. 6B shows an embodiment of the method as related
to charging operations. This begins by executing the master
interrupt step 100 discussed in FIG. 5. The processor then
waits for a charge command from the control computer in step
140. This coordinates the battery control boards. Step 141 is
a control step directing action when a charge command is
received from control computer 24. After receiving the charge
command, in step 142 the processor checks to see if a partial
bypass command has been received. Step 143 is executed for the
partial bypass command. In this step processor 64 receives the
absolute maximum number of cells 14 from control computer 24
that each battery control board 16 should bypass at any one time
to limit the amount of heat being generated by resistors 92 on
the battery control boards 16. Processor 64 then sorts the
open-circuit cell voltage data in order from highest voltage to
lowest voltage, and determines which cells exceed the desired
partial bypass threshold voltage level dictated by the control

computer 24. The battery control board 16 then resumes
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charging. In any case, the processor 64 proceeds to step 144
after executing a master interrupt 100.

[0051] In step 144, the processor closes the charge relay
and waits for cell voltages to stabilize. If no charge command
is received in step 141, control proceeds to step 152 for
determining if the system is ready to equalize. If the system
is not ready to equalize, after executing a master interrupt, it
returns to the beginning of the charge procedure and executes
step 140, wait for charge command. If the system is ready to
equalize, it executes a master interrupt and proceeds to step
122, waiting for all modules to equalize.

[0052] The specification shows the batﬁery charging method
with respect to one specific type of battery. It should be
understood that this method allows many different kinds of
apparatus. For example, the battery can have only one module.
Equalization can be performed by a different method such as by
reusing the discharged energy. The battery can have any number
of cells. Times given above are tied to the specific equipment.
Different equipment will require different times. Communication
between modules and control computer can be by any means known
in the art.

[0053] It is to be understood that the foregoing description
and specific embodiments are merely illustrative of the best

mode of the invention and the principles thereof, and that
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various modifications and additions may be made to the invention
by those skilled in the art, without departing from the spirit
and scope of this invention, which is therefore understood to be

limited only by the scope of the appended claims.
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ABSTRACT OF THE DISCLOSURE

A charging and equalizing method for a battery having a
control computer in a charging system in communication with a
plurality of module processors. Charging and equalization
pauses periodically for voltage measurement by the module
processors. The control computer determines when to equalize
battery cells in the modules based on their open circuit
voltages transmitted by the module processors. A selected group
of cells in each module can be equalized. Equalization is
carried out in the modules until all of the module processors
indicate that equalization has been completed. Charging can
then resume until charging is complete or cells reach a maximum
voltage given by the control computer. In an alternative
embodiment, a selected group of cells may be partially bypassed

while charging to reduce the charge rate of the cell.
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