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(57) ABSTRACT 

A facility which operates according to galvanic principles, 
Such as in particular a lithium-ion accumulator, and a method 
for monitoring and controlling an electric operating condition 
of the facility. The facility comprises at least one galvanic cell 
and an operating management system for monitoring and 
controlling the electric operating condition of the facility and 
for monitoring a representative temperature of the facility. 
The operating management system is designed to control the 
electric operating condition of the facility as a function of the 
temperature. This Abstract is not intended to define the inven 
tion disclosed in the specification, nor intended to limit the 
Scope of the invention in any way. 
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ELECTRICFACILITY OPERATING 
ACCORDING TO GALVANIC PRINCIPLES, 

SUCH ASA LITHIUM-ION CELL, 
COMPRISINGA CONTROL FOR THE 

OPERATING CONDITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 12/556,181, filed Sep. 9, 2009, 
which claims priority under 35 U.S.C. S 119 of German Patent 
Application No. 10 2008 046.510.0, filed Sep. 10, 2008; the 
entire disclosure of these applications is expressly incorpo 
rated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a facility operating 
according to galvanic principles such as a lithium-ion cell, 
respectively an accumulator comprising a plurality of Such 
cells, wherein said facility is provided with an operating 
management system, and to a process for the control of the 
operating condition of the facility. 
0004 2. Discussion of Background Information 
0005. It is common practice to charge conventional 
lithium-ion cells, respectively accumulators, by means of a 
specific charging circuit, respectively charging electronic, 
only. A conventional charging circuit controls a charging 
dependent charging current and may, for example, monitor 
the charging end Voltage to be exactly kept. 
0006 Since integrated circuits have become respectively 
cheap, lithium-ion accumulators are operated more fre 
quently in connection with an operating management system 
comprising an intelligent electronic circuit that considerably 
increases the safety during operation of said accumulators. 
0007. In practical use of lithium-ion accumulators, in par 

ticular Such having a high capacity, it has proved that conven 
tional measures, in particular for the operating control, are 
Sub-optimally developed with regard to requirements such as 
durability and safety of the cells, and that the dependency of 
type and variances in the individual cells as well as the use 
history and operating conditions in some cases have not suf 
ficiently been taken into account. Thus, there is a need for 
finding new solutions in order to allow for operating lithium 
ion accumulators in a more durable and safer manner 

0008. It would be advantageous to be able to operate gal 
Vanic cells such as lithium-ion accumulators so that they are 
more durable. 

0009. It has been found that this goal can be achieved by a 
facility operating according to galvanic principles such as 
particularly an accumulator, for example a lithium-ion accu 
mulator, which comprises at least one galvanic cell Such as, 
for example, a lithium-ion cell, an operating management 
system for monitoring and controlling an electric operating 
condition of the facility as well as the monitoring of a tem 
perature of the facility. According to the invention, the oper 
ating management system is designed to control the electric 
operating condition of the facility in dependence on the tem 
perature. The mentioned electric operating condition may, in 
particular, be a charging current, respectively a discharging 
current, of the facility. By means of the temperature-depen 
dent control of the electric operating condition, the facility, 
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respectively an accumulator, respectively a cell of an accu 
mulator, may be operated more durable and safer. 

SUMMARY OF THE INVENTION 

0010. The present invention provides a facility that oper 
ates according to galvanic principles, such as in particular an 
accumulator, in particular a lithium-ion accumulator. The 
facility comprises at least one galvanic cell, in particular a 
lithium-ion cell, and an operating management system for 
monitoring and controlling the electric operating condition of 
the facility and for monitoring a representative temperature of 
the facility. The operating management system is developed 
(designed) to control the electric operating condition of the 
facility, for example a charging current and/or a discharging 
current of the facility, as a function of the temperature. 
0011. In one aspect of the facility, the electric operating 
condition of the facility may comprise the charging current 
and/or the discharging current of the facility. 
0012. In another aspect, the operating management sys 
tem may be designed to control the electric operating condi 
tion of the facility in at least two different temperature inter 
vals by means of temperature dependencies which are 
different from each other. 
0013. In another aspect of the facility, the operating man 
agement system may be designed to record the temperature of 
the facility. 
0014. In yet another aspect, the facility may comprise at 
least one temperature measurement unit for measuring a tem 
perature of the facility. 
0015. In another aspect, the temperature of the facility 
may be a temperature that is representative for the tempera 
ture of a cathode and/or an anode and/or an electrolyte which 
is in electrochemical operative connection with the cathode 
and/or the anode. 
0016. In another aspect, the representative temperature of 
the cathode and/or the anode may be a temperature which is 
representative for the temperature of the current conductor of 
the cathode and/or the current conductor of the anode. 
0017. In a still further aspect, the representative tempera 
ture of the cathode and/or the anode may be a temperature 
which is representative for the temperature of the active layer 
of the cathode and/or the active layer of the anode. 
0018. In another aspect, a temperature sensor of the tem 
perature measurement unit may be arranged in heat-conduct 
ing communication with the current conductor of the cathode 
and/or the current conductor of the anode and/or the electro 
lyte. 
0019. In another aspect, the operating management sys 
tem may be designed for controlling the electric operating 
condition of the facility also as a function of a representative 
parameter which is determined by the operating management 
system for a charging condition and/or a health condition of 
the facility, in particular the galvanic cells of the facility. 
0020. In another aspect, the facility may comprise com 
prise two, three, in particular four or more galvanic cells, in 
particular lithium-ion cells. 
0021. In another aspect, the facility may comprise two, 
three, in particular four or more galvanic cells, in particular 
lithium-ion cells, and with regard to a respective cell at least 
one temperature measurement unit. For example, a respective 
temperature measurement unit may be designed to measure a 
temperature which is representative for the temperature of the 
respective cell. 
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0022. In yet another aspect of the facility, a set charging 
current and/or a set discharging current that is predetermined 
in particular for the type of facility, may be assigned to the 
respective temperature interval. 
0023. In another aspect, the facility may have a lower 
temperature threshold (T) and/or an upper temperature 
threshold (T) and the operating management system may 
be designed to effect that the facility cannot be operated, for 
example, the at least one galvanic cell cannot be charged 
and/or discharged, if a temperature of the at least one galvanic 
cell is below the lower temperature threshold (T) or above 
the upper temperature threshold (T). 
0024. In yet another aspect, the facility may have a first 
temperature threshold (T1), a second temperature threshold 
(T2) which is greater than or equal to the first temperature 
threshold (T1), a third temperature threshold (T3) which is 
greater than or equal to the second temperature threshold 
(T2), and a fourth temperature threshold (T4) which is greater 
than or equal to the third temperature threshold (T3), and the 
operating management system may be designed: 

0025 to limit the charging and/or discharging set cur 
rent of the at least one galvanic cell within the tempera 
ture interval between the second and third temperature 
threshold (T2, T3) to a maximum charging current value 
and/or discharging current value (I), 

0026 to limit the charging and/or discharging set cur 
rent of the at least one galvanic cell within the tempera 
ture interval between the first and second temperature 
threshold (T1, T2) to a first charging current value and/or 
discharging current value (I), which is less than the 
maximum charging and/or discharging current value 
(I) within the temperature interval between the sec 
ond and third temperature threshold (T2, T3) (so that, in 
particular, Isx1-I, and 0<x1<100%), 

0027 to limit the charging and/or discharging set cur 
rent of the at least one galvanic cell within the tempera 
ture interval between the third and fourth temperature 
threshold (T3, T4) to a second charging and/or discharg 
ing current value (I2), which also is less than the maxi 
mum charging and/or discharging current value (I) 
within the temperature interval between the second and 
third temperature threshold (T2, T3) (so that, in particu 
lar, Isx2-I and 0<x2<100%). 
0028. In another aspect of the facility, the operating 
management system may be designed: 

0029 to limit the charging and/or discharging set value 
of the at least one galvanic cell within the temperature 
interval between the third and fourth temperature thresh 
old (T3, T4) to a third, minimal charging and/or dis 
charging current value (I), so that the charging and/or 
discharging current within said temperature interval is 
not less than the minimal charging and/or discharging 
current value (I) and not greater than the said second 
maximum charging and/or discharging current value (I) 
(so that, in particular, I2X3-I, and 0<X3<X2). 

0030. In yet another aspect, the facility may comprise a 
fifth temperature threshold (T5) that is greater or equal to the 
fourth temperature threshold (T4), and the operating manage 
ment system may be designed to limit the charging and/or 
discharging set current (Ia) of the at least one galvanic cell 
within the temperature interval between the fourth and fifth 
temperature threshold (T4, T5) to a fourth charging and/or 
discharging current (I), which is less than the second charg 
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ing and/or discharging current (I) within the temperature 
interval between the third and fourth temperature threshold 
(T3, T4). 
0031. In another aspect, the parameter x1 may not be 
greater than about 90% and not less than about 30%, and may 
in particular be selected from a group comprising the values 
ofessentially 90%, 80%, 70%, 60%, 40% or 30% and/or the 
parameter pair (X3, X2) may be selected from a group com 
prising the parameter pairs of essentially (90%, 10%), (90%, 
20%), (90%, 30%), (90%, 40%), (80%, 10%), (80%, 20%), 
(80%, 30%) or (80%, 40%). 
0032. In a still further aspect of the facility of the present 
invention, the operating management system may be 
designed to regulate the charging and/or discharging set cur 
rent of the at least one galvanic cell to an interim value that is 
between the charging and/or discharging set value below a 
temperature threshold (Tx with x=1, 2, 3, 4 or 5) and the 
charging and/or discharging set value above the temperature 
threshold (TX) if the temperature within a temperature tran 
sition interval having a first temperature width (81), which 
adjoins the temperature threshold (Tx) below, wherein in 
particular the temperature width (81) may not be greater than 
the width of a temperature interval extending from the tem 
perature threshold (TX) to lower temperatures and/or the 
operating management system may be designed to regulate 
the charging and/or discharging set current of the at least one 
galvanic cell to an interim value that is between the charging 
and/or discharging set value above a temperature threshold 
(TX with X=1,2,3,4 or 5) and the charging and/or discharging 
set current below the temperature threshold (Tx) if the tem 
perature in a temperature transition interval (84-2) having a 
second temperature width (62) which adjoins the temperature 
threshold (Tx) above, wherein in particular the temperature 
width (82) may not be greater than the width of a temperature 
interval extending from the temperature threshold (Tx) to 
higher temperatures. Further, the operating management sys 
tem may additionally be designed to regulate the charging 
and/or discharging set value to at least two different interim 
values if the temperature is within a temperature transition 
interval. Even further, the operating management system may 
be developed to regulate the charging and/or discharging set 
current as a function of the temperature continuously between 
the charging and/or discharging set current within the tem 
perature interval below the respective temperature threshold 
(TX) and the charging and/or discharging set current above the 
respective temperature threshold (Tx) if the temperature is 
within a temperature transition interval. 
0033. In another aspect of the facility, the lower tempera 
ture threshold (T) and/or the first temperature threshold 
(T1) may be selected from the interval of from about 5° C. to 
about 15° C., preferably from the interval of from about 7° C. 
to about 13°C., or the interval of from 9°C. to about 11°C., 
and still more preferred about 10° C. 
0034. In another aspect, a first temperature threshold that 

is selected from the lower temperature threshold (T), the 
first temperature threshold (T1), the second temperature 
threshold (T2), the third temperature threshold (T3), the 
fourth temperature threshold (T4), the fifth temperature 
threshold (T5) and the upper temperature threshold (T) 
may be a temperature threshold for a first representative tem 
perature, for example a temperature of the electrolyte, and a 
second temperature threshold which is different from the first 
temperature threshold and may be selected from the lower 
temperature threshold (T), the first temperature threshold 
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(T1), the second temperature threshold (T2), the third tem 
perature threshold (T3), the fourth temperature threshold 
(T4), the fifth temperature threshold (T5), and the upper tem 
perature threshold (T) is a temperature threshold for a 
second representative temperature which is different from the 
first representative temperature, for example a temperature of 
one of the electrodes. 
0035. The present invention also provides a method for 
monitoring and controlling an electric operating condition of 
a facility that operates according to galvanic principles and 
comprises at least one galvanic cell, in particular a lithium 
ion cell. The method comprises: 

0036 (1) monitoring an electric operating condition of 
the facility, 

0037 (2) monitoring a temperature of the facility, and 
0038 (3) controlling the electric operating condition of 
the facility, in particular a charging current and/or dis 
charging current of the at least one cell, as a function of 
the temperature. 

0039. In one aspect of the method, (3) may comprise con 
trolling the electric operating condition of the facility in at 
least two different temperature intervals by means of tem 
perature dependencies which are different from each other. 
0040. In another aspect, (1) may comprise recording the 
temperature of the facility, in particular by using a tempera 
ture measurement unit for measuring a temperature of the 
facility. 
0041. In yet another aspect of the method, (3) may com 
prise controlling the electric operating condition of the facil 
ity also as a function of a representative parameter which is 
determined by an operating management system for a charg 
ing condition and/or a health condition of the facility, in 
particular the galvanic cells of the facility. 
0042. In another aspect of the method of the present inven 

tion, (3) may comprise: 
0043 defining a lower temperature threshold (T) 
and/or an upper temperature threshold (T), 

0044 effecting that the facility is not operated, in par 
ticular that the at least one galvanic cell is not charged 
and/or discharged, if a temperature of the at least one 
galvanic cell is below the lower temperature threshold 
(T) or above the upper temperature threshold (T). 

0045. In another aspect, (3) may comprise: 
0046 defining a first temperature threshold (T1), a sec 
ond temperature threshold (T2) that is greater than or 
equal to the first temperature threshold (T1), a third 
temperature threshold (T3) that is greater than or equal 
to the second temperature threshold (T2), and a fourth 
temperature threshold (T4) that is greater than or equal 
to the third temperature threshold (T3), 

0047 limiting the charging and/or discharging set value 
of the at least one galvanic cell within the temperature 
interval between the second and third temperature 
threshold (T2, T3) to a maximum charging and/or dis 
charging current value (I), 

004.8 limiting the charging and/or discharging set value 
of the at least one galvanic cell within the temperature 
interval between the first and second temperature thresh 
old (T1, T2) to a first charging and/or discharging cur 
rent value (I) that is less than the maximum charging 
and/or discharging current value (I) within the tem 
perature interval between the second and third tempera 
ture threshold (T2, T3), 
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0049 limiting the charging and/or discharging set value 
of the at least one galvanic cell within the temperature 
interval between the third and fourth temperature thresh 
old (T3, T4) to a second charging and/or discharging 
current value (I) that is also less than the maximum 
charging and/or discharging current value (I) within 
the temperature interval between the second and third 
temperature threshold (T2, T3). 

0050. In yet another aspect, (3) may further comprise: 
limiting the charging and/or discharging set current of the at 
least one galvanic cell within the temperature interval 
between the third and fourth temperature threshold (T3, T4) 
to a third, minimal charging and/or discharging current value 
(I) such that the charging and/or current within this tempera 
ture interval is not less than the minimal charging and/or 
discharging current value (I) and not greater than the said 
second maximum charging and/or discharging current value 
(I2). 
0051. In a still further aspect of the method, (3) may fur 
ther comprise: 

0.052 defining a fifth temperature threshold (T5) that is 
greater than or equal to the fourth temperature threshold 
(T4), 

0053 limiting the charging and/or discharging set cur 
rent of the at least one galvanic cell within the tempera 
ture interval between the fourth and fifth temperature 
threshold (T4, T5) to a fourth charging and/or discharg 
ing current value (I) that is less than the second charg 
ing and/or discharging set value (I2) Within the tempera 
ture interval between the third and fourth temperature 
threshold (T3, T4). 

0054. In another aspect, (3) may further comprise: 
0055 regulating the charging and/or discharging set 
value of the at least one galvanic cell to an interim value 
that is between the charging and/or discharging set value 
below a temperature threshold (Tx with X=1,2,3,4, or 5) 
and the charging and/or discharging set current above 
the temperature threshold (Tx) if the temperature in a 
temperature transition intervalhaving a first temperature 
width (81) which adjoins the temperature threshold (TX) 
below, wherein in particular the temperature width (81) 
may be not greater than the width of a temperature 
interval extending from the temperature threshold (TX) 
to lower temperatures, and/or 

0056 regulating the charging and/or discharging set 
current of the at least one galvanic cell to an interim 
value that is between the charging and/or discharging set 
current above a temperature threshold (TX with x=1, 2, 
3, 4, or 5) and the charging and/or discharging set current 
below the temperature threshold (Tx) if the temperature 
within a temperature transition interval (84-2) having a 
second temperature width (62) which adjoins the tem 
perature threshold (Tx) above, wherein in particular the 
temperature width 62 may not be greater than the width 
of a temperature interval extending from the temperature 
threshold (Tx) to higher temperatures. 

0057. In a further aspect of the method, (3) may further 
comprise: 

0058 regulating the charging and/or discharging set 
current as a function of the temperature continuously 
between the charging and/or discharging set current 
value within the temperature interval below the respec 
tive temperature threshold (TX) and the charging and/or 
discharging set current value above the respective tem 
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perature threshold (Tx) if the temperature is within a 
temperature transition interval. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0059. The present invention is further described in the 
detailed description which follows, in reference to the noted 
plurality of drawings by way of non-limiting examples of 
exemplary embodiments of the present invention, in which 
like reference numerals represent similar parts throughout the 
several views of the drawings, and wherein: 
0060 FIG. 1 shows a schematic block diagram of a facility 
operating according to galvanic principles according to the 
invention. 
0061 FIG. 2 shows a schematic graphic view of a tem 
perature-dependent charging current regulation according to 
the invention. 
0062 FIG. 3 shows a schematic representation of a set 
charging current having an abrupt change of a galvanic cell at 
a temperature threshold. 
0063 FIG. 3A is a first schematic presentation of a con 
tinuous transition of a set charging current within a tempera 
ture transition interval at a temperature threshold according to 
the invention. 
0064 FIG. 3B is a second schematic representation of a 
continuous transition of a set charging current within a tem 
perature transition interval at a temperature threshold accord 
ing to the invention. 
0065 FIG. 3C is a third schematic representation of a 
continuous transition of a set charging current within a tem 
perature transition interval at a temperature threshold accord 
ing to the invention. 
0066 FIG. 3D is a fourth schematic representation of a 
continuous transition of a set charging current within a tem 
perature transition interval at a temperature threshold accord 
ing to the invention. 
0067 FIG.3E is a fifth schematic representation of a con 
tinuous transition of a set charging current within a tempera 
ture transition interval at a temperature threshold according to 
the invention. 
0068 FIG. 3F is a sixth schematic representation of a 
continuous transition of a set charging current within a tem 
perature transition interval at a temperature threshold accord 
ing to the invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0069. The particulars shown herein are by way of example 
and for purposes of illustrative discussion of the embodi 
ments of the present invention only and are presented in the 
cause of providing what is believed to be the most useful and 
readily understood description of the principles and concep 
tual aspects of the present invention. In this regard, no attempt 
is made to show structural details of the present invention in 
more detail than is necessary for the fundamental understand 
ing of the present invention, the description taken with the 
drawings making apparent to those skilled in the art how the 
several forms of the present invention may be embodied in 
practice. 
0070 A facility operating according to galvanic principles 

is a facility that comprises a least a so-called galvanic cell, 
wherein the galvanic cell comprises at least a first and a 
second facility for the storage of electrically different charges 
as well as means for generating an electric operative connec 
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tion of the two charge storage facilities, and wherein charge 
carriers may be moved between those two mentioned facili 
ties. The means for generating an electric operative connec 
tion is, for example, an electrolyte, which functions as ion 
conductor. 

0071 An operating management system is a system for 
monitoring and controlling an electric operating condition of 
the facility operating according to galvanic principles, which 
monitors the electric operating condition of the facility that 
may be described by means of certain selected function 
parameters of the facility, and controls said electric operating 
condition independence on the usage conditions of the facil 
ity. The control may thereby particularly refer to a charging, 
respectively discharging process of the facility, in particular 
of the at least one galvanic cell. 
0072 The mentioned function parameters describing the 
electric operating condition of the facility are Such physical 
factors, which may serve for the description of the condition 
ofagalvanic cell. Such parameters comprise, for example, the 
electric capacity of a galvanic cell, the measurable Voltage 
between the both terminals of the cell, which, in particular, 
may be measured during the open-circuit operation or as 
load-dependent terminal Voltage, the magnitude of an electric 
current leading to the charge or discharge of the cell, the 
internal resistance of a galvanic cell with which the cell, as a 
rule, such as every technical Voltage source is afflicted, an 
already charged or available electric charge of the galvanic 
cell, leakage currents between the terminals within the gal 
vanic cell, or also a temperature of the cell, which is measured 
at representative locations, respectively elements of the cell, 
or, due to practical reasons, possibly is only measured from 
the exterior of the cell. Depending on the requirements during 
the operation of the galvanic cell as a rechargeable cell, still 
other physical factors or factors derived therefrom may be of 
interest, such as, for example, a so-called State of charge 
(SOC) that is known to the person skilled in the art, or state of 
health (SOH), which take into account the use history, in 
particular the charging, respectively discharging history of 
the cell. 

0073 For the operation of the facility, in particular a range 
of acceptable operating temperatures may be defined, which 
is divided into at least two temperature intervals, wherein in 
the at least two temperature intervals the electric operating 
condition of the facility is controlled according to different 
temperature dependencies. A temperature interval may be 
thereby defined that said interval is defined by indicating a 
lower interval limit (“greater than . . . ), an upper interval 
limit (“less than...') or by indication of a lower and an upper 
interval limit (“from . . . to . . . ). By means of such variably 
selectable temperature intervals and different temperature 
dependencies defined therein for the control of the electric 
operating condition by means of particular function param 
eters of the facility, the operating management system may be 
adapted to different types of galvanic cells for an optimized 
control, and thus may be developed to be variably used. 
0074 The operating management system can thereby be 
developed such to record and to monitor a temperature of the 
facility and, in particular, also the time dependent course 
thereof. For this, preferably, the facility, in particular the 
operating management system, comprises at least one tem 
perature measurement unit for measuring a temperature of the 
facility, which comprises at least one sensor, at least one 
associated sensor transferring signal means, and at least one 
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signal analyzing unit. Thus, the facility is not dependent on 
external temperature measurement units. 
0075 Preferably, the mentioned temperature of the facil 
ity is a temperature that is representative for an electrode, in 
particular a cathode, respectively anode, and/or the means for 
the generation of the electric operative connection between 
the electrodes, in particular an electrolyte that is in electro 
chemical operative connection with a cathode, respectively 
an anode. Such a representative temperature characterizes in 
a suitable manner the functional elements of the galvanic cell 
in which, due to the electric operation, thermal energy is 
generated. The representative temperature of the cathode, 
respectively the anode, may be a temperature being represen 
tative for the current conductor of the cathode, respectively 
the current conductor of the anode. The selection of a current 
conductor as an element the temperature of which is mea 
Sured as representative temperature of the facility, respec 
tively cell, for the control of the electric operating condition 
thereof, has the advantage that a current conductor, in par 
ticular at its outer end, that is the end being outside of a 
housing of the cell, is easily accessible for a temperature 
measurement. 
0076 Alternatively or additionally, the representative 
temperature of the cathode, respectively anode, may be a 
temperature that is a representative temperature for the active 
layer of the cathode, respectively the active layer of the anode. 
Due to the selection of the active layer of the cathode, respec 
tively anode, as representative temperature, one obtains a 
temperature for the portion of the cell where the electro 
chemical processes take place, and where during the opera 
tion thermal energy is primarily generated, which facilitates a 
particularly representative temperature value characterizing 
the electric operating condition of the facility as basis for the 
operating management system for the control of the electric 
operating condition of the facility. 
0077. The facility may comprise at least one or more tem 
perature measurement units for measuring one or more rep 
resentative temperatures of the facility, in particular of the at 
least one galvanic cell. 
0078. The facility may also comprise two, three, in par 

ticular also four or more galvanic cells, in particular lithium 
ion cells, which may be connected in serial connection and/or 
parallel connection. By means of a serial connection of the 
cells, an increase of the Voltage, respectively an approach to 
an electric Supply Voltage needed by an application is facili 
tated. A parallel connection of cells increases the capacity of 
the facility. 
007.9 The operating management system may be devel 
oped such to operate the facility in a manner that at least two 
galvanic cells may be operated with each other in the so 
called cell balancing. 
0080. If the facility comprises two, three, in particular also 
four or more galvanic cells, it preferably comprises further at 
least one or more temperature measurement units for a 
respective cell. This allows a cell-specific recording of the 
temperature as basis for the control of the electric operating 
condition of the facility, in particular the electric operating 
condition of a respective galvanic cell. For this, a respective 
temperature measurement unit is preferably developed Such 
to measure a representative temperature for the respective 
cell. 
0081 For the control of the electric operating condition of 
the facility in at least two different temperature intervals by 
using temperature dependencies being different of each other, 
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a set charging current, respectively set discharging current 
being particularly predetermined for the type of facility, may 
be attributed to a respective temperature interval. Practical 
experiences prove that, in particular, a temperature-depen 
dent regulation of the charging, respectively discharging cur 
rent facilitates very good results in the improvement of the 
durability of the galvanic cell, in particular lithium-ion cell. 
I0082. The facility may exhibit a lower temperature thresh 
old, respectively upper temperature threshold, which are pre 
determined for the facility and/or may be adapted during 
operation. Thereby, the operating management system may 
be developed such to effect that the facility is not operated, in 
particular the at least one galvanic cell is not charged, respec 
tively discharged, if a representative temperature of the at 
least one galvanic cell is below the lower temperature thresh 
old, respectively above the upper temperature threshold. Such 
a control increases the operating safety, in particular the intro 
duction of an upper limit of the temperature as described 
decreases the risk of a thermal damage, in particular 
decreases the destruction process of a cell that is known to the 
person skilled in the art under the term “thermal runaway”. 
I0083. In an advantageous embodiment of the temperature 
dependent control of the electric operating parameters, the 
facility may have a first temperature threshold, a second tem 
perature threshold that is greater than or equal to the first 
temperature threshold and defines together with the first tem 
perature threshold a first temperature interval, a third tem 
perature threshold that is greater than or equal to the second 
temperature threshold and defines together with the second 
temperature threshold a second temperature interval, and a 
fourth temperature threshold that is greater than or equal to 
the third temperature threshold and defines together with the 
third temperature threshold a third temperature interval. 
Thereby, in particular, the first up to the fourth temperature 
threshold is predetermined for the facility, in particular is 
predetermined for the at least one galvanic cell, and/or is 
adapted during the operation of the facility. In this embodi 
ment of the control, the system for the operating management 
may be developed to the following: 

0084 to limit the charging current, respectively dis 
charging current of the at least one galvanic cell within 
the second temperature interval between the second and 
third temperature threshold to a maximum charging cur 
rent, respectively discharging current (I), 

0085 to limit the charging current, respectively dis 
charging current of the at least one galvanic cell in the 
first temperature interval between the first and second 
temperature threshold to a first charging current value, 
respectively discharging current value (I), which is less 
than the maximum charging, respectively discharging 
current value, within the second temperature interval 
(i.e., in particular, IsXI and 0<x<100%), 

I0086 to limit the charging current, respectively dis 
charging current of the at least one galvanic cell within 
the third temperature interval between the third and 
fourth temperature interval to a second charging, respec 
tively discharging current set-value (I2), which also is 
less than the maximum charging, respectively discharg 
ing current value, within the second temperature interval 
(i.e., in particular, I-XI, and 0<x<100%). 

I0087. The provision of three temperature intervals with 
different regulation instructions for the charging, respectively 
discharging current, respectively, allows a really good adap 
tation of the operating management system to different cell 
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types, and a technically particularly simple implementation, 
respectively programming, of an algorithm of the operating 
management system for regulating the electric operating con 
dition of the facility. 
0088. In the before-mentioned embodiment having three 
temperature intervals, the operating management system may 
be developed Such to limit the charging current, respectively 
discharging current of the at least one galvanic cell within the 
temperature interval between the third and fourth temperature 
threshold to a minimal charging, respectively discharging 
current value (I) such that the charging, respectively dis 
charging current within this temperature interval is not less 
than the minimal charging, respectively discharging current 
value (I), and not greater than the said second maximum 
charging, respectively discharging current value (I) (i.e., in 
particular, I2XI and 0<x<x<100%). In a similar man 
ner, the operating management system may also be developed 
Such to limit the charging current, respectively discharging 
current of the at least one galvanic cell within the temperature 
interval between the first and second temperature threshold to 
a minimal charging, respectively discharging current set 
value (I) such that the charging, respectively discharging 
current in this temperature interval is not less than the mini 
mal charging, respectively discharging current value (I), and 
is not greater than the said first charging, respectively dis 
charging current value (I) (i.e., in particular, I'2X-'I and 
0<x<x<100%). In this manner, in the respective tempera 
ture intervals, a control range for the charging, respectively 
discharging current, between the third, minimal and the sec 
ond, maximum charging, respectively discharging current 
value, is predetermined, and the control range is limited 
upturn and downward in order to increase the safety and 
durability. 
0089 For refining the adaptation of the control algorithm, 
respectively the control, by means of the operating manage 
ment system to different types of accumulators, the facility 
may also have a fifth temperature threshold that is greater than 
or equal to the fourth temperature threshold, and defines 
together with the fourth temperature threshold a fourth tem 
perature interval. Thereby, the operating management system 
is developed Such to limit the charging, respectively discharg 
ing set current of the at least one galvanic cell within the 
temperature interval between the fourth and the fifth tempera 
ture threshold to a fourth charging, respectively discharging 
current (I), which is less than the maximum charging, 
respectively discharging current (I) within the second tem 
perature interval between the third and fourth temperature 
threshold. Alternatively to the fifth temperature threshold or 
additionally thereto, also another, sixth temperature threshold 
may be defined that is less than or equal to the first tempera 
ture threshold, and which defines together with the first tem 
perature threshold a fifth temperature interval. Thereby, the 
operating management system is developed such to limit the 
charging, respectively discharging set current of the at least 
one galvanic cell within the temperature range between the 
sixth and the first temperature threshold to a fifth charging, 
respectively discharging current (Is), which is less than the 
charging, respectively discharging current (I) within the first 
temperature interval between the first and second temperature 
threshold. The provision of a fourth, respectively fifth tem 
perature interval allows a further refining of the adaptation of 
the control of the electric operating condition of the facility to 
different types of accumulators. 
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0090. For the protection of the electrodes, in particular 
prior to the Switches in the control value for the charging, 
respectively discharging current, which occurs at the tem 
perature thresholds (T,) with x=1, 2, . . . 6), respectively 
Switch-overpoints, the operating management system may be 
developed Such to regulate the charging, respectively dis 
charging current of the at least one galvanic cell to an interim 
value, whereby said interim value is between the charging, 
respectively discharging set current below the temperature 
threshold, and the charging, respectively discharging set cur 
rent above the temperature threshold, if the temperature is 
within a temperature transition interval. The temperature 
transition interval may adjoinedly extend below the tempera 
ture threshold (T with X=1,2,... 6), and may provide a first 
temperature width (81) such that the temperature transition 
interval extends from T-81 to T. Thereby, the first tempera 
ture width (81) may be less than the width of the respective 
temperature interval extending below the temperature thresh 
old (T). Accordingly, the operating management system may 
also be developed such to regulate the charging, respectively 
discharging current of the at least one galvanic cell to an 
interim value, if the temperature is within a temperature tran 
sition interval that in particular adjoinedly extends above the 
temperature threshold, and has a second temperature width 
(62), i.e. if the temperature is within the temperature interval 
of from Tx to T+82. Thereby, the second temperature width 
may be less than the width of the interval adjoinedly extend 
ing above this temperature threshold to this temperature 
threshold. 

0091. The addition of the interim value for the charging, 
respectively discharging set current, within the temperature 
transition interval adjoining said temperature threshold, 
effects a less strongly developed switch of the control current 
value, and thus a continuous transition of the controlled 
charging, respectively discharging, if the temperature 
changes above the temperature threshold, and thus effects an 
operation of the electrodes within the galvanic cell, in par 
ticular of the anodes of a lithium-ion cell, which is more 
limiting the risk of damage. 
0092. A still better protection can be achieved thereby by 
developing the operating management system such to regu 
late the charging, respectively discharging set current to at 
least two different interim values, or better according to a 
staircase-shaped set value curve as function of the tempera 
ture, if the temperature is within a temperature transition 
interval. It may be still more preferred with respect to the 
protection of the electrodes to develop the operating manage 
ment system such to regulate the charging, respectively dis 
charging current continuously independence on the tempera 
ture between the charging, respectively discharging set 
current, within the temperature interval below the respective 
temperature threshold, and the charging, respectively dis 
charging set current above the respective temperature thresh 
old, if the temperature is within a temperature transition inter 
val. A continuous regulation of the temperature may be 
described by a linear, or in a graphic view S-shaped, left 
curved or right-curved temperature dependence of the charg 
ing, respectively discharging set current as function of the 
temperature. 
0093. The lower temperature threshold, respectively the 

first temperature threshold below of which the charging, 
respectively discharging set value is regulated to a value of 
essentially zero, respectively below of which the facility can 
not be operated, may be from the interval of from about 5°C. 
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to about 15° C., preferred from the interval of from about 7° 
C. to about 13°C., still more preferred from the interval of 
from about 9° C. to about 11° C., still more preferred be 
essentially about 10°C. The preferred selection of the lower 
temperature threshold occurs in dependence on and for the 
adaptation to the type of the galvanic cell. 
0094. It may be advantageous that a first temperature 
threshold that is selected from a group comprising the lower 
temperature threshold, the first temperature threshold, the 
second temperature threshold, the third temperature thresh 
old, the fourth temperature threshold, the fifth temperature 
threshold, the sixth temperature threshold and the upper tem 
perature threshold, a temperature threshold for a first repre 
sentative temperature of the facility, for example a tempera 
ture of the electrolyte, and that a second temperature 
threshold being different from the first temperature threshold 
that is selected from the group comprising the lower tempera 
ture threshold and the first temperature threshold, the second 
temperature threshold, the third temperature threshold, the 
fourth temperature threshold, the fifth temperature threshold, 
the sixth temperature threshold and the upper temperature 
threshold, is a temperature threshold for a second represen 
tative temperature being different from the first temperature, 
for example a temperature of one of the electrodes. By means 
of the adaptation of the representative temperature, in particu 
lar for example the measurement position for the measure 
ment of the representative temperature at the use of the tem 
perature threshold, for example as lower limit and/or as upper 
limit of a temperature interval, the regulation accuracy, 
respectively the regulation reliability, can be increased. 
0095 For example, a first representative temperature 
which, for example, is used as a first lower temperature 
threshold within a regulation algorithm for the electric oper 
ating condition, a temperature at a location, respectively at an 
element of the facility, where the temperature is expectedly 
relatively low, in particular lower than an averaged tempera 
ture of the facility, and a second temperature threshold, 
which, for example, is used as an upper limit of a temperature 
interval within the regulation algorithm, and is measured at a 
location, respectively at an element of the facility, where the 
temperature is expectedly relatively high during operation, in 
particular higher than an averaged temperature of the facility. 
Then, the lower, respectively the upper regulation rangelimit, 
is detected at an earlier stage during increasing, respectively 
decreasing temperature as compared to a temperature thresh 
old being defined by means of an averaged temperature of the 
facility. 
0096. In a further aspect of the invention there is provided 
a method for the monitoring and controlling of an electric 
operating condition of a facility operating according to gal 
Vanic principles, comprising at least one galvanic cell, in 
particular a lithium-ion cell, wherein the method comprises 
the following steps: 
0097 (1) monitoring an electric operating condition of the 

facility, 
0098 (2) monitoring a temperature of the facility, and 
0099 (3) controlling the electric operating condition of 
the facility, in particular a charging current, respectively 
discharging current of the at least one cell independence on 
the temperature. 

0100. In turn, some of the before-mentioned embodiments 
of the regulation algorithm of the operating management 
system for the temperature-dependent control of the electric 
operating condition are in accordance with said method and 

Jul. 4, 2013 

with advantageous embodiments of said method that are 
described in the following. Therefore, the advantages already 
mentioned above, respectively the effects, are not reiterated in 
the following. 
0101. In the method, step (3) may comprise the control of 
the electric operating condition of the facility in at least two 
different temperature intervals by means of temperature 
dependencies that are different of each other. 
0102. In the method, step (1) may comprise a step of 
recording the temperature of the facility, in particular by 
using a temperature measurement unit for measuring a tem 
perature of the facility. 
0103 Step (3) of the method may further comprise the 
control of the electric operating condition of the facility in 
dependence on a parameter that is representative for a charg 
ing condition, respectively a health condition of the facility, in 
particular of the galvanic cells of the facility, which is com 
municated by an operating management system. 
0104 Step (3) of the method may further comprise the 
following: 

0105 defining a lower temperature threshold, respec 
tively an upper temperature threshold, 

0106 effecting that the facility is not operated, in par 
ticular that the at least one galvanic cell is not charged, 
respectively discharged, if a temperature of the at least 
one galvanic cell is below the lower temperature thresh 
old, respectively above the upper temperature threshold. 

0107 Step (3) may further comprise the following: 
0.108 defining a first temperature interval, a second 
temperature interval that is greater than the first tempera 
ture threshold, a third temperature threshold that is 
greater than the second temperature threshold, and a 
fourth temperature threshold that is greater than the third 
temperature threshold, 

0109 limiting the charging, respectively discharging 
current of the at least one galvanic cell within the second 
temperature interval between the second and third tem 
perature interval to a maximum charging, respectively 
discharging current value (I), 

0110 limiting the charging, respectively discharging 
set current of the at least one galvanic cell within the first 
temperature interval between the first and second tem 
perature threshold to a first charging, respectively dis 
charging current value (I) that is less than the maximum 
charging, respectively discharging current value within 
the second temperature interval (i.e., in particular, 
IsXI and 0<x<100%), 

0111 limiting the charging, respectively discharging 
set current of the at least one galvanic cell within the 
third temperature interval between the third and fourth 
temperature threshold to a second charging, respectively 
discharging current value (I) that is also less than the 
maximum charging, respectively discharging current 
value within the second temperature interval (i.e., in 
particular, IsXI and 0<x<100%). 

0112. In this embodiment, step (3) may further comprise: 
0113 limiting the charging, respectively discharging 
set current of the at least one galvanic cell within the 
temperature interval between the third and fourth tem 
perature threshold to a third, minimal charging, respec 
tively discharging current value (I), 

0114. Such that the charging, respectively discharging 
current in this temperature interval is not less than the 
minimal charging, respectively discharging current 
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value (I), and not greater than the said second maxi 
mum charging, respectively discharging current value 
(I2) (i.e., in particular, X-Islasx2 I, and 
0<x<x<100%). 

0115. In this embodiment, step (3) may further comprise: 
0116 defining a fifth temperature threshold that is 
greater than or equal to the fourth temperature threshold 
and that defines with the latter a fourth temperature 
interval, 

0117 limiting the charging, respectively discharging 
set current of the at least one galvanic cell within the 
fourth temperature interval between the fourth and fifth 
temperature threshold to a fourth charging, respectively 
discharging current value (I) that is less than the second 
charging, respectively discharging set current (I) in the 
third temperature interval between the third and fourth 
temperature threshold. 

0118 Within these embodiments including definitions of 
temperature thresholds, step (3) may further comprise: 

0119 regulating the charging, respectively discharging 
set current of the at least one galvanic cell to an interim 
value that is between the charging current, respectively 
discharging set current below a temperature threshold 
and the charging, respectively discharging set current 
above the temperature threshold, if the temperature is 
within a temperature transition interval. Thereby, the 
temperature transition interval may adjoinedly extend 
below the temperature threshold, and may exhibit a first 
temperature width (Ö1). Thereby, in particular, the first 
temperature width (81) may not be greater than the width 
of the temperature interval extending from the tempera 
ture threshold to lower temperatures. 

0120 Alternatively, respectively additionally thereto, step 
(3) may further comprise: regulating the charging, respec 
tively discharging set current of the at least one galvanic cell 
to an interim value that is between the charging, respectively 
discharging set current above a temperature threshold and the 
charging, respectively discharging set current below the tem 
perature threshold, if the temperature is within a temperature 
transition interval. Thereby, the temperature transition inter 
val may adjoinedly extend above the temperature threshold, 
and may exhibit a second temperature width (82). Thereby, in 
particular, the second temperature width (82) may not be 
greater than the width of the temperature interval extending 
from the temperature threshold up to higher temperatures. 
0121 Further preferred embodiments are illustrated in the 
attached drawings. 
0122 FIG. 1 shows a schematic block diagram of a facility 
10 operating according to galvanic principles according to the 
invention. The facility 10 comprises an accumulator 12 hav 
ing a plurality, in the example four, galvanic cells 14-1, 14-2, 
14-3, 14-4, and the accumulator terminals 38 (38+, 38-) as 
well as an operating management system 16. 
0123 The operating management system 16 comprises 
the following: A central processing unit (CPU) 18, a program 
storage unit (P-S) 20 for storing algorithms, respectively cal 
culation specifications for the processing of the facility 10 in 
the form of programs and Sub-programs, a data storage unit 
(D-S) 22 for the storage of parameters for the characterization 
of an electric operating condition of the facility, and the 
time-dependencies of these parameters for characterizing the 
operation history of the facility, a facility for the switch of the 
current, respectively multiplexer (I-MUX) 24 for the tar 
geted, respectively cell-specific application of a charging cur 
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rent to a respective galvanic cell 14-1, 14-2, 14-3, 14-4 via a 
corresponding current conductor 30-1, 30-2, 30-3, 30-4, 
respectively 30-5, a facility for the switch of a signal of the 
current switch, respectively multiplexer (T-MUS) 26 for mul 
tiplexing and transferring current Switch signals between the 
facility for the switch of the current switch and respective 
facilities for the switch of current 34-1, 34-2, 34-3 and 34-4 
that are attributed to the galvanic cells 14-1, 14-2, 14-3, 14-4, 
as well as a facility for measuring the temperature of the 
signal switch, respectively multiplexer (T-MUX) 28 for the 
targeted, respectively addressable addressing of temperature 
measurement units 56, 58, 60, 62 and for the recording, 
respectively transferring oftemperature measurement signals 
that are displayed by the temperature sensors 56,58, 60, 62 
via respective temperature measurement signal lines 36 con 
necting the temperature sensors and the switch facility 28 for 
measuring the temperature signals. 
0.124. The accumulator 12 comprises at least one, two, 
three, in the present example four or more galvanic cells 14-1, 
14-2, 14-3, 14-4, which are electrically connected to each 
other in serial, respectively parallel connection, in order to 
provide a desired total Voltage, respectively a desired total 
capacity (total discharging current) at the terminals 38+, 38 
of the accumulator. For this, the galvanic cells 14-1, 14-2, 
14-3, 14-4 of the accumulator 12 have essentially the same 
construction. 

0.125. In the embodiment presented in FIG. 1, four gal 
vanic cells 14-1, 14-2, 14-3, 14-4 are connected in series such 
that between the terminals 38+,38- of the accumulator 12 the 
four-fold of a single-voltage of a galvanic cell is provided as 
total Voltage of the accumulator 12. In an electric serial con 
nection of galvanic cells, the output Voltages of the individual 
cells add to the total Voltage of the galvanic cells being con 
nected in a serial connection. In a parallel connection of 
galvanic cells, the capacities (respectively discharging cur 
rents) of the galvanic cells being connected in parallel add to 
a total capacity, (respectively to a total discharging current) 
corresponding to the number of the galvanic cells being con 
nected in parallel. It is also possible to connect several 
arrangements of galvanic cells being connected one after the 
other, respectively being connected in series, respectively, to 
a parallel connection, and thus to obtain as total Voltage a 
multitude of the single Voltage of a galvanic cell, and as total 
capacity a multitude of the single capacity of a galvanic cell. 
I0126. A respective galvanic cell 14-1, 14-2, 14-3, 14-4 
comprises a cell housing 40, a cell housing cover 41, a nega 
tive electrode, respectively cathode 42, comprising a cathode 
terminal 44, a cathode current conductor 46, a cathode active 
layer 48, a positive electrode, respectively anode 43 compris 
ing an anode terminal 45, and anode current conductor 50. 
and an anode active layer 52, a separator comprising electro 
lyte 54 for making an electrochemical operative connection 
between the cathode active layer 48 and the anode active layer 
52, as well as at least a temperature sensor that is selected 
from a group comprising the following: a sensor 56 for mea 
Suring a temperature of cathode 44, a sensor 58 for measuring 
a temperature of anode 45, a sensor 60 for measuring a tem 
perature of the electrolyte 54, a sensor 62 for measuring a 
temperature of the galvanic cell. The sensor 56 for measuring 
the cathode temperature is in heat-conducting communica 
tion with the current conductor 46 and the active layer 48 of 
the electrode, and is arranged at a portion of the cathode 
terminal 44 protruding from the cell housing cover 42. The 
thus arranged cathode temperature sensor 56 measures a tem 
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perature being representative for the cathode. The anode tem 
perature sensor 58 is in heat-conducting communication with 
the current conductor 50 and the active layer 52 of the anode, 
and is arranged at a portion of the anode terminal 45 protrud 
ing from the cell housing cover 42. The thus arranged anode 
temperature sensor 58 measures a temperature being repre 
sentative for the temperature of the anode 43. The electrolyte 
temperature sensor 60 is in the interior of the housing 40 in 
heat-conducting communication with electrolyte 54, and is 
arranged as far as possible both from the cathode and the 
anode, preferably in the same distance from anode 43 and 
cathode 42, in particular at the bottom of the housing 40 in the 
embodiment shown in FIG. 1. The electrolyte temperature 
sensor 60 measures a temperature, which is representative for 
the temperature of the electrolyte. The cell temperature sen 
sor 62 is arranged in heat-conducting communication with 
galvanic cell 17, in particular in the embodiment shown in 
FIG. 1 at an outer side of the housing 40, and preferably 
essentially in the same distance to anode 43 and cathode 42. 
The cell temperature sensor 62 is not in heat-conducting 
communication with one of the electrodes 42, respectively 43 
or electrolyte 54, however measures an averaged temperature, 
which is representative for the cell. 
0127. A respective temperature sensor being arranged in 
the galvanic cell 14-1, that is the cathode temperature sensor 
56-1, the anode temperature sensor 58-1, the electronic tem 
perature sensor 60-1, and the cell temperature sensor 62-1 is 
connected via a respective temperature measurement signal 
line 36-1, 36-2, 23-3, 36-4 to the temperature measurement 
signal Switch 28 of the operation management system 16. A 
respective signal generated by one of the temperature mea 
surement sensors 56, 58, 60, 62 is an electric voltage or an 
electric current, which is/are transferred via a suitable ana 
logue-to-digital converter (not shown) to a digital signal and 
is transferred via the temperature measurement signal-multi 
plexer 28 to the central control unit 18. There, the measure 
ment signal is converted to a temperature value and may be 
stored within a data storage unit 22 for the later analysis. The 
analogue-to-digital converter (not shown) for the temperature 
measurement signals may be integrally provided within the 
temperature sensors 56, 58, 60, 62, or in the temperature 
measurement signal Switch facility 28, or may be separately 
provided. 
0128. For the more precise thermal characterization of a 
respective galvanic cell 14-1, 14-2, 14-3, 14-4, a respective 
cell may not only comprise one, but also several sensors being 
arranged at different positions, respectively being in heat 
conducting communication with different elements of the 
galvanic cell, in particular of the above-mentioned types 56, 
58, 60 and 62. To a respective galvanic cell 14-1, 14-2, 14-3, 
14-4, a group oftemperature measurement signals lines 36-1, 
36-2, 36-3, 36-4 is attributed, which are in electrically con 
ducting connection with the temperature measurement signal 
switch unit 28 by means of a bus system 36. 
0129. By means of the current multiplexer 24, the charg 
ing current of a respective galvanic cell 14-1, 14-2, 14-3, 14-4 
may be applied individually, in groups or collectively onto a 
single galvanic cell, a selected group of galvanic cells or the 
entirety of the galvanic cells. Thereby, the cathode terminal 
44-1 of cathode 42-1 of a first galvanic cell 14-1 is connected 
via a current conductor to an external terminal 38, more 
precise to the negative terminal 38- of accumulator 12, and 
via a current line 30-1 being switchable by means of a current 
switch facility 34-1 to a current switch facility 24. The anode 
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terminal 45-1 of the first galvanic cell 14-1 is connected via a 
current line being switchable by means of a current switch 
facility 34-2 to cathode terminal 44-2 of the second galvanic 
cell 14-2, and via a current line 30-2 to current switch facility 
24. The anode terminal 45-2 of the second galvanic cell 14-2 
is connected via a current line being Switchable by means of 
the current switch facility 34-3 to cathode terminal 44-3 of the 
third galvanic cell 14-3, and via a current line 30-3 to current 
switch facility 24. The anode terminal 45-3 of the third gal 
vanic cell 14-3 is connected via a current line being switch 
able by means of the current switch facility 34-4 to cathode 
terminal 44-4 of the fourth galvanic cell 14-4, and via a 
current line 30-4 to the current switch facility 24. Finally, 
cathode terminal 44-4 of the fourth galvanic cell 14-4 is 
connected via a current line being switchable by means of the 
current switch facility 34-5 to anode terminal 38+of accumu 
lator 12, and via a current line 30-5 to the current switch 
facility 24. 
0.130. A respective current measurement unit 34-1, 34-2, 
34-3, 34-4, 34-5 is connected by means of a current switch 
signal line 32-1, 32-2, 32-3, 32-4, respectively 32-5 to the 
current Switch signal Switch unit 26, and is targetedly Swit 
chable between a closed, respectively current-conducting 
condition and an open, respectively condition interrupting the 
Current. 

I0131) If, for example, the current switch unit 34-1 is 
switched by means of the current signal switch line 32-1 to a 
closed condition, and the current switch unit 34-2 is switched 
via the current signal switch line 32-2 to an opened condition, 
then a charging current for the first galvanic cell 14-1 by 
means of Suitable corresponding Switch, respectively 
addressing via the current Switch unit 24 may be targetedly 
applied, and may be regulated with regard to the strength via 
the current line 30-2 through the galvanic cell 14-1, and the 
current line 30-1 of the first galvanic cell 14-1. If the current 
switch unit 34-3 is switched via the current switch signal line 
32-3 to an opened condition and the current switch unit 34-2 
is switched via the current switch signal line 30-2 to a closed, 
respectively current-conducting condition, then a charging 
current for the second galvanic cell 14-2 by means of suitable 
addressing and Switch by means of the current Switch unit 24 
via the current line 30-2, and by means of the current switch 
unit 34-2 to the cathode terminal 44-2 of the second galvanic 
cell 14-2, via the second galvanic cell 14-2, the anode termi 
nal 45-2 thereof and the current line 30-3, may be targetedly 
applied, and may be regulated with regard to the strength of 
the second galvanic cell 14-2. In a respective manner, for a 
respective galvanic cell, the charging current may be target 
edly addressed and may be regulatedly applied with regard to 
strength. By means of a Suitable addressing of the current 
Switch control units 34-1 to 34-5, a charging current may also 
be targetedly applied in series by means of 2, 3 or all galvanic 
cells, in particular four galvanic cells 14-1, 14-2, 14-3, 14-4 
shown in FIG. 2. 
0.132. The applied charging currents, the galvanic cells 
having been applied therewith, and the points in time may be 
recorded and may be stored in the data storage unit 22 for 
characterizing the charging history of the individual galvanic 
cells. 

0133. If all current switch units 34-1 to 34-5 are in a 
closed, respectively current-conducting condition, then 
between terminals 38' and 38'+ of accumulator 12, a total 
discharging current of the galvanic cells may be provided. 
The discharging current may be recorded by means of Suit 
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able measurement devices, and may be stored together with 
the respective measurement points for recording the dis 
charge history also in data storage unit 22. 
0134 Similarly, the individual galvanic cells or groups of 
galvanic cells may be targetedly applied with a charging 
current, for selected galvanic cells or groups of galvanic cells 
the electric capacity, the electric Voltage being measurable 
between the two terminals in the open-circuit operation or in 
a load-dependent terminal Voltage, the internal resistance 
with which the galvanic cell is afflicted, the already charged 
or available electric charge of the selected cell or group of 
cells, leaking currents between the terminals within the gal 
vanic cell or from cell to cell in the selected group of cell, can 
be measured and may be recorded together with the respec 
tive measurement points, and may be stored in the data Stor 
age unit 22 of the operating management system 16 for the 
Subsequent analysis. In this manner, the history of the electric 
operating conditions of the accumulator 12 including the 
electric operating condition in a respective galvanic cell 14-1 
to 14-4 may be recorded within the accumulator 12 by means 
of the operating management system 16. 
0135 From the recorded charging, respectively discharg 
ing histories, derived figures that are known to the person 
skilled in the art such as the actual charging condition (State 
of Charge, SOC) and actual health condition (State of Health, 
SOH) may be calculated. In the latter, for example the calen 
daric aging as well as a total discharge or overload that have 
occurred during the operating period characterizing the gen 
eral (health) condition of a galvanic cell may be taken into 
account, and this may also be used for the control of the 
electric operating condition. 
0.136 FIG. 2 schematically shows an example for the tem 
perature-dependent control of the electric operating condi 
tion, more precise for a parameter of the electric operating 
condition, that is, in particular, for example, the charging 
current of the accumulator 12. The temperature-dependent 
regulation of the charging current being described in the 
following may be used for a respective galvanic cell, selected 
groups of galvanic cells or for the entirety of the galvanic 
cells. Such a temperature-dependent control may also be 
used, for example, for the discharging currents of individual 
galvanic cells, of selected groups of galvanic cells or for the 
entirety of the galvanic cells. 
0.137 As shown in FIG. 2, an admissible range of the 
operating temperature of the galvanic cells of the accumulator 
is divided by means of temperature thresholds T1 (82-1), T2 
(82-2), T3 (82-3), T4 (82-4) and T5 (82-5) into several tem 
perature intervals. The temperature threshold T1 (82-1) is at 
the same time the lower temperature threshold T of the 
admissible range of the operating temperature of the galvanic 
cells. The temperature threshold T5 (82-5) is at the same time 
the upper limit T for the admissible range of operating 
temperatures. Accordingly, the system for the operating man 
agement 16 effects that for temperatures below the lower and 
above the upper temperature limit Ti, respectively T, the 
charging current is essentially Zero, respectively that the gal 
Vanic cells may not be operated (charged or discharged). For 
this, the operating management system 16 may effect that the 
terminals 38+,38- of the accumulator 12 with customer loads 
connected thereto may be separated by Switching the current 
switch units 34-1 and 34-5 into a condition that does not 
conduct current. 

0.138. Within a medium temperature interval in the admis 
sible operating temperature range, in particular as shown in 
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FIG. 2 within the temperature interval between the second 
temperature threshold T2 (82-2) and the third temperature 
threshold T3 (82-3), the maximum value for the charging 
current of a respective galvanic cell is limited to a maximum 
admissible, respectively applicable charging I. This is 
foreshadowed in FIG. 2 thereby that the value I for the 
charging current within the second temperature interval 80-2 
between the second temperature threshold T2 (82-2) and the 
third temperature threshold T3 (82-3) is set to 100% on the 
relative current scale “I”. On the absolute current scale 
“I shown in FIG. 2, this corresponds to a charging current 
of e.g. 40 Ampere for an accumulator, respectively a group of 
galvanic cells being correspondingly connected in series and 
in parallel. 
(0.139. Within the first temperature interval 80-1 between 
the first temperature value T1 (82-1) and the second tempera 
ture threshold T2 (82-2), the set value I for the charging 
current is set to a lower value, essentially to 50% of the 
maximum charging current value I for the second tem 
perature interval 80-2. 
0140. In the third temperature interval 80-3 between the 
third temperature threshold T3 (82-3) and the fourth tempera 
ture threshold T4 (82-4), the value 1 for the charging current 
is set to 90% of the maximum value (100%) of the charging 
current in the second temperature interval (80-2). 
I0141 Instead of the pre-determined set value 1, the 
charging current within the third temperature interval 80-3 
may be limited in dependence on the time-dependent course 
of the electric operating condition, in particular the charging, 
respectively health condition of the galvanic cells, also to a 
range between a lower charging current value (in FIG. 2: 40% 
of I) and an upper limit, in particular the charging current 
value I (in FIG. 2: 90% I). In a similar manner, also in 
other temperature intervals, e.g. in the temperature interval 
80-1 and the temperature interval 80-4, with exception of 
temperature interval 80-2, in which the maximum charging 
current set value I (100%) is predetermined, lower limits 
and upper limits for the charging current may be defined. 
0142. In a fourth temperature interval 80-4 between the 
fourth temperature threshold T4 (82-4) and the fifth tempera 
ture threshold T5 (82–5), the charging current is set to a fourth 
charging current value I (in FIG. 2, for example, 15% 
I), which is less than the upper charging current value Is 
within the third temperature interval 80-3. 
0.143 For the protection of the electrodes, in particular the 
anode, for temperature thresholds, where according to the 
regulation instruction as discussed above, a Switch, respec 
tively a discontinuity of the predetermined charging current 
occurs, a temperature transition interval is set in which the 
charging current is regulated to interim values between the 
charging current values for temperatures above the concerned 
temperature threshold and charging current values for tem 
peratures below the concerned temperature threshold. In FIG. 
2, for example, a first temperature transition interval 84-1 is 
shown having a temperature width 81, which adjoins the 
second temperature threshold T2 (82-2) below, and a second 
temperature transition interval 84-2 having a temperature 
width 82, which adjoins the temperature threshold T4 (82-4) 
above. In the first, respectively the second temperature tran 
sition interval 84-1, respectively 84-2, one or several interim 
values for the charging current are set between the charging 
current value below the concerned temperature threshold and 
the charging current value above the concerned temperature 
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threshold, as is indicated in FIG.2 by the curved dashed lines 
in the temperature transition intervals 84-1 and 84-2. 
014.4 FIG. 3 schematically shows a discontinuity, respec 

tively a switch, occurring at a temperature threshold Tx (82) 
between a charging set value I within a temperature interval 
below a temperature threshold Tx (with x=1, 2, ... 5), and a 
charging current value I, within a temperature interval, which 
adjoins a temperature threshold Tx above, and a temperature 
transition interval 84 having a temperature width 8 being 
attributed to the temperature threshold Tx, which adjoins 
below as shown in the example of FIG.3. The FIGS. 3A to 3F 
show different examples in which manner in the temperature 
transition interval 84 at least an interim value 86, respectively 
two (86-1, 86-2) or several interim values can be set. FIG. 3A 
shows that the control current set value within the tempera 
ture transition interval 84 from the control current set value I 
changeably switches at a (in FIG.3a left) end of the transition 
interval 84 continuously and linearly with the temperature 
over to the set value I, within the temperature interval at the 
other (in FIG. 3A right) end of the transition interval 84, 
respectively above the temperature threshold Tx. FIG. 3B 
shows that within the transition interval 84 the set value in the 
graphic presentation Switches in a staircase-shaped manner 
via several interim values 86-1, 86-2, 86-3... from a control 
value I over to a control value I. FIG. 3C shows that the set 
value in simplification of the control instruction of FIG. 3B. 
switches over via two interim values 86-1, 86-2 from the set 
value I to the set value I. FIG. 3D shows that the control set 
value within the transition interval 84 continuously switches 
over in a temperature dependency that is S-shaped in a 
graphic presentation from control set value I at one end to 
control set value I, at the other end of the transition interval 
84. FIG. 3E shows that the set value within the transition 
interval 84 continuously and monotonically increasingly 
Switches over in the graphic presentation in a right-curved 
curve from the control set value I to the control set value I. 
(0145. In FIG.3 and FIGS. 3A to 3D, the transition interval 
84 is shown adjoining the temperature threshold Tx below. 
However, it may also adjoinedly extend above the tempera 
ture threshold Tx, as is exemplarily shown in FIG. 2 for the 
temperature transition interval 84-2, which adjoins the fourth 
temperature threshold T4 (82-4) above. 
0146 In the preceding description of the control instruc 
tions shown in FIG. 2 and FIGS. 3, 3A to 3F, the control value 
exemplarily was a control current value. This, in general, may 
be a control current value for an individual, arbitrarily 
selected galvanic cell, a selected group of galvanic cells, or 
also collectively for the entirety of the galvanic cells. The 
control instruction in FIGS. 2 and 3A to 3F may also be 
applied to a discharging current, wherein the current values 
then present current limitations for the discharging current. 
The control instructions in FIGS. 2 and 3A to 3F may also be 
applied to charging Voltages and discharging Voltages. 
0147 In the FIGS. 3, 3A to 3F, a temperature transition 
interval 84 has a temperature width 8 that is less than the 
width of the temperature interval in which the temperature 
transition interval extends. However, it is also possible to 
determine the width 8 of the temperature transition interval 84 
equal to the width of the temperature interval in which the 
transition interval 84 extends. In this manner, a continuously 
determined, temperature-dependent control instruction may 
be realized extending over one or several temperature inter 
vals, and finally even extending over the total admissible 
operating temperature range. 
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0.148. The temperature interval limits and the respective 
parameters to be temperature-dependently regulated within 
the set temperature dependencies (control instructions) 
within the temperature intervals for the control values for the 
electric operating condition of a respective cell according to 
the invention, are deposited in a storage unit, in particular in 
the data storage unit 22 of the operating management system 
16, and may be adapted by suitable software updates to a 
respective accumulator type, or also to a defined operating 
condition history. 
0149. It is noted that the foregoing examples have been 
provided merely for the purpose of explanation and are in no 
way to be construed as limiting of the present invention. 
While the present invention has been described with refer 
ence to exemplary embodiments, it is understood that the 
words which have been used herein are words of description 
and illustration, rather than words of limitation. Changes may 
be made, within the purview of the appended claims, as 
presently stated and as amended, without departing from the 
Scope and spirit of the present invention in its aspects. 
Although the present invention has been described herein 
with reference to particular means, materials and embodi 
ments, the present invention is not intended to be limited to 
the particulars disclosed herein; rather, the present invention 
extends to all functionally equivalent structures, methods and 
uses, such as are within the scope of the appended claims. 

Reference Numerals 

0150 10 facility operating according to galvanic prin 
ciples 

0151 12 accumulator 
0152 14-1, 14-2, 14-3, ... galvanic cell 
0153. 16 operating management system 
0154 18 central processing unit (CPU) 
0155 20 program storage unit 
0156 22 data storage unit 
(O157 24 current multiplexer 
0158 26 current switch signal-multiplexer 
0159 28 temperature measurement signal-multiplexer 
(0160 30-1, 30-2, 30-3, ... current line 
0.161 32,32-1, 32-2 ... current switch signal line 
(0162 34-1, 34-2, 34-3, ... current switch unit 
0163. 36,36-1, 36-2, ... temperature measurement signal 
line 

(0164. 38, 38+, 38-accumulator terminal 
0.165 40, 40-1, 40-2, ... cell housing 
0166 41, 41-1, 41-2, ... cell housing cover 
0.167 42, 42-1, 42-2, ... cathode 
(0168 43, 43-1, 43-2, ... anode 
(0169 44, 44-1, 44-2, ... cathode terminal 
(0170 45, 45-1, 45-2, ... anode terminal 
(0171 46 cathode current conductor 
(0172) 48 cathode active layer 
(0173 50 anode current conductor 
(017.4 52 anode active layer 
(0175 54 separator with electrolyte 
0176 56-1, 56-2, ... cathode temperature sensor 
(0177) 58-1, 58-2, ... anode temperature sensor 
0.178 60-1, 60-2, ... electrolyte temperature sensor 
0179 62-1, 62-2, ... cell temperature sensor 
0180 80-1, 80-2, ... temperature interval 
0181 82-1, 82-2, ... temperature threshold 
0182 84, 84-1, 84-2 temperature transition interval 
0183 86,86-1, 86-2 interim value 
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What is claimed is: 
1. A facility which operates according to galvanic prin 

ciples, wherein the facility comprises at least one galvanic 
cell and an operating management system for monitoring and 
controlling an electric operating condition of the facility and 
for monitoring a representative temperature of the facility, the 
operating management system being adapted to control (i) a 
discharging current of the facility as a function of the repre 
sentative temperature, and (ii) an electric operating condition 
of the facility as a function of the representative temperature, 
which electric operating condition is selected from one or 
more parameters comprising an electric capacity of the at 
least one galvanic cell, a measurable Voltage between termi 
nals of the at least one galvanic cell, a magnitude of an electric 
current leading to a discharge of the at least one galvanic cell, 
an internal resistance of the at least one galvanic cell, an 
already charged or available electric charge of the at least one 
galvanic cell, a leakage current between terminals within the 
at least one galvanic cell, a temperature of the at least one 
galvanic cell, which temperature is measured at representa 
tive locations or elements of the cell or at an exterior of the 
cell, a state of charge (SOC), and a state of health (SOH) of the 
at least one galvanic cell. 

2. The facility of claim 1, wherein the operating manage 
ment system is adapted to record and monitor a temperature 
of the facility, and wherein the facility comprises at least one 
temperature measurement unit for measuring a temperature 
of the facility, which temperature measurement unit com 
prises at least one sensor, at least one associated sensor trans 
ferring signal element, and at least one signal analyzing unit. 

3. The facility of claim 2, wherein the operating manage 
ment system is adapted to record and monitor a time depen 
dence of the temperature of the facility. 

4. The facility of claim 2, wherein the operating manage 
ment system comprises at least one temperature measurement 
unit for measuring a temperature of the facility. 

5. The facility of claim 2, wherein the operating manage 
ment system is further adapted to control an electric operating 
condition of the facility as a function of a representative 
parameter that has been determined by the operating manage 
ment system for a charging state or state of health of the 
facility. 

6. The facility of claim 5, wherein the representative 
parameter has been determined by the operating management 
system for a charging state or state of health of the at least one 
galvanic cell. 

7. The facility of claim 1, wherein the operating manage 
ment system is adapted to control the facility in a manner that 
allows at least two galvanic cells to be operated together in 
cell balancing. 

8. The facility of claim 1, wherein the operating manage 
ment system is adapted to control the electric operating con 
dition of the facility in at least two different temperature 
intervals by temperature dependencies that are different from 
each other. 

9. The facility of claim 1, wherein the facility comprises at 
least one temperature measurement unit for measuring a tem 
perature of the facility. 

10. The facility of claim 1, wherein the temperature of the 
facility comprises a temperature that is representative for a 
temperature of at least one of a cathode, an anode, and an 
electrolyte which is in electrochemical operative connection 
with at least one of the cathode and the anode. 
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11. The facility of claim 10, wherein the representative 
temperature of at least one of the cathode and the anode is a 
temperature which is representative for a temperature of at 
least one of a current conductor of the cathode and a current 
conductor of the anode. 

12. The facility of claim 1, wherein the facility comprises 
two or more galvanic cells and at least one temperature mea 
surement unit for each cell. 

13. A method for monitoring and controlling an electric 
operating condition of a facility that operates according to 
galvanic principles and comprises at least one galvanic cell, 
wherein the method comprises: 

(1) monitoring an electric operating condition of the facil 
ity, which operating condition is represented by one or 
more parameters of the facility, 

(2) monitoring a temperature of the facility, and 
(3) controlling the electric operating condition of the facil 

ity, and controlling the discharging current of the of the 
at least one galvanic cell as a function of the temperature 
of the facility, 

the one or more parameters comprising one or more of an 
electric capacity of the at least one galvanic cell, a mea 
Surable voltage between terminals of the at least one 
galvanic cell, a magnitude of an electric current leading 
to a discharge of the at least one galvanic cell, an internal 
resistance of the at least one galvanic cell, an already 
charged or available electric charge of the at least one 
galvanic cell, a leakage current between terminals 
within the at least one galvanic cell, a temperature of the 
at least one galvanic cell, which temperature is measured 
at representative locations or elements of the celloratan 
exterior of the cell, a state of charge (SOC), and a state of 
health (SOH) of the at least one galvanic cell. 

14. The method of claim 13, wherein the electric operating 
condition of the facility is monitored and controlled by an 
operating management system which at least one of 

records and monitors a temperature of the facility; 
controls the electric operating condition of the facility as a 

function of a representative parameter that has been 
determined by the operating management system for a 
charging state or state of health of the facility; 

operates the facility in a manner that allows at least two 
galvanic cells to be operated together in cell balancing. 

15. The method of claim 13, wherein (3) comprises con 
trolling the electric operating condition of the facility in at 
least two different temperature intervals by means of tem 
perature dependencies which are different from each other. 

16. The method of claim 13, wherein (1) comprises record 
ing the temperature of the facility by using a temperature 
measurement unit for measuring the temperature of the facil 
ity. 

17. The method of claim 13, wherein (3) comprises con 
trolling the electric operating condition of the facility also as 
a function of a representative parameter which is determined 
by an operating management system for at least one of a 
charging condition and a health condition of the facility. 

18. The method of claim 13, wherein (3) comprises: 
defining at least one of a lower temperature threshold and 

an upper temperature threshold, 
effecting that the facility is not operated if a temperature of 

the at least one galvanic cell is below the lower tempera 
ture threshold or above the upper temperature threshold. 
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19. The method of claim 13, wherein (3) comprises: 
defining a first temperature threshold, a second tempera 

ture threshold that is greater than or equal to the first 
temperature threshold, a third temperature threshold that 
is greater than or equal to the second temperature thresh 
old, and a fourth temperature threshold that is greater 
than or equal to the third temperature threshold, 

limiting a discharging set value of the at least one galvanic 
cell within a temperature interval between the second 
and third temperature thresholds to a maximium dis 
charging current value, 

limiting a discharging set value of the at least one galvanic 
cell within a temperature interval between the first and 
second temperature thresholds to a first discharging cur 
rent value that is less than the maximum discharging 
current value within the temperature interval between 
the second and third temperature thresholds, 
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limiting a discharging set value of the at least one galvanic 
cell within a temperature interval between the third and 
fourth temperature thresholds to at least one of a second 
discharging current value that is also less than the maxi 
mum discharging current value within the temperature 
interval between the second and third temperature 
thresholds. 

20. The method of claim 19, wherein (3) further comprises: 
limiting a discharging set current of the at least one gal 

vanic cell within a temperature interval between the 
third and fourth temperature thresholds to a third, mini 
mal discharging current value Such that a discharging 
current within this temperature interval is not less than 
minimal discharging current value and not greater thana 
maximum discharging current value. 

k k k k k 


