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(57) ABSTRACT 

A method for measuring ?tness for use of a storage battery 
subject to electric loading including determining a load 
pro?le (current pro?le I(t) or poWer pro?le P(t)) as a 
function of time t, for the storage battery, recording an actual 
voltage response U(t) of the storage battery to the load 
pro?le or calculating a voltage response U(t) of the storage 
battery to the load pro?le, and determining a ?tness for use 
value SOH for the storage battery based on the difference 
betWeen a loWest (highest) voltage value Umin (UmaX) 
during application of the load pro?le to the storage battery, 
and based on a voltage limiting value U1, Wherein U1 is a 
voltage value Which may not be undershot (overshot) by the 
voltage U(t) at any time t during Which the load pro?le is 
applied to the storage battery. 
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METHOD FOR MEASURING FITNESS FOR USE 
OF A STORAGE BATTERY SUBJECT TO 

ELECTRIC LOADING 

FIELD OF THE INVENTION 

[0001] This invention relates to a method for measuring 
the ?tness for use of a storage battery in the case of electric 
loading of the storage battery. 

BACKGROUND 

[0002] It is particularly important for users of batteries to 
knoW the state of charge and high-current loadability of the 
batteries. For example, the state of charge and the aging 
state, or the drop in capacity beginning to be shoWn by the 
battery, are decisive for the ability of a starter battery to start 
a motor vehicle having an internal combustion engine, since 
the current strength Which can be draWn from the starter 
battery, or the poWer output thereof, is limited by such 
ability. It is particularly important to determine the state of 
charge or the starting ability of a battery in cases in Which, 
for example, intermittent engine operation occurs. This is 
because, in times of engine standstill, the vehicle electrical 
netWork, With its consumers of electricity, continues to 
operate even though the generator is not generating current. 
Monitoring the charge and starting ability of the battery must 
ensure in such cases that the energy content of the battery 
remains sufficient to start the engine. 

[0003] The most varied methods are knoWn for measuring 
the state of charge of storage batteries. In many cases, 
integrated measuring instruments are used (Ah meters), 
account being taken of the charging current, if appropriate 
With evaluation using a ?xed charging factor. Since the 
useful capacity of a battery depends strongly on the mag 
nitude of the discharging current and the temperature, these 
methods are also incapable of providing satisfactory state 
ments on the useful capacity Which can still be extracted 
from the battery. 

[0004] For example, it is knoWn from DE-C 2242510 to 
use a factor Which depends on the temperature and the state 
of charge of the battery itself to evaluate the charging current 
With the use of a method for measuring the state of charge. 

[0005] DE-A 4007883 discloses a method in Which the 
starting ability of a storage battery is determined by a 
measurement of storage battery voltage and battery tem 
perature and comparison With a family of state of charge 
curves valid for the type of battery to be checked. 

[0006] DE-A 19543874 discloses a method of calculation 
for the discharging characteristic and measurement of the 
residual capacity of a battery in the case of Which current, 
voltage and temperature are likewise measured, the dis 
charging characteristic being approximated by a mathemati 
cal function With a curved surface. 

[0007] DE-C 3901680 describes a method for monitoring 
the cold starting ability of a starter battery, Wherein the 
starter battery is temporarily loaded With a resistor, the 
voltage dropping across the resistor is measured, and it is 
established therefrom by comparison With empirical values 
Whether the cold starting ability of the battery is still 
sufficient. The starting operation serves in this case to load 
the starter battery. 
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[0008] Finally, DE-A 4339568 discloses a method for 
determining the state of charge of a motor vehicle starter 
battery Wherein the battery current and open-circuit voltage 
are measured and used to infer the state of charge, the battery 
temperature also being taken into account in addition. In this 
case, the charging currents measured during various time 
intervals are compared and a residual capacity is determined 
therefrom. 

[0009] HoWever, determining the state of charge does not 
alWays suf?ce, in particular, since it is to be taken into 
account, for example, that in the case of a greatly aged 
battery the voltage Will collapse upon loading despite an 
adequate state of charge and, thus, the usefulness of the 
battery is not ensured. 

[0010] Accordingly, it Would be advantageous to be able 
to determine the characteristic of the battery Which goes 
beyond establishing the battery charge and from Which it is 
possible to infer the battery’s ?tness for use. 

SUMMARY OF THE INVENTION 

[0011] The invention relates to a method for measuring 
?tness for use of a storage battery subject to electric loading 
comprising: determining a load pro?le (current pro?le I(t) or 
poWer pro?le P(t)) as a function of time t for the storage 
battery; recording an actual voltage response U(t) of the 
storage battery to the load pro?le or calculating a voltage 
response U(t) of the storage battery to the load pro?le; and 
determining a ?tness for use value SOH for the storage 
battery based on the difference betWeen a loWest (highest) 
voltage value Umin (Umax) during application of the load 
pro?le to the storage battery, and based on a voltage limiting 
value U1, Wherein U1 is a voltage value Which may not be 
undershot (overshot) by the voltage U(t) at any time t during 
Which the load pro?le is applied to the storage battery. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] The draWing is a graph of U(t) and I(t) versus time. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] The folloWing description is intended to refer to 
speci?c embodiments of the invention illustrated in the 
draWing and described herein and is not intended to de?ne 
or limit the invention, other than in the appended claims. 

[0014] The method according to the invention determines 
the ?tness for use, also referred to hereinafter as “SOH” 
(state of health), of an electric storage battery for a speci?c 
application as a function With a continuous value range, the 
determined value resulting from comparison of the voltage 
of the storage battery during loading With a concrete load 
pro?le With a limiting value for this voltage as Well as, if 
appropriate, the desired value (neW value). 

[0015] A graduated quanti?cation of the ?tness for use 
With a continuous value range of a measured variable SOH 
goes far beyond a purely binary statement 

[0016] the ef?ciency is still sufficient to ful?l the 
operationally determined function, or 

[0017] the efficiency is no long suf?cient for the 
purpose. 
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[0018] The substantially constant determination of this 
continuously measured variable and the observation of the 
time variation of its value further permit the use of math 
ematical methods such as the formation of mean values, 
differentiation With respect to time, determination of points 
of in?ection, calculation of trends and the like. This is 
something that is not possible in the case of discrete state 
ments on the availability of a storage battery. 

[0019] The method according to the invention evaluates 
the ?tness for use of an electric storage battery not in a 
blanket fashion, but in concrete terms for a speci?c appli 
cation. The point is that a storage battery can already no 
longer be suitable (that is to say the end of its service life has 
been reached) for a demanding application With a high 
poWer requirement or With poWer requirements under 
unsuitable operating conditions (such as, for eXample, loW 
temperatures or a loW state of charge), While it remains 
eminently suitable for less demanding applications. This 
differential consideration of the ?tness for use ensures the 
respective function and simultaneously avoids premature 
and, therefore, unnecessary replacement of the storage bat 
tery. 
[0020] Atypical application of storage batteries is loading 
With an electric current I(t) or an electric poWer P(t), the load 
being capable of acting either in the charging direction or 
discharging direction, or even of comprising both directions, 
and its value being a function of time t. This load pro?le I(t) 
or P(t) characteristic of the concrete application is used 
according to the invention as criterion for quantifying the 
availability. 
[0021] The voltage of the storage battery changes under 
the load I(t) or P(t), speci?cally to higher values in the case 
of charging and loWer values in the case of discharging. 
HoWever, the technically permissible or sensible voltage 
values are limited, speci?cally above by the maXimum 
charging voltage of the storage battery (Which depends in the 
individual case on the type of battery, temperature and state 
of charge, among other things) and beloW by the function 
ality of the component(s) Which are supplied With electric 
poWer by the storage battery. 
[0022] It is mostly the loading of the storage battery in the 
discharging direction Which is considered beloW. HoWever, 
the invention is not limited thereto but, of course, embraces 
loads in the charging direction as Well as combinations of 
charging and discharging loads. In the case of discharging, 
there is a loWer voltage threshold U1, Which may not to be 
undershot under load I(t) or P(t), to ensure the functional 
reliability of a component. Thus, a storage battery Whose 
voltage is at all times higher than U1 under this load is ?t for 
use Within the meaning of the invention. The smallest 
voltage value occurring under this load is denoted by Umin. 
[0023] If Umin reaches precisely the threshold value U1 
Without undershooting it, the storage battery is assigned the 
?tness for use value SOH=0. In particular, a neW battery has 
a minimum voltage value Umin=Umin* under this load, 
Which is greater than U1: Umin*>U1. OtherWise, this neW 
battery Would itself be unsuitable in the neW state for the 
concrete application. A storage battery With a minimum 
voltage value Umin* under the load is assigned the ?tness 
for use value SOH=1 (or, alternatively, 100%). 
[0024] For storage batteries With another minimum volt 
age value Umin under the de?ned load I(t) or P(t) the 
folloWing ?tness for use is generally assigned: 
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[0025] it being possible for the sake of simplicity to 
perform the scaling in a linear fashion using the folloWing 
formula, Without thereby excluding other, nonlinear scalings 
from the invention: SOH=(Umin—U1)/(Umin*—U1). 

[0026] These relationships are illustrated schematically in 
the draWing, in Which curve 1 illustrates a speci?c current 
pro?le I(t), curve 2 the behavior of a neW battery, curve 3 the 
behavior of a battery no longer ?t for use, curve 4 the 
behavior of a borderline battery, and curve 5 the behavior of 
an as yet undamaged but no longer neW battery. Curve 6 
illustrates the behavior of a battery Which is better than that 
of a battery actually speci?ed for this purpose. 

[0027] The voltage threshold U1 Will generally be a con 
stant value for the concrete application. The minimum 
voltage value Umin of an arbitrary battery and Umin* of a 
neW battery under the de?ned load I(t) or P(t) depend, by 
contrast, on the temperature and the state of charge of the 
battery, in particular. It, therefore, forms part of this inven 
tion likewise to quantify these dependent relationships and 
to relate the availability value Which is allocated to the 
storage battery to a nominal temperature To and a nominal 
state of charge SOCo and, if appropriate, to undertake 
conversions from the current state (T, SOC) to the nominal 
state (To, SOCo) or vice versa. 

[0028] It is also part of the invention to make use of 
relationships betWeen the voltage set up beloW the load 
pro?le I(t) or P(t), particularly the minimum voltage Umin, 
on the one hand, and the temperature T and the state of 
charge of the battery SOC, on the other hand, to obtain Umin 
and thereby to achieve a ?tness for use value SOH Which 
relates to an arbitrary state (T, SOC) Without currently 
applying the load pro?le I(t) or P(t) electrically to the 
battery. It is thereby possible to obtain a current statement 
relating to SOH. 

[0029] 
lation 

[0030] U(t)=Uo (SOC, T)—Ri (SOC, T)><I(t), Wherein 
Ri is the dynamic internal resistance, for the voltage 
response U(t) of the battery to the current load 
I(t)—Without limiting the invention exclusively to 
this mode of procedure. If Umin=Minimum (U(t)) 
(Minimum (U(t)) stands for the smallest voltage 
value from U(t) Which results from substituting I(t)), 
the result is a value for SOH. 

In particular, it is possible to use the linear formu 

[0031] In accordance With the invention, this mode of 
procedure produces the determination of the ?tness for use 
of a storage battery to the measurement of the state of charge 
SOC, the dynamic internal resistance Ri, and the tempera 
ture of the storage battery under consideration. It is, there 
fore, unnecessary for the load pro?le I(t) to Which the 
speci?cation of the battery’s ?tness for use actually relates 
to be applied to the battery. Furthermore, it is not required 
to put the storage battery into the state of charge or to bring 
it up to the temperature to Which the speci?cation of the 
battery’s ?tness for use relates. 
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[0032] The above explanations relate to the case of a pure 
discharging load. 

[0033] The procedure is similar in the case of a pure 
charging load: UmaX replaces Umin, and the relationship 
symbols “<” and “>” are appropriately interchanged. 

[0034] If the load comprises alternating charging and 
discharging loads, it is possible to proceed individually in 
steps for each section. The battery’s ?tness for use for the 
entire load pro?le is then the smallest of the individual 
?tness for use values obtained by the individual sections of 
the load pro?le. 

[0035] 
[0036] a) a load pro?le is speci?ed in the form of a 

current pro?le I(t) or a poWer pro?le P(t) as a 
function of time t and is applied to the storage 
battery, 

[0037] b) the voltage response U(t) of the storage 
battery for this load pro?le is recorded, 

[0038] c) a voltage limiting value U1 is prescribed 
Which is not permitted to undershoot (overshoot) the 
voltage U(t) at any time t during the application of 
the load pro?le to the storage battery, 

In an embodiment of the invention, 

[0039] d) the storage battery is assigned the ?tness 
for use value SOH=“0” When the voltage limiting 
value U1 is reached at least at one instant t1 as the 
load pro?le is being applied to the storage battery, 
but this voltage limiting value U1 is never undershot 
(overshot), and 

[0040] e) the storage battery is assigned a ?tness for 
use value “SOH” Which is dimensioned according to 
the difference betWeen the loWest (highest) voltage 
value Umin (UmaX) as the load pro?le is being 
applied to the storage battery, and according to the 
voltage limiting value U1: 

[0041] Furthermore, a storage battery is assigned a ?tness 
for use value SOH=100% in the case of Which the loWest 
(highest) voltage value Umin (UmaX) is equal, as the load 
pro?le is being applied to the storage battery, to the value of 
the voltage value Umin* (UmaX*) Which occurs in the case 
of application to a neW storage battery typical of and suitable 
for this application (that is to say it holds that Umin*>U1 (or 
UmaX*<U1)—otherWise the type of battery is unsuitable for 
the load pro?le considered). 

[0042] Astorage battery is assigned a ?tness for use value 
SOH<0% in the case of Which the voltage limiting value U1 
is undershot (overshot) for at least one instant, and this value 
SOH is dimensioned according to the difference betWeen the 
loWest (highest) voltage value as the load pro?le is being 
applied to the storage battery, and according to the voltage 
limiting value U1: 

[0043] In general, the ?tness for use value SOH assigned 
to a storage battery is produced from the folloWing formula: 
(Formula 1) 
[0044] SOH=(Umin—U1)/(Umin*-U1) or (SOH=(UmaX— 
U1)/(UmaX* U1)); (Umin*-U1) (or (UmaX*—U1) being a 
desired value Which results from the behavior of a suitable 
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storage battery typical of this application (that is to say it 
holds that Umin*>U1 (or UmaX*<U1)—otherWise the type 
of battery is unsuitable for the load pro?le considered). 

[0045] In a further embodiment of the method according 
to the invention, a storage battery is assigned a ?tness for use 
value SOH Which results not from measuring the smallest 
value Umin (the largest value UmaX) by actually electrically 
applying to the storage battery a current load pro?le I(t) or 
a poWer load pro?le P(t), but by calculating the smallest 
value Umin (the largest value UmaX) previously measured, 
calculated or estimated values of one or more of the vari 

ables of open-circuit voltage of the battery Uo, state of 
charge of the battery SOC, temperature of the battery T, 
resistance of the battery Ri and by substituting this value into 
the formula 1. 

[0046] It is also possible to assign a storage battery a 
?tness for use value SOH Which results not from measuring 
the smallest value Umin (the largest value UmaX) by actu 
ally electrically applying a discharging current load pro?le 
I(t) (With I<O) to the storage battery, but by calculating the 
smallest value Umin by substituting the relationship 

[0047] Umin=Minimum (U(t)) Where U(t)=Uo (SOC, 
T)+Ri (SOC, T)><I(t) in formula 1, 

[0048] Wherein Ri is the dynamic internal resistance, 
dependent on the state of charge SOC and temperature T of 
the battery, of the storage battery, Uo the open-circuit 
voltage, dependent on the state of charge SOC and tempera 
ture T of the battery, of the storage battery, and minimum 
(U(t)) is the smallest voltage value Which results from 
substituting I(t). 
[0049] Finally, a storage battery can be assigned a ?tness 
for use value SOH Which results not from measuring the 
smallest value Umin by actually electrically applying the 
discharging poWer load pro?le P(t) (With P<O) to the storage 
battery, but by calculating by substituting the relationship 

Umin=Minimum(U(t)) 

[0050] Where 

[0052] Wherein Ri is the dynamic internal resistance, 
dependent on the charge state SOC and temperature T of the 
battery, of the storage battery, Uo the open-circuit voltage, 
dependent on the charge state SOC and temperature T of the 
battery, of the storage battery, and Minimum (U(t)) is the 
smallest voltage value Which results from substituting P(t). 

[0053] It is also possible to assign a storage battery a 
?tness for use value SOH Which relates to a hypothetical 
operating state, currently not present, of the storage battery, 
Which differs from the current operating state at least in the 
state of charge SOC or in the temperature T, and 

[0054] a) the internal resistance, the state of charge, 
the open-circuit voltage and the temperature of the 
storage battery are measured or estimated, 
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[0055] b) the values thus obtained are used to calcu 
late or estimate the open-circuit voltage of the stor 
age battery, 

[0056] c) a correction of the open-circuit voltage U0 
and of the internal resistance Ri is performed in 
accordance With the functional relationships Uo 
(SOC, T) and Ri (SOC, T) stored in a memory device 
such as a chip, With regard to the hypothetical 
operating state (SOC, T), 

[0057] d) a voltage response U(t) to a current load 
pro?le I(t) or a poWer load pro?le P(t) is calculated 
therefrom; and 

[0058] e) the ?tness for use value SOH of the battery 
is determined therefrom. 

[0059] During another re?nement, a voltage limiting value 
U1 Which is not overshot is replaced by one or more voltage 
limiting values U1i (i=1, . . . ) Which are permitted to be 
undershot for a time interval of at most 'ci, but not for an 
interval>'ci. Not only is the relationship of Umin and U1i 
then used to determine SOH, but the time interval '5 for 
Which it is possible that Umin<U1i is evaluated. For 'c>'ci, a 
value SOHi>0 is determined, for t=ti a value of SOHi=0, 
and for 'c<"ci a value SOHi<0. It is also possible to establish 
other limiting value pairs (U1i, ti) and to calculate SOHi for 
these. The storage battery is then assigned the minimum of 
these values SOHi as SOH. 

[0060] The ?tness for use value SOH thus determined is 
used as a function of this value to introduce a measure in 
conjunction With the system connected to the storage battery, 
such as, for eXample, 

[0061] information to the operator of the system, 

[0062] a change in the operational management of the 
system, 

[0063] emergency operation of the system, and 

[0064] 
[0065] Alternatively, a ?tness for use value SOH is deter 
mined and, as a function of this value and of operating states 
Which are current or to be eXpected in future and Which are 
characteriZed by the state of charge SOC and temperature T 
of the battery, a measure is introduced in conjunction With 
the system connected to the storage battery, such as, for 
eXample, 

a shutdoWn of the system. 

[0066] information to the operator of the system, 

[0067] a change in the operational management of the 
system, 

[0068] 

[0069] 

emergency operation of the system, and 

a shutdoWn of the system. 

What is claimed is: 
1. A method for measuring ?tness for use of a storage 

battery subject to electric loading comprising: 

a) determining a load pro?le (current pro?le I(t) or poWer 
pro?le P(t)) as a function of time t, for the storage 
battery; 
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b) recording an actual voltage response U(t) of the storage 
battery to the load pro?le or calculating a voltage 
response U(t) of the storage battery to the load pro?le; 
and 

c) determining a ?tness for use value SOH for the storage 
battery based on the difference betWeen a loWest (high 
est) voltage value Umin (UmaX) during application of 
the load pro?le to the storage battery, and based on a 
voltage limiting value U1, Wherein U1 is a voltage 
value Which may not be undershot (overshot) by the 
voltage U(t) at any time t during Which the load pro?le 
is applied to the storage battery. 

2. The method as claimed in claim 1, Wherein the storage 
battery has 1) a ?tness for use value SOH=0 When voltage 
limiting value U1 is reached at at least an instant t1 during 
application of the load pro?le to the storage battery, With the 
proviso that voltage limiting value U1 is not undershot 
(overshot), and 2) a ?tness for use value SOH=100% When 
the loWest (highest) voltage value Umin (UmaX) is equal, 
during application of the load pro?le to the storage battery, 
to the value of voltage value Umin* (UmaX*) for a neW 
storage battery. 

3. The method as claimed in claim 1, Wherein the storage 
battery is assigned a ?tness for use value SOH<0% When 
voltage limiting value U1 is undershot (overshot) at at least 
one instant, and has a ?tness for use value SOH>100% When 
the loWest (highest) voltage value Umin (UmaX) is larger 
(smaller) during application of the load pro?le to the storage 
battery than the voltage value Umin* (UmaX*) for a neW 
storage battery. 

4. The method as claimed in claim 2, Wherein the storage 
battery is assigned a ?tness for use value SOH<0% When 
voltage limiting value U1 is undershot (overshot) at at least 
one instant, and has a ?tness for use value SOH>100% When 
the loWest (highest) voltage value Umin (UmaX) is larger 
(smaller) during application of the load pro?le to the storage 
battery than the voltage value Umin* (UmaX*) for a neW 
storage battery. 

5. The method as claimed in claim 1, Wherein the storage 
battery has a ?tness for use value SOH Which is determined 
from the folloWing formula: 

SOH=(Umin—U1)/(Umin*-U1) (or SOH=(UmaX—U1)/ 
(UmaX*—U1), Wherein (Umin*-U1) (or (UmaX*—U1) 
is a selected value for a selected storage battery. 

6. The method as claimed in claim 2, Wherein the storage 
battery has a ?tness for use value SOH Which is determined 
from the folloWing formula: 

SOH=(Umin—U1)/(Umin*-U1) (or SOH=(UmaX—U1)/ 
(UmaX*—U1), Wherein (Umin*-U1) (or (UmaX*—U1) 
is a selected value for a selected storage battery. 

7. The method as claimed in claim 1, Wherein the storage 
battery has a ?tness for use value SOH determined from 
calculating a smallest value Umin (a largest value UmaX) 
from previously measured, calculated or estimated values of 
one or more of variables selected from the group consisting 
of open-circuit voltage of the battery Uo, battery state of 
charge SOC, temperature of the battery T and resistance of 
the battery Ri. 

8. The method as claimed in claim 7, Wherein the rela 
tionship 
Umin=Minimum (U(t)) Where U(t)=Uo (SOC, T)+Ri 

(SOC, T)><I(t) is used to calculate the smallest value 
Umin. 
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9. The method as claimed in claim 7, wherein the rela 
tionship 

Umin=Minimum (U 

Where 

is used to calculate the smallest value Umin. 
10. The method as claimed in claim 1, Wherein a correc 

tion of open-circuit voltage U0 and of internal resistance Ri 
is based on functional relationships Uo (SOC, T) and Ri 
(SOC, T) stored in a memory, Wherein SOC is battery state 
of charge and T is temperature of the battery. 
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11. The method as claimed in claim 1, Wherein the storage 
battery has a ?tness for use value SOH, and as a function of 
this value at least one change may be introduced into 
operation of an electrical system connected to the storage 
battery. 

12. The method as claimed in claim 11, Wherein the 
change initiates an emergency condition Within the system. 

13. The method as claimed in claim 11, Wherein the 
change initiates a shutdoWn of the system. 

14. The method as claimed in claim 1, Wherein several 
threshold values U1i are applied Which are respectively 
permitted to be undershot (overshot) for a time period é'ti, 
Wherein a value SOHi is determined for each threshold 
value, and Wherein the storage battery is allocated the 
smallest of the values SOHi thus obtained as the ?tness for 
use value SOH. 


