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(57) ABSTRACT 

ProceSS for monitoring the residual charge and the capacity 
of a battery, where at least two Voltage-current measure 
ments have been carried out on the load-carrying battery. 

The current load of the battery selected here should be 
greater than 30% of the nominal capacity per hour, e.g. for 
a 100 Ah battery, at least 30 amperes. The initial voltage 
current measurement is taken at an initial time for an initial 
load condition of the battery. A Second Voltage-current 
measurement is carried out at a Second time for a Second 

load condition of the battery. It is essential here that the load 
condition of the battery has changed because of the current 
that has been drawn. The current-Voltage measurements 
produce an initial measuring point and a Second measuring 
point. The two measuring points Set an interpolation line and 
determine the point of interSection with a limiting Voltage 
level (U). This point of intersection is marked by a 
So-called limiting current (I). The limiting voltage level is 
decided from the minimum Voltage required by the con 
nected consumers in order for them to operate fault-free. The 
limiting Voltage level is therefore stipulated for the technical 
layout of the battery System and is known. Furthermore, 
fault-free operation of the connected consumerS requires a 
minimum operating current (I), which is also specified 
and known as a design parameter of the battery System. The 
difference between the determined limiting current I and 
the minimum operating current It is determined and 
recorded. This difference is a dimension for the residual 
charge of the battery that is still available and in accordance 
with the invention is here designated as the limiting current 
CSCWC. 
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PROCESS FOR MONITORING THE RESIDUAL 
CHARGE AND CAPACITY OFA BATTERY 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This Application claims the priority of German 
Application No. 19960 761.3, filed Dec. 16, 1999, which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The invention concerns a process in accordance 
with a proceSS for monitoring the residual charge and the 
capacity of a load-carrying battery System with a limiting 
Voltage level and a minimum current. 
0.003 Battery monitoring systems that determine the state 
of charge of the battery in the current-free condition of the 
battery are well-known. Systems of this type utilise the 
largely linear dependency of the open-circuit Voltage on the 
acid density of the electrolyte. This acid density changes in 
proportion to the amount of charge that has already been 
drawn from the battery. These systems can determine the 
charging condition of the battery when the battery has been 
current-free for a number of hours and the internal diffusion 
processes have calmed down. 
0004 Furthermore, it is known from the dissertation on a 
process to estimate the internal values of Starter batteries by 
Steffens.W. (“Verfahren Zur Schatzung der Inneren Grö?en 
von Starterbatterien”), RWTH Aachen 1987, how to esti 
mate the values of battery condition from examining a 
model. These values of battery condition also cover the 
open-circuit Voltage of the battery. Although this model 
operates in the current carrying condition of the battery, no 
information is available on the remaining energy content of 
the battery. Also, the formation of the model is extremely 
complex and in practice, therefore, it has not won recogni 
tion. 

SUMMARY OF THE INVENTION 

0005. It is therefore the object of the invention to provide 
a process to monitor a battery, that firstly allows the battery 
to be monitored without enforcing rest periods and Secondly 
and Simultaneously allows the remaining energy content of 
the battery to be determined. 
0006 According to the invention, this task is solved by 
the characterising features of the independent claim. Addi 
tional advantageous embodiments are contained in the Sub 
claims. 

0007 According to the invention, this is achieved by 
carrying out at least two current-voltage measurements on 
the load-carrying battery. The current load of the battery 
selected here should be greater than 30% of the nominal 
capacity per hour, e.g. for a 100 Ah battery, at least 30 
amperes. The initial current-Voltage measurement will be 
measured at an initial time for an initial load condition of the 
battery. A Second current-Voltage measurement will be car 
ried out at a Second time for a Second load condition of the 
battery. It is essential here that the load condition of the 
battery has changed because of the current that has been 
drawn. The current-Voltage measurements produce an initial 
measuring point and a Second measuring point. The two 
measuring points Set an interpolation line and determine the 
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point of intersection with a limiting Voltage level (U). This 
point of interSection is marked by a So-called limiting 
current (I). The limiting voltage level is decided from the 
minimum Voltage required by the connected consumers in 
order for them to operate fault-free. The limiting Voltage 
level is therefore stipulated for the technical layout of the 
battery System and is known. Furthermore, fault-free opera 
tion of the connected consumerS requires a minimum oper 
ating current (I), which is also specified and known as a 
design parameter of the battery System. The difference 
between the determined limiting current I and the mini 
mum operating current It is determined and recorded. This 
difference is a dimension for the residual charge of the 
battery that is still available and in accordance with the 
invention, is here designated as the limiting current reserve. 
0008 Primarily, the invention achieves the following 
advantages: 

0009. The limiting current reserve can be determined 
from a battery that is carrying current. This means that 
battery monitoring can also be carried out on Systems that 
are operated continuously and thus do not allow open-circuit 
measurement of battery Voltage. A typical example of this 
type of System in a vehicle is a taxi that is in use 24 hours 
a day. With a taxi of this type, conventional battery moni 
toring Systems cannot function. The taxi driver does not 
receive any information on the imminent collapse of his 
vehicle electrical system and thus the failure of a number of 
relevant Safety devices, Such as anti-lock Systems, airbags, 
electronic Stabilisation programs, Seatbelt pretensioning Sys 
tems, level control Systems, etc. The conventional charging 
current indicator lamp only gives information about the 
direction of current between the generator and the battery. 
However, with the charging current indicator lamp, it is not 
possible to make a diagnosis of the battery condition to 
anticipate the imminent collapse of the vehicle electrical 
system or whether there is still sufficient energy available for 
the systems relevant to safety. This will only become pos 
Sible with the proceSS according to the invention. 

0010. The limiting current reserve takes into consider 
ation in a Single dimension the influences relevant for 
battery diagnosis, Such as the battery temperature, the aver 
age discharge current of the battery and the battery ageing 
condition. 

0011. The limiting current reserve is not affected by the 
diffusion processes or by other non-linearities of the battery, 
which in the case of Small discharge currents, have a drastic 
effect on the battery Voltage situation, and thus make it 
possible to obtain reliable and quantifiable information 
about the residual charge of the battery. 
0012 Determining the limiting current reserve by means 
of the limiting current (I) evaluates the battery capacity in 
the fringe range of operability of the connected consumer 
System. The limiting current reserve thus allows a Safety 
estimation, that the connected consumer System will not fail 
even in critical load conditions. This is a great advantage, 
particularly with regard to the aforementioned devices in a 
vehicle that are relevant to Safety, as their presumably 
perfect function can be reliably forecast with the limiting 
Current reServe. 

0013 Furthermore, the process according to the inven 
tion allows a maximum output to be specified that can Still 
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be drawn from the battery without falling below the limiting 
voltage level, by adding the limiting voltage level (U) and 
the limiting current (I). 

BRIEF DESCRIPTION OF THE DRAWING 

0.014 Below, typical embodiments of the invention are 
described and explained in more detail by reference to a 
drawing. 

0.015 FIG. 1 shows a diagram of the correlation between 
the limiting Voltage level (U), the limiting current (I) 
and the current-Voltage characteristics of the battery, during 
different battery charging conditions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0016 FIG. 1 is used to explain the invention and in 
particular the limiting current reserve, by means of 
examples. FIG. 1 shows a typical group of current-voltage 
characteristics for a battery with different charging condi 
tions. The number 1 identifies the characteristic curve for a 
fully charged battery. Characteristic curve 1 of a fully 
charged battery Stands out because of its flat course. In other 
words, Voltage U at the battery terminals decreaseS relatively 
little as load current I increases. AS the battery becomes 
increasingly discharged or ages more, the course of current 
Voltage characteristics 2, 3, 4 and 5 gets ever Steeper, until 
finally, current-voltage characteristic 5 intersects limiting 
voltage level U at minimum current I. A battery in this 
condition is classified as dead. To determine the limiting 
current reserve of a battery with a charging condition that 
corresponds to characteristic curve 3, the procedure is as 
follows. 

0.017. An initial current-voltage measurement is taken at 
an initial time T for an initial load condition of the battery. 
A Second Voltage-current measurement is carried out at a 
Second time T for a Second load condition of the battery. It 
is essential here that the load condition of the battery has 
changed because of the current that has been drawn. In 
addition to this, the load current of the battery must have 
been greater than 30% of the nominal capacity KN per hour. 
The current-voltage measurements produce an initial mea 
Suring point M and a Second measuring point M. The two 
measuring points M and M Set an interpolation line 3 and 
determine the point of interSection S3 with a limiting Voltage 
level (U). This point of intersection is marked by a 
So-called limiting current I. The limiting Voltage level is 
determined from the minimum Voltage required by the 
connected consumers in order for them to operate fault-free. 
The limiting voltage level is therefore stipulated for the 
technical layout of the battery System and is known. Fur 
thermore, fault-free operation of the connected consumers 
requires a minimum operating current I, which is also 
Specified and known as a design parameter of the battery 
system. The difference between the determined limiting 
current Ic and the minimum operating current It is deter 
mined and recorded. This difference is a dimension for the 
residual charge of the battery that is still available and 0 
according to the invention is here designated as the limiting 
current reserve. In the same way, interSection points S and 
S can be determined from characteristic curves 2 and 4. It 
is obvious that as the battery becomes increasingly dis 
charged, interSection points S2, S and S move further to the 
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left towards the minimum operating current I, shown 
symbolically by Arrow 6. The limiting current reserve 
determined in accordance with the invention therefore cor 
rectly describes the decreasing charging condition of the 
battery. In particular, the limiting Voltage reaches the value 
0, when the limiting current I coincides with the minimum 
current It, as is the case with characteristic curve 5. 
Therefore the limiting voltage reserve for a battery that is 
dead in accordance with the definition yields the value 0.p 

0018 Typically the two measuring points M and M are 
established at two times which are approximately 15 to 20 
mS apart. 

0019. In a further typical embodiment in accordance with 
the invention, the limiting current reserve is determined by 
establishing each relevant current-voltage characteristic of 
the battery through a large number of Voltage-current mea 
Surements at different load conditions. This large number of 
measuring points allows a mean Straight line to be set, e.g. 
by the known regression method and the limiting current is 
again determined as the interSection point of this mean 
Straight line with the limiting Voltage level. 

0020. In a further embodiment, the limiting current 
reserve is determined from continuous observation of the 
current-Voltage characteristic of the battery. This can be 
done by using known, So-called State observers, e.g. L 
tienberg observers or Kalman filters. These state observers 
decide the Slope and the intercept of an ordinate of the mean 
Straight line for the current-Voltage characteristic. The lim 
iting current reserve is again decided as previously 
described, from the interSection point of this mean Straight 
line with the limiting Voltage level. A particularly advanta 
geous feature of this embodiment is the fact that the limiting 
current and thus the limiting current reserve are always 
determined for the immediate battery condition, that is to 
Say, in real time. 

0021. In all the embodiments, the residual charge Q. of 
the battery can be inferred from the limiting current reserve. 
In the Simplest case, it is assumed that there is a linear 
correlation between the limiting current reserve and the 
residual charge of the batteries. Residual charge 0 is reached 
when the limiting current reserve has the value 0. The full 
charge of the battery corresponds to the limiting current 
reserve, which for a fully charged battery is determined 
under specified nominal conditions (e.g. with regard to the 
temperature). By deciding the relevant limiting current 
reserve in each case and comparing it with the two previ 
ously mentioned and decided boundary values, you obtain a 
dimension for the relevant charging condition of the battery. 
If a linear correlation between the limiting current reserve 
and the residual charge Q is assumed, the quotient from 
the relevant limiting current reserve and the limiting current 
reserve for the fully-charged battery indicates the relevant 
charging condition of the battery in proportional parts of the 
full charge. 

0022. A more precise determination of the residual 
charge of the battery from the limiting current reserve results 
from the following relation: 
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(lar - limin) 
dior (...) 

Limiting Current Reserve 

QRest 2 

QRest > MaximumLimiting Current Slope 

0023. Here the maximum limiting current slope 

(). 
0024 is determined by experiment. The limiting current 
Slope is a battery parameter. The limiting current slope is 
decided from a large number of load measurements, for 
which the limiting currents are decided in each case. From 
one load measurement to the next load measurement, the 
battery is discharged by a defined amount of charge in each 
case and the limiting current is determined for each charging 
condition. The limiting currents determined are plotted by 
the amounts of charge drawn and the measuring points 
obtained in this way are approximated by a curve. The 
maximum slope of the curve then yields the maximum 
limiting current Slope described here. 
0025. According to the relations already cited, this pro 
duces a minimum estimation for the residual charge Q. 
Still available in the battery. According to this, the residual 
charge of the battery is greater than or the same as the 
amount of charge given by the quotients from the limiting 
current reserve and the maximum limiting current Slope. 
0026. At constant battery load, the residual discharging 
time still available can be inferred from the residual charge 
Q, by dividing the residual charge by the attendant load 
current. From the comparison of the residual discharging 
time with the minimum discharging time required for a 
Specific function, it is possible to derive the advantage of 
knowing how long the battery in its present charging con 
dition is in the position of being able to provide the requisite 
energy for the consumerS actually connected. This is a 
particularly great advantage in vehicles, when the proper 
operation of the Safety functions that have already been cited 
as examples has to be guaranteed. 
0027. With all these embodiments, the calculation accu 
racy of the limiting current is crucially important. This 
accuracy is greater, the larger the difference in the load 
current between the initial measurement to decide the lim 
iting current reserve and the Second measurement to decide 
the limiting current reserve. In other words, operating con 
ditions during which there are major load changes for the 
battery and thus major current changes, are particularly 
advantageous for implementing the embodiments in accor 
dance with the invention. Major load changes of this type 
occur with a vehicle during the Starting operation, for 
example. It is therefore particularly advantageous to imple 
ment the embodiments in accordance with the invention 
when Starting a vehicle. 
0028. Furthermore, in a vehicle electrical system, it is 
possible for there to be major load changes caused by 
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temporarily Switching powerful consumers on or off. Major 
load changes are caused, for example, by the Starting or 
Stopping operation of heat consumers (rear Screen heater, 
independent vehicle heating in the cooling circuit, heated 
Seats, static heating, etc.). The limiting current reserve and 
the residual charge of the battery, the residual discharging 
time or the minimum charging time, are then decided as 
previously described. 
0029. A further way in which major load changes and 
thus different load conditions can be brought about deliber 
ately in the vehicle electrical System by Switching operations 
is by temporarily Switching off the vehicle electrical System 
generator or by varying the generator excitation. Compared 
to Switching consumers on and off, alteration of the genera 
tor Voltage has the advantage that it is possible to dispense 
with Switching on an additional function that might not be 
required or needed, to deliberately cause a load change in the 
vehicle electrical System. So, if the generator Voltage is 
altered on hot days in Summer, for example, there is no need 
to Switch on any independent heating, just to bring about a 
load change. The limiting current reserve and the residual 
charge of the battery, the residual discharging time or the 
minimum charging time are then decided as previously 
described. 

0030. In individual cases, it can also be an advantage to 
deliberately cause a repeated load change in the vehicle 
electrical System. A repeated load change is particularly 
useful if the mean curve of the current-Voltage characteristic 
of the battery is to be established from a large number of 
measuring points to decide the limiting current reserve. In 
this case, a current-Voltage characteristic measuring point is 
established for each load condition. The number of possible 
measuring points here is dependent on the number of 
deliberately causable load conditions. In order to be able to 
establish as large a number of measuring points as possible, 
it is therefore an advantage to combine the two previously 
described options, that is to Say, varying the generator 
Voltage and Switching consumers on and off, as this pro 
duces the largest number of possible load changes and load 
conditions that can be called upon to decide battery param 
eters, in accordance with the invention. The limiting current 
reserve and the residual charge of the battery, the residual 
discharging time or the minimum charging time are then 
decided as previously described. 

What is claimed is: 
1. A proceSS for monitoring the residual charge and the 

capacity of a load-carrying battery in a battery System with 
a limiting Voltage level (U) and a minimum current (I 
where: 

min) 

at least at an initial time (T) at least an initial voltage 
current-measurement is carried out for an initial load 
condition of the battery and at least an initial measuring 
point (M) is determined, 

at least at a second different time different (T) at least a 
Second Voltage-current measurement is carried out for 
a Second load condition of the battery and at least a 
Second measuring point (M) is determined, 

the measuring points (M and M) are always determined, 
at a load condition of the battery that is greater than 
30% of the nominal capacity per hour (KN/h), the 
measuring points (M1 and M) set a mean curve (3) and 



US 2001/0020849 A1 

the point of intersection (S) with the limiting Voltage 
level (U) is determined and the associated limiting 
current (I) is determined, 

the differences between the limiting current (I) and the 
minimum current (I) determines a limiting current 
reserve as the dimension for the residual charge avail 
able in the battery. 

2. Process according to claim 1, wherein the mean curve 
is an interpolation line. 

3. Process according to claim 1, wherein the mean curve 
is obtained by the measuring points (M1 and M) from a 
large number of measuring points. 

4. Process according to claim 3, wherein a mean Straight 
line is set by the large number of measuring points. 

5. Process according to claim 1, wherein the mean curve 
is decided by the continuous observation of the current 
Voltage characteristic and a mean Straight line is decided by 
means of a State observer. 

6. Process according to claim 5, wherein the State 
observer is a Llienberg observer or a Kalman filter. 

7. Process according to claim 1, wherein adding the 
limiting voltage level (U) and the limiting current (I) are 
added to determine a dimension for a maximum output that 
can still be drawn from the battery, without falling below the 
limiting voltage level (U). 

8. Process according to claim 1, wherein a ratio is formed 
as a dimension for the residual charge (Q) of the battery 
in relation to the nominal charge from each relevant limiting 
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current reserve and limiting current reserve for a fully 
charged battery, at nominal conditions. 

9. Process according to claim 1, wherein a ratio is formed 
as a dimension for the residual charge (Q) of the battery 
from the limiting current reserve and the maximum limiting 
current Slope. 

10. Process according to claim 8, wherein the residual 
charging time of the battery is determined from the residual 
charge (Q) of the battery by dividing it with the relevant 
load current. 

11. Process according to one of claim 1, wherein it is 
carried out during the Start operation of a vehicle. 

12. ProceSS according to claim 1, wherein the battery and 
battery System are in a vehicle and the load condition of the 
vehicle electrical System is altered by deliberate load chang 
ing, by Switching powerful consumers in the vehicle elec 
trical System on and off. 

13. ProceSS according to claim 1, wherein the battery and 
battery System are in a vehicle and the charging condition of 
the vehicle electrical system is deliberately altered by vary 
ing the generator Voltage. 

14. Process according to one of claims 1, wherein the 
battery and battery System are in a vehicle and the load 
condition of the vehicle electrical system is deliberately 
altered, both by altering the generator Voltage and by Switch 
ing powerful consumers on and off. 


