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METHOD FOR DETERMINING THE
AMOUNT OF CHARGE WHICH CAN BE
DRAWN FROM A STORAGE BATTERY AND
MONITORING DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

Germany Priority Application DE 102 31 700.3-34, filed
Jul. 13, 2002, including the specification, drawings, claims
and abstract, is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a method for determining
the amount of charge which can be drawn from a storage
battery by measuring battery current values and battery
voltage values at least two points in time before or during a
rise phase and during or after a decay phase of a charging or
discharging operation. The invention also relates to a moni-
toring device for a storage battery with measuring means for
measuring battery voltage values and battery current values
and with evaluation means.

Numerous methods are known for determining and pre-
dicting the state of a storage battery by simple means during
the operation of the storage battery.

For example, DE 199 50 424 Al describes a method for
determining the starting capability of a starter battery of a
motor vehicle, in which the battery current and the battery
voltage are determined shortly before and during loading of
the starter battery by starting of the internal combustion
engine. The internal resistance and the amount of charge
drawn are calculated from the respective pairs of values of
the battery current and the battery voltage. A measure of the
availability of the starter battery during the starting opera-
tion is derived from the rate of rise of the internal resistance
against the amount of charge drawn.

DE 37 12 629 C2 describes a measuring device for
determining the remaining lifetime of a motor vehicle bat-
tery, which registers the battery voltage and the associated
load current value before and after starting for the first time
with the storage battery in the fully charged state. Moreover,
the temperature-compensated internal resistance is deter-
mined and stored in a memory. This initial temperature-
compensated internal resistance is compared with internal
resistance values which are determined for later starting
operations of the internal combustion engine by the motor
vehicle battery. The indication of the expected lifetime of the
storage battery takes place thereafter in dependence on given
stored threshold values.

It is known from WO 99/17128 to compare during the
starting operation the voltage values of neighboring voltage
minima, which occur on account of the compression and
decompression of the engine pistons of an internal combus-
tion engine started with the aid of the storage battery. The
difference between these values serves as a measure for an
indication of the state of the battery.

DE 39 01 680 C2 describes a method for monitoring the
cold starting capability of a starter battery of an internal
combustion engine, in which the variation over time of the
voltage drop across the connection terminals of the starter
for the internal combustion engine during the starting opera-
tion is observed and evaluated.

DE 198 47 648 A1 discloses a method for determining the
state of charge and the peak current loadability of storage
batteries, in which the no-load voltage is determined, the
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2

true open-circuit voltages are determined, with the variation
over time being taken into account in particular, the con-
verted amount of current is determined and the acid capacity
is determined. An indication as to the starting capability of
the storage battery is derived from this.

WO 00/04620 describes a system and a method for
observing the state of a storage battery which is installed in
a vehicle. An internal battery resistance and a polarization
resistance are calculated from the battery voltage and battery
current values determined during the starting of the engine.
In addition, a value for the state of charge SOC is deter-
mined. On the basis of these values and their rates of rise, the
battery state is analyzed and an indication given as to
whether the battery is still capable of starting the engine.

Although the methods and devices described above serve
for determining the suitability of a storage battery with
regard to the capability of starting an engine or ascertaining
the state of charge of a new battery, they do not allow an
indication to be given as to the amount of charge which can
be drawn from the storage battery, in particular for small
currents.

One issue with storage batteries is, however, that the
amount of charge Q which can be drawn when a storage
battery is fully charged can decrease due to various causes.
Consequently, the same amount of charge as in the new state
can no longer be drawn from a used storage battery. These
causes may be, for example, in the case of lead-acid storage
batteries, the loss of active mass due to sludge deposition,
sulfation or the like.

If, for example, the state of charge of a storage battery is
determined by measuring the open-circuit voltage, as is
possible for example in the case of a lead-acid storage
battery, this value does not allow any indication to be given
as to which amount of charge can still be drawn from the
storage battery if the latter is no longer in the new state. The
reason for this is that, although the state of charge is in this
case a measure of the amount of charge which can be drawn
from the acid, the amount of charge which still can be drawn
from the active mass only correlates with the amount of
charge in the acid in the new state.

With a definition of the state of charge SOC as a quotient
of the difference between the nominal amount of charge and
the amount of charge drawn with respect to the nominal
amount of charge

SoC = (nominal amount of charge — amount of charge drawn)

nominal amount of charge,

the state of charge SOC likewise does not provide a correct
indication as to the amount of charge Q which can be drawn
from the storage battery.

According to these definitions, the state of charge conse-
quently does not provide any indication as to the amount of
charge Q which can be drawn in the full state of charge.
Since in many technical applications the state of charge SOC
can only be determined by these methods, there is the need
for a method which determines the amount of charge Q
which can actually be drawn. There is also a need for a
device (e.g., a monitoring device) for use with a storage
battery that is capable of measuring battery voltage and
current values.
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SUMMARY

An exemplary embodiment relates to a method for deter-
mining the amount of charge which can be drawn from a
storage battery by measuring at least one of battery currents
and battery voltages at at least two points in time before or
during a rise phase and during or after a decay phase of a
charging or discharging operation. The method includes

determining a characteristic variable for the amount of
charge. The characteristic variable is derived from the
relationship of at least one battery voltage value from the
rise phase with respect to at least one battery voltage value
from the decay phase or from the relationship of at least one
battery current value from the rise phase with respect to at
least one battery current value from the decay phase.

Another exemplary embodiment relates to a monitoring
device for a storage battery. The monitoring device includes
means for measuring battery voltage values and battery
current values and evaluation means. The means for mea-
suring measures at least one of battery currents and battery
voltages at at least two points in time before or during a rise
phase and during or after a decay phase of a charging or
discharging operation. The evaluation means are configured
to determine a characteristic variable for the amount of
charge. The characteristic variable is derived from the
relationship of at least one battery voltage value from the
rise phase with respect to at least one battery voltage value
from the decay phase or from the relationship of at least one
battery current value from the rise phase with respect to at
least one battery current value from the decay phase.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in more detail below with
reference to the accompanying drawings, in which:

FIG. 1 shows a detail of a battery current profile for a
typical start of an internal combustion engine with a storage
battery;

FIG. 2 shows a hysteresis curve with a battery voltage
plotted against the battery current for two different [sic] aged
storage batteries of the same type;

FIG. 3 shows a diagram for the determination of the
available amount of charge from the characteristic variable
H for different battery temperatures; and

FIG. 4 shows a diagram for the determination of the
available amount of charge from the characteristic variable
H for different states of charge SOC.

DETAILED DESCRIPTION OF THE
PREFERRED AND EXEMPLARY
EMBODIMENTS

The present invention provides a method for determining
the amount of charge Q which can be drawn from a storage
battery by measuring battery current values and battery
voltage values at at least two points in time before or during
a rise phase and during a decay phase of a charging or
discharging operation, with which method a characteristic
variable H for the amount of charge Q which can be drawn
from a storage battery that is no longer in the new state can
be determined by simple measurement.

Such determination is achieved with the method of the
generic type according to the invention by determining a
characteristic variable H for the amount of charge Q which
can be drawn from the relationship of at least one battery
voltage value from the rise phase with respect to at least one
battery voltage value from the decay phase or from the
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4

relationship of at least one battery current value from the rise
phase with respect to at least one battery current value from
the decay phase.

It is therefore proposed to evaluate the behavior of the
hysteresis which is obtained by plotting the battery current
values and battery voltage values for preferably brief pulse-
like loading in the charging or discharging direction, and to
conclude from this the amount of charge Q which can be
drawn from the storage battery.

For this purpose, the battery current values and battery
voltage values are preferably determined simultaneously at
at least two points in time. It has been found that the
relationship of the battery current values for approximately
the same battery voltage value and also the relationship of
the battery voltage values for approximately the same bat-
tery current value is a measure of the amount of charge Q
which can be drawn. The same battery voltage values or
battery current values in the hysteresis curve are obtained
through the behavior over time during the loading, in that at
least a first measurement is carried out shortly before the
loading or during the rise phase of the loading and a second
measurement is carried out in the decay phase during the
decay of the loading or shortly after the loading.

The relationship for determining the characteristic vari-
able H may be, for example, the difference between two
battery voltages determined at different points in time, the
battery currents being approximately the same at the two
points in time. The relationship may, however, also be the
difference between two battery currents determined at dif-
ferent points in time for approximately identical battery
voltages.

However, it has also been found that the characteristic
variable H for the amount of charge Q which can still be
drawn can be determined from the relationship of the ratio
of the battery voltage determined at a first point in time
before or during a rise phase of the loading with respect to
the battery voltage determined at a second point in time after
or during a decay phase of the loading. In turn, the battery
currents should be approximately the same at the first and
second points in time. Equally, the relationship may also be
the ratio of the battery currents determined at a first point in
time and second point in time, the battery voltages being
approximately the same.

The hysteresis curve is evaluated in such a way that a
numerical value is fixed for one of the measured variables
(i.e., battery current or battery voltage), and the two asso-
ciated pairs of values of the other measured variable, respec-
tively (i.e., the battery voltage or battery current), are
determined from the hysteresis curve and set in relation to
one another.

In addition, it may be advisable for technical reasons to fix
a numerical value for the battery current or the battery
voltage separately in each case for the rise phase and the
decay phase. The pairs of values of the other measured
variable then obtained for different fixed numerical values
can then be set in relation to one another in an analogous
way. This procedure applies in particular in the case of a
linear progression of the hysteresis curve.

The battery voltage values or battery current values
during the rise phase and decay phase may also be set in
relation to one another by evaluation of the hysteresis
behavior. For this purpose, intelligent methods, such as
neural networks and fuzzy techniques, may be used, for
example, allowing an indication as to the amount of charge
Q which can be drawn to be ascertained on the basis of
specific points of the hysteresis curve. It is particularly
advantageous to derive the characteristic variable H from
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parameters of an equivalent circuit or some other model
which is adapted to the hysteresis curve.

For a storage battery used, for example, in a motor
vehicle, it is advantageous if the chosen points in time lie in
the starting phase of an internal combustion engine coupled
to the storage battery.

It is also conceivable to set in relation to one another the
battery voltage values which are obtained when the battery
current is approximately zero at the chosen points in time.

For carrying out the method, a battery voltage value or a
battery current value may be fixed and the associated other
measured variable, that is to say of the battery current or of
the battery voltage, determined by continuous monitoring
when the fixed value of the battery voltage or of the battery
current is reached.

As an alternative to this, continuous recording and storing
of the battery current values and battery voltage values as
hysteresis curves may also take place during loading. The
stored hysteresis curves are evaluated later for the determi-
nation of the characteristic variable H. Since, under some
circumstances, the measured values are sampled at time
intervals, it is advantageous to perform an interpolation,
extrapolation and/or regression of the determined battery
voltage values and battery current values, in order to deter-
mine battery voltages for given battery currents or battery
currents for given battery voltages with great accuracy.
These methods may also be used, however, to compensate
for possible measuring errors.

The predictive value for the amount of charge Q which
can be drawn derived from the characteristic variable H can
be improved by determination of the state of charge SOC of
the storage battery and/or the battery temperature and the
like, in that the characteristic value H is corrected by the
determined additional factors, such as state of charge SOC,
battery temperature, etc.

For this purpose, it is advantageous to learn and store
families of characteristics HLern for characteristic values of
a storage battery in the new state in dependence on the state
of charge SOC and the battery temperatures. The amounts of
charge Q which can be drawn are then determined from the
determined characteristic variable H,, for a momentary state
of charge SOC,, and a momentary battery temperature
TBat with a corresponding new-value characteristic vari-
able ”ﬁnew, which is determined from the family of charac-
teristics HLern for the momentary state of charge SOC,, and
the momentary battery temperature TBat,,.

It is particularly advantageous to calculate a coefficient of
measure J, for example as a difference between or ratio of
the determined characteristic variable H,, and the corre-
sponding characteristic variable H,,,,, in the new state for the
momentary state of charge SOC,,, and the momentary battery
temperature TBat,,. The amount of charge Q which can be
drawn is then determined with a family of characteristics for
values of the amount of charge which can be drawn, values
of the amount of charge which can be drawn being stored in
the family of characteristics in dependence on the states of
charge SOC, the battery temperature TBat and the coeffi-
cients of measure J.

According to the method mentioned above, the amount of
charge Q which can be drawn generally cannot be deter-
mined with adequate accuracy in the case of extremely short
and low loads and long-term loads. The time period between
the points in time of the battery voltage values or battery
current values set in relation should therefore be above a
defined minimum time period and be below a defined
maximum time period, that is to say, should lie within a
defined time window.
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A monitoring device of the generic type including evalu-
ation means may be provided or designed for carrying out
the method described above.

FIG. 1 reveals a detail of a battery current profile for a
typical start of an internal combustion engine. It is clear that
the battery current achieves a current maximum in a rela-
tively short time period. Subsequently, the battery current
slowly decays. The time period until the current maximum
is reached is defined as the rise phase An and the time period
after the current maximum is defined as the decay phase Ab.

Against this background, the invention is based on the
realization that the amount of charge Q which can be drawn
can be determined from a characteristic variable H, which is
defined as the relationship of battery voltage values U,, or
battery current values L,,, in the rise phase An with respect
to the corresponding values U,,, L,, in the decay phase Ab.

FIG. 2 shows a hysteresis curve for two typical, randomly
chosen and differently aged storage batteries of the same
type with an identical state of charge SOC for an identical
battery temperature TBat. The hysteresis curve is conse-
quently defined as the battery voltage UB plotted against the
battery current IB. The two selected storage batteries exhibit
amounts of charge Q which can be drawn differently.

For the determination of the amounts of charge Q, the
battery voltage U,,, is determined for a fixed battery current
IB in the rise phase An and decay phase Ab and the two
battery voltages U,,, and U,, are set in a relationship. This
produces the smaller characteristic variable H1 for the first
storage battery with a small loss of capacity and the greater
characteristic variable H2 for the second storage battery with
a large loss of capacity.

It is immediately clear from the hysteresis curve that the
characteristic variable H can be determined, for example,
from the difference between the battery voltage U,,, in the
rise phase An and the battery voltage U, in the decay phase
Ab. Equally, however, the ratio between the battery voltage
U,,, in the rise phase An with respect to the battery voltage
U,, in the decay phase Ab can also be calculated.

It is also clear from the comparison of the hysteresis
curves that the voltage dip, and consequently the internal
resistance, is not a measure of the amount of charge Q which
can still be drawn from the storage battery. Although the
storage battery 1 has suffered a smaller loss of capacity, it
shows a greater maximum voltage dip than the storage
battery 2 with the larger loss of capacity.

Rather, it is proposed in the case of the method according
to the invention to determine the characteristic variable H
for example by the formulas

H=U,,~Upy or H=U,,: U,

where the battery current value IB is fixed. The battery
voltage values U,, and U,, in the rise phase An and decay
phase Ab are the corresponding values of the hysteresis
curve for the fixed current value IB.

According to an alternative embodiment of the method,
the characteristic variable H can also be determined from the
relationship of two battery current values 1,,, 1,, for an
identical battery voltage UB.

In the event that no associated voltage values were
determined for the fixed current value IB or no associated
current values were determined for the fixed voltage value
UB, the battery voltage and battery current values can also
be determined by interpolation, extrapolation or regression.
These methods may also be used, however, to eliminate
measurement inaccuracies if measured values exist for the
fixed battery current value IB or battery voltage value UB.
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FIG. 3 shows a diagram illustrating the dependence of the
available amount of charge Q on battery temperature, in one
case the battery temperature TBat being less than 0° C.
(triangles) and in the other case the battery temperature TBat
being greater than 0° C. (circles). The state of charge SOC
and the battery current value IB for the determination of the
characteristic variable H are constant here. Each point
represents a specific battery with different aging in each
case.

Similarly, FIG. 4 shows a diagram from which the depen-
dence between the characteristic variable H and the amount
of charge Q which can be drawn is evident for two different
amounts of charge SOC1 and SOC2, the battery temperature
TBat and the battery current IB for the determination of the
characteristic variable H being constant. The state of charge
SOC1 is in this case less than the state of charge SOC2
(SOC1 less than SOC2).

It is clear that a unique, and in this case even linear,
relationship exists between the characteristic variable H and
the amount of charge Q which can be drawn, with respect to
the new state. On the basis of this relationship, it is possible
that the amount of charge Q which can be drawn can be
determined directly based on the characteristic variable H.

In this case, a correction of the characteristic value H is
advantageously performed by the state of charge SOC
and/or the battery temperature TBat. This correction may be
performed for example by empirical or mathematical record-
ing of families of characteristics or mathematical functions.
These methods may also be used, however, to eliminate
measurement inaccuracies, for example, if measurement
results are determined by simulation calculations. Also, the
methods may be used, if measurement results are deter-
mined.

The characteristic variable H can also be advantageously
learned by intelligent signal processing in dependence on the
state of charge SOC and the battery temperature TBat for a
storage battery in the new state. In the learning process, a
family of characteristics HLern is then produced, for
example, in dependence on the state of charge SOC and the
battery temperature TBat. When the storage battery is no
longer in the new state, a determined characteristic variable
H,, for a state of charge SOC,, and any desired battery
temperature TBat,, is later compared with the learned char-
acteristic value H,,, in the new state, which is determined
on the basis of the state of charge SOC,, and the battery
temperature TBat,,,, for example from the learned family of
characteristics HLern. The result of this comparison is a
coefficient of measure J, which may be, for example, the
difference between or the ratio of H,, and H, ,,,

J=H,-H,,, orJ=H,H

new.

This coefficient of measure J together with the values of
the state of charge SOC,, and the battery temperature TBat,,
and, for example, a family of characteristics for character-
istic variables Q in dependence on the state of charge SOC,
the battery temperature TBat and the coefficient of measure
J then produces the amount of charge Q which can be drawn
from the storage battery.

It is important to note that the construction and arrange-
ment of the elements of the energy store as shown and
described in the preferred and other exemplary embodiments
is illustrative only. Although only a few embodiments of the
present inventions have been described in detail in this
disclosure, those skilled in the art who review this disclosure
will readily appreciate that many modifications are possible
without materially departing from the novel teachings and
advantages of the subject matter recited herein. It should be
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noted that the elements and/or assemblies of the system may
be constructed from any of a wide variety of materials that
provide sufficient strength or durability. Other substitutions,
modifications, changes and omissions may be made in the
design, operating conditions and arrangement of the pre-
ferred and other exemplary embodiments without departing
from the scope of the present invention.

What is claimed is:

1. A method for determining the amount of charge which
can be drawn from a storage battery by measuring at least
one of battery currents and battery voltages at at least two
points in time before or during a rise phase and during or
after a decay phase of a charging or discharging operation,
the method comprising:

determining a characteristic variable for the amount of

charge, the characteristic variable being derived from
the relationship of at least one battery voltage value
from the rise phase with respect to at least one battery
voltage value from the decay phase or from the rela-
tionship of at least one battery current value from the
rise phase with respect to at least one battery current
value from the decay phase.

2. The method of claim 1 wherein the step of determining
the characteristic variable comprises deriving the character-
istic variable from the relationship of two battery voltage
values which were respectively determined in the rise phase
and decay phase for a fixed numerical value for the battery
current.

3. The method of claim 1 wherein the step of determining
the characteristic variable comprises deriving the character-
istic variable from the relationship of two battery current
values which were respectively determined in the rise phase
and decay phase for a fixed battery voltage.

4. The method of claim 1 wherein the step of determining
the characteristic variable comprises deriving the character-
istic variable from the relationship of two battery voltage
values which were respectively determined in the rise phase
and decay phase for approximately identical battery current.

5. The method of claim 4 wherein the relationship is the
difference between two battery voltages determined at dif-
ferent points in time, the battery currents being approxi-
mately identical at the two points in time.

6. The method of claim 1 wherein the step of determining
the characteristic variable comprises deriving the character-
istic variable from the relationship of two battery current
values which were respectively determined in the rise phase
and the decay phase for an approximately identical battery
voltage.

7. The method of claim 6 wherein the relationship is the
difference between two battery currents determined at dif-
ferent points in time, the battery voltages being approxi-
mately identical at the two points in time.

8. The method of claim 1 wherein the relationship used to
derive the characteristic variable is the ratio of a battery
voltage determined at a first point in time before or during
the rise phase of the loading with respect to a battery voltage
determined at a second point in time after or during the
decay phase, wherein the storage battery has a current that
is approximately the same at the first and second points in
time.

9. The method of claim 1 wherein the relationship use to
derive the characteristic variable is the ratio of a battery
current determined at a first point in time before or during
the rise phase with respect to a battery current determined at
a second point in time after or during the decay phase,
wherein the storage battery has a voltage that is approxi-
mately the same at the first and second points in time.
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10. The method of claim 1 wherein the at least one of the
two points in time lie in the phase of starting an internal
combustion engine coupled to the storage battery.

11. The method of claim 1 wherein the storage battery has
a current that is approximately zero at at least one of the two
points in time.

12. The method of claim 1 further comprising continu-
ously recording and storing of battery current values and
battery voltage values as hysteresis curves during loading.

13. The method of claim 12 further comprising evaluating
the stored hysteresis curves for the determination of the
characteristic variable.

14. The method of claim 1 further comprising at least one
of interpolating and extrapolating battery voltage values and
battery current values to determine battery voltages for
given battery currents or for the determination of battery
currents for given battery voltages.

15. The method of claim 1 further comprising determining
at least one of a state of charge of the storage battery and a
battery temperature of the storage battery.

16. The method of claim 15 further comprising correcting
the characteristic variable utilizing at least one of the state of
charge of the storage battery and the battery temperature of
the storage battery.

17. The method of claim 15 further comprising learning
and storing families of characteristics for characteristic
variables of a storage battery in a new state in dependence
on the state of charge and the battery temperatures.

18. The method of claim 17 further comprising determin-
ing the amount of charge which can be derived from the
characteristic variables for a momentary state of charge and
a momentary battery temperature with a corresponding
nominal value characteristic variable which is determined
from the family of characteristics for the momentary state of
charge and the momentary battery temperature.

19. The method of claim 15 further comprising calculat-
ing a coefficient of measure as a difference between or ratio
of the determined characteristic variable and the correspond-
ing characteristic variable in the new state for the momen-
tary state of charge and the momentary battery temperature.

20. The method of claim 19 further comprising determin-
ing the amount of charge which can be drawn with a family
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of characteristics for values of the amount of charge which
can be drawn, which are stored in the family of character-
istics in dependence on states of charge, battery temperature,
and coefficients of measure.

21. The method of claim 1 further comprising correcting
the characteristic variable utilizing a charge capacity drawn
from the storage battery over a defined time period.

22. The method of claim 1 wherein the determination of
the characteristic variable takes place when the time period
between the two points in time is above a defined minimum
time period and below a defined maximum time period.

23. The method of claim 1 further comprising comparing
the characteristic variable with given families of character-
istics for amounts of charge which can be drawn in depen-
dence on the states of charge, battery temperatures and
characteristic variables.

24. The method of claim 1 further comprising determining
the characteristic variable from parameters of an equivalent
circuit or model, the parameters being determined by adap-
tation of the equivalent circuit or model to at least one of the
battery current values and battery voltage values in the rise
phase and decay phase.

25. A monitoring device for a storage battery comprising:

means for measuring battery voltage values and battery

current values; and

evaluation means;

wherein the means for measuring measures at least one of

battery currents and battery voltages at at least two
points in time before or during a rise phase and during
or after a decay phase of a charging or discharging
operation; and

wherein the evaluation means are configured to determine

a characteristic variable for the amount of charge, the
characteristic variable being derived from the relation-
ship of at least one battery voltage value from the rise
phase with respect to at least one battery voltage value
from the decay phase or from the relationship of at least
one battery current value from the rise phase with
respect to at least one battery current value from the
decay phase.
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