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a battery is able to deliver its stored electrochemical energy when
required, and also a means for locating This invention relates to methods
and devices for  an abnormal condition while the battery remains In
measuring the impedance of batteries and battery    service. Routine visual
inspections, specific gravity components.
5   readings, voltage readings, and periodic equalizing Secondary batteries
in stationary applications are  charge are all used to keep the battery
ready to per- used at electric generating stations, substations, and  form.
Measurement and testing devices have been industrial plants to perform the
vital functions of circuit  developed for relatively simple systems which
give breaker tripping and automatic switching, to provide  indications of a
battery's ability to deliver its stored for the orderly shutdown of
generating units in an   10  energy. emergency, including the starting of
emergency die-    One example described in U.S. Patent No. sel-generators,
and to power other similar tasks.   3,873,911 to Champlin utilizes an AC
method at 100 Applications requiring a longer-term delivery of bat-
Hz and low current (milliamperes) to obtain a tery energy include emergency
lighting for plants and  measurement of what the patent defines as dynamic
hospitals, and supplying uninterrupted powerfor com-   15  resistance.
Dynamic resistance as defined by Cham- puter and communication equipment.
Batteries must   plin is inversely proportional to the dynamic power - be
ready to deliver their stored energy on demand to  an indicator of the
battery's condition and state-of- accomplish these tasks. Although
batteries are reli-  charge. The disclosed method is primarily designed
able, a failure to supply the required energy would  for testing a single
automotive battery. In the dis- often result in serious consequences.
20   dosed Champlin system the battery to be tested is Battery systems used
for these applications are  isolated from any external electrical load
since a often made up of individual, series-connected cells;  determination
of the dynamic resistance/power is electric utility installations generally
consist of 24, 60,  dependent on a measurement made using the bat- or 120
individual 2-volt cells connected together to  tery's own open-circuit
voltage. For this reason, any provide 48, 120, or 240 VDC. The normal,
steady-   25  significant load on the battery during the test can dis-
state load of sensors, indicating lights, relay coils, and  tort the
measurement. electronic apparatus is supplied by a charger connec-   U.S.
Patent No. 3,676,770 to Sharaf describes a ted to the battery terminals.
The charger also main-  system for indicating the charge remaining in a
bat- tains the battery in a fully-charged state (i.e.,   tery, specifically
a battery for a fork lift truck, while the electrolyte specific gravity of
1.230 for a typical lead-  30   battery is supplying a load. For the first
75% of the bat- acid battery). This is known as float-charge operation.
tery's energy discharge, the charge level is Indicated The normal load
supplied by these batteries is corn-  by an expanded-scale voltmeter. This
measurement plex, and varies with time. It is often not possible to  is
used due to low initial values of battery resistance. disconnect these
loads fortest purposes withoutinter-  For the remaining 25% of the charge,
the battery's rupting the main circuits they control.       .35  internal
resistance increases sufficiently so that it can The battery terminal
voltage or the specific gravity  be compared to a reference resistance. The
measure- of each cell making up a battery are indicators which  ment system
uses short-duration pulses of voltage or have been used to determine
battery state-of-charge.  current spaced seconds apart and is powered by
the It is standard industry practice to take periodic specific  battery.
Typical stationary batteries on float-charge gravity measurements and to
conduct visual and   40  service are characterized by lower resistance and
other checks. However, specific gravity readings do  larger capacitance
than those typically encountered not entirely indicate a battery's ability
to supply power.  in fork li ft truck batteries. These differences reduce
For example, the specific gravity of each cell In a bat-  the reliability
of measurements made in the manner tery may indicate a fully-charged ready
state, but a  described by Sharaf. Also, the charging system nor- high
impedance in one intercell connection can pre-  46   mally used in
stationary applications produces a rip- vent the battery from functioning
as Intended.      ple current that contains harmonics which interact Load
discharge tests can be used to prove a bat-  with the additional
capacitance of connected cables terys ability to perform. A discharge test
is specified  and filters. Such additional capacitance can distort by the
Nuclear Regulatory Commission (NRC) Regu-    pulses, introduce spurious
signals and noise, and lations 0123 (BWR) and 0452 (PWR) for each critical
so  interfere with the use of pulse timing to measure low battery of a
nuclear generating unit. The test must be  values of battery resistance.
performed each time a unit Is refueled. Each dis-      Another example is
described by U.S. Patent No. charge reduces the remaining service life of a
battery  3,753,094 to Furuishi which utilizes a 100 Hz AC sig- and may
cause deterioration which can impairthe bat-  nal at low current to measure
battery internal im- tery's ability to function next time in an on-line
situa-   55  pedance. The Furuishi patent, like the Champlin tion. A load
discharge test may indicate trouble, but it  patent, provides no suggestion
as to how to measure will often not locate It.                        r
the resistance of a battery which is simultaneously It Is important to have
an in-service indication that  connected to an active load and a battery
charger. 2    
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discloses the use of blocking capaci-  battery is on float charge and
connected to an active tars to prevent a flow of direct currentfrom the
battery.  electrical load. The objectof the Furuishidevice Is to provide a
means  It is still a further object of the Invention to provide for
checking the impedance and hence quality of a   a test apparatus and
procedure for determining and battery during the manufacturing process.
5   predicting a secondary storage batterys ability to sup- Any system that
measures battery impedance      ply power to a load, including during test
periods when must contend with the cell-to-cell variations of this  the
storage battery is on float charge and connected characteristic. Each
individual cell in a battery has a  to an active load. unique electrical
impedance caused by manufactur-      According to a first aspect of the
invention there ing variations. For critical applications, individual cell
10  is provided a battery monitor comprising: Impedances are measured when
manufactured and          a) an AC signal generator adapted to generate an
those which closely match are selected for a battery.  AC signal at a
selected frequency; Normally, Individual cell impedances fall within a
rela-  b) means for applying the AC signal across a first tively narrow
range of values. This variation in indivi-  pair of contacts of a battery;
dual cell impedance makes it desirable to secure a   15  c) means for
determining first and second Ohms- "signature" Initial value of cell
impedance and later to  law-related parameters Indicative of impedance use
this value to detect changes. The Impedance of     across a second pair of
contacts of the battery, the entire battery varies with the sum of
individual cell  said determining means comprising first means impedances
and can be treated in a similar manner.     for supplying a first Input
signal Indicative of the During the service life of an individual cell, its
Im-  20  first Ohms-law-related parameters, the battery pedance may
increase, but the overall change In bat-   monitor being characterized in
that said determin- tery impedance may be quite small. Impedance
ing means further comprises first filter means changes may be due to
reduction in charge state or     coupled to the first supplying means for
passing may Indicate a developing defect which could impair    components
of the first input signal at the selec- battery performance.
25      ted frequency and for attenuating at least compo- in measuring the
impedance of a stationary sec-     nents of the first input signal in a
first attenuation ondary battery, the measuring system must contend
frequency range greater than the selected fre- with large capacitance
values. In their September,     quency, said first filter means operating
to gener- 1959 IEEE paper entitled "Battery Impedance:           ate a
first filtered output signal; and Farads, Milliohms, Microhenrys",
Wilinganz and   30     first means for measuring said first filtered output
Rohner report that the apparent capacitance values     signal to determine
said first Ohms-law-related range from 1 farad to several hundred farads,
depend-  parameter. ing on battery size and testfrequency. The resistance
In the embodiments described below, the two will be 0.1 to 10 milliohms,
while the inductance will  Ohms-law-related parameters are current and
volt- be less than 0.1 microhenry. It is important to consider  35  age,
but In alternative embodiments other par- the magnitude of these quantities
when using im-    ameters, such as dissipated power across a resistor,
pedance changes to determine battery condition.     may well be
substituted. US4433294 (Windebank) discloses a battery           This
Invention is particularly useful in monitoring monitor comprising:
the condition of a battery while the battery is connec- a) an AC signal
generator adapted to generate an   40  ted both to a battery charger and to
an active electrical AC signal at a selected frequency;              load.
Typically, such a charger and active load will b) means for applying the AC
signal across a first  cause AC currents to flow through the battery at a
pair of contacts of a battery; and              number of characteristic
frequencies, such as har- c) means for determining first and second ohms-
monics and subharnonics of the AC source which law related parameters
indicative of impedance   45  powers the charger. Preferably, the selected
fre- across a second pair of contacts of the battery,  quency of the AC
signal generator is spaced from said determining means comprising first
means   these characteristic frequencies, and the filter oper- for
supplying a first input signal indicative of the  ates to block the
characteristic frequencies while pas- first ohms-aw related parameter
sing the selected frequency. In this way, the It is an object of the
present Invention to locate a   50   measurement of the Ohms-law-related
parameter is defect in an individual cell of a multicell secondary  made
substantially Independentof currents in the bat- storage battery, Including
during periods when the  tery resulting from the charger and the active
load. battery is on float charge and connected to an active  A further
object of the present invention is to electrical load.
detect changes in the overall Impedance of a multicell It Is another object
of the present invention to  55  secondary storage battery, including the
intercell con- locate electrical connections external to the individual
nectors, by the continuous measurement and moni- cells that have impedances
much greater than the   toring of the terminal to terminal Impedance while
the statistical norm, including during periods when the  battery is float
charged and connected to an active 3    
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FIGURE 1a is a schematic circuit diagram of the According to a second
aspect of the present     capacitor and switching circuit of Figure 1.
invention there is provided a method for comparing     FIGURE 2 is a
schematic circuit diagram of a sec- the impedance of a plurality of
components of a bat-  ond preferred embodiment of the battery condition
tery while said battery Is electrically connected to a   5   monitor of
this invention, which utilizes a computer to charger and an active load,
said battery comprising a  calculate and record battery Impedance automati-
pair of battery output terminals and a plurality of cells  cally.
electrically connected between the battery output ter-  FIGURE 3 isa
schematic circuit diagram of a third minals each of said components
comprising a pair of  preferred embodiment which can be used as a diag-
electrical contacts, said method comprising the steps   10  nostic tool to
measure the Impedance of Individual of:
battery components. a) passing an AC current of a known magnitude
FIGURE 4 is a partial perspective view of the bat- through the battery
across the battery output ter-  tery diagnostic tool of Figure 3 connected
to measure minals, said AC current having a selected fre-  the overall
impedance of a battery cell. quency, characterized in that the method   15
FIGURE 5 Is a partial perspective view of the bat- includes the following
steps:                  tery diagnostic tool of Figure 3 connected to
measure b) obtaining a first voltage signal indicative of the  the
impedance of a single electrical connection of an AC voltage across the
pair of electrical contacts  intercell connector. of a first one of the
components; c) passing the first voltage signal through a filter  20
DETAILED DESCRIPTION OF THE PRESENTLY operative to pass components of the
first voltage  PREFERRED EMBODIMENTS signal at the selected frequency and
to attenuate components of the first voltage signal in an       The
preferred embodiments described below are attenuation frequency range which
includes fre-  designed for use in two modes of operation. The first
quencies greater than the selected frequency;    25   mode Is that of a
battery condition monitor used to d) measuring the first voltage signal as
filtered in  monitor the Impedance of a multicell secondary bat- step (c)
to obtain a first voltage measurement;  tery continuously in order to
measure its ability to e) combining the first voltage measurement with
deliver stored energy to a connected load, and also to the known magnitude
of the current to obtain a  give a warning of developing trouble. The
second first impedance value;                     30   mode is that of a
diagnostic tool used to determine the f) repeating steps (b) through (e)
with a second  location of a high Impedance individual cell orintercell
voltage signal indicative of the AC voltage across  connection of the
battery. In both modes of operation, the pair of electrical contacts of a
second one of  the battery under test preferably remains connected the
components to obtain a second Impedance    to a battery charger which
continues to supply the nor- value; and                                 35
mal electrical load and to maintain the battery at float g) comparing the
first and second impedance     charge level. All of the embodiments
described below values.                                         utilize an
AC signal generator having a specially This method allows the impedance of
individual  selected frequency for measuring the Impedance of components of
the battery to be measured and asses-  the battery and its components. sed
while the battery is connected to both a charger  40  The embodiments of
Figures 1 and 2 operate as and an active load.As with the apparatus of this
Inven-  a battery condition monitor to measure and display tion, the use of
a filter which passes signals at the  the battery impedance at all times
while the battery is selected frequency of the AC current and attenuates
on float charge and connected to an active load. Typi- other frequencies
allows an accurate measurement to  cally, a 2% increase in total battery
impedance may be obtained without removing the battery from ser-  45
signal developing trouble, and further testing of indi- vice.
vidual cells and connections of the battery should be The invention itself,
together with further objects  performed to determine the cause of any such
and attendant advantages, will best be understood by  increase in total
battery impedance. reference to the following detailed description, taken
Referring to Figure 1, the first preferred embodi- in conjunction with the
accompanying drawings.  50   ment of this invention is used the measure the
total im- pedance of a battery 6 while it is connected in circuit BRIEF
DESCRIPTION OF DRAWINGS                      with a battery charger 4 and
an active electrical load 8. The charger 4 is powered by an AC supply
source FIGURE 1 is aschematic circuit diagram of a first  (not shown) which
typically operates at either 60 or 50 presenlty preferred embodiment of the
battery condi-  55   Hz. For this reason, the DC current supplied by the
tion monitor of this invention, which measures and  charger 4 will
typically have a ripple current compo- continuously monitors the Impedance
of a multicell  nent which often ranges between 3 and 5% of the am-
secondary storage battery, terminal-to-terminal.   plitude of the DC
voltage. This ripple current 4    
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voltage supplied by the charger 4 is  switching circuit 10 can be used to
pass an AC signal largely distributed at harmonics and subharmonics of  of
a regulated amplitude and a known frequency the fundamental frequency of
the AC supply source.  through the battery 16. The load 8, depending upon
its particular electrical   The embodimentof Figure 1 includes an ammeter
characteristics, can create further AC components on   5   34 which
operates to measure the amperage of the the voltage placed across the
battery 6 by the charger  AC signal supplied by theAC generator2. This
amme- 4. For example, commonly utilized frequencies such  ter 34 includes a
shunt resistor 36 interconnected be- as 400 or 1000 Hz may often be
associated with the  tween the second input 14 of the circuit 10 and the AC
electrical load 8. In the circuit of Figure 1, the charger  generator 2.
The voltage drop across this shunt resis- is both supplying current to the
electrical load 8, as   10  tor36 is amplifed by an amplifier 38, and the
resulting well as maintaining the battery 6 in a float charge con-  signal
is supplied as an input to a bandpass filter 40. dition.
This bandpass filter 40 is tuned tothe same frequency The embodiment of
Figure 1 includes an AC sine  as that of the AC generator 2, and it
operates to pass wave generator 2 which generates an AC signal that
signals at the selected frequency while blocking sig- is supplied across
the battery 6 via a capacitor and  15  nals having frequencies either above
or below the switching circuit 10. In this embodiment, the amper-  selected
frequency. The amplitude of the resulting fil- age of this AC signal is
regulated by the AC generator  tered signal is then measured with a meter
42. 2 to preferably within 0.5% of the desired value. Fur-  The embodiment
of Figure 1 also includes a thermore, the frequency of the signal supplied
by the  voltmeter 44 connected to measure the voltage AC generator 2 is
held constant, In this embodiment  20  across the first and second outputs
16,18. This at25 Hz. Because the battery 6 presents an extremely  voltmeter
44 includes an amplifier 46, a filter 48, and low impedance path as
compared to that of the      a meter 50 which operate similarly to the
correspond- charger 4 and the load 8, a large majority of the cur-  ing
components of the ammeter 34. rent supplied by the AC generator 2 flows
through the  The following information is provided merely by battery 6. For
this reason, any measurement of the   25   way of example in order betterto
define the bestmode voltage across the battery 6 at the frequency of the
of this invention. The AC generator 2 of Figure 1 can generator 2 is
consistently proportional to the im-  be implemented with a wide variety of
circuits. The pedance of the battery 6.                          power
frequency converter supplied by Diego Power Figure ib shows a detailed
schematic diagram of  (San Diego, California) as Model 1011-9 has been the
capacitor and switching circuit 10 of Figure 1a.  30  found to be suitable.
In this embodiment, the AC This circuit 10 Includes first and second inputs
12,14  generator 2 is adjusted to supply a current of 1 amp and first and
second outputs 16,18. The first and sec-  ata frequencyof 25 Hz.The
capacitor28 in this embo- ond inputs 12,14 receive the AC signal generated
by  diment is preferably a 6000 microfarad capacitor the AC generator 2,
and the first and second outputs  rated for a working voltage of 300 VDC.
The fuses 16,18 are connected across the output terminals of  35  24,26 In
this embodiment are 10 amp fuses, and the the battery 6.
resistor 32 is a 10 K Ohms, 12 watt resistor. In this The circuit 10
includes first and second switches  embodiment the shunt 38 is preferably a
50 amp, 50 20,22. The common pole of the first switch 20 is con-  millivolt
shunt, and the amplifier 38, filter 40, and nected via a fuse 24 with the
first output 16, and the  meter 42 can be obtained as a single unit
identified by common pole of the second switch 22 is connected   40
General Radio of Concord, Mass., as Model No. 1564. via the series
combination of a second fuse 26 and a  General Radio Model No. 1564 can
also be used for capacitor 28 with the second output 18. A neon bulb  the
amplifier 46, the filter 48 and the meter 50. Pref- 30 is connected in
parallel across the capacitor 28.  erably, the filters 40,48 are both
centered at 26 Hz in When the switches 20,22 are in the central posi-  this
embodiment, and the filters 40,48 provide more tion shown in Figure 1b, the
inputs 12,14 are isolated   45  than 40 dB attenuation for all frequencies
below 12.5 from the outputs 16,18, and the outputs 16,18 are iso-  Hz or
greater than 50Hz. The amplifiers 38,46 should lated from each other. When
the switches 20,22 are  of course be capable of withstanding the DC voltage
moved to a first position (to the right as shown in Fig-  of the battery 6.
ure 1a) the first and second outputs 16,18 are inter-  The frequency
distribution of harmonic signal connected via a resistor 32, the capacitor
28, and the   50  components normally present in the charger-load fuses
24,26. When the switches 20,22 are moved to  combination should be
considered carefully when a second position (to the left as shown In Figure
1 b),  selecting the frequency of the generator 2 and the fil- the first
input 12 is interconnected with the first output  ters 40,48. This is
because the amplitude of such har- 16 via the first fuse 24, and the second
input 14 is  monic components typically varies in time. For this
interconnected with the second output 18 via the  55  reason, any harmonic
components flowing through capacitor 28 and the second fuse 26.
the battery 6 and having a frequency close to that of From the foregoing
description it should be appa-  the generator 2 will contribute to errors
in the im- rent that the AC generator 2 and the capacitor and  pedance
measurement. 5    
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embodiment the frequency of the AC cur-  erably regulated at a magnitude of
1 ampere. The rent supplied by the generator 2 has been selected to  meter
50 of the voltmeter 44 can then be read directly avoid harmonics or
subharmonics originating in the  to determine the Impedance of the battery
6. output of the charger 4, and also those frequencies   It is important to
recognize that this impedance which are commonly used in the electrical
load 8,   5   measurement is made while the battery 6 Is intercon- such as
400 and 1000 Hz. The frequency of the AC   nected with both the charger 4
and the active load 8. generator 2 for any particular charger-load combi-
Because the filter 48 Is tuned to the same frequency nation can be selected
after first analyzing the power  as that of the signal supplied by the AC
generator 2, spectrum of the voltage across the battery 6. The AC  and
because this frequency Is selected to avoid generator 2 should then be
tuned to operate at a fre-  10  characteristic frequencies in the power
spectrum of quency characterized by consistently low power. In  the charger
4 and the load 8, a reliable measurement most applications, when the
charger 4 is powered by  of battery Impedance Is obtained. The ammeter 34
a60HzAC powersource,afrequencyof 11-14,21-29       can be used to check the
amperage of the AC signal or 91-109 Hz can be used for the AC generator 2
and       supplied by the AC generator 2 to allow adjustment of the filters
40,48. At present, a frequency of 25 Hz is  15  this amperage If necessary.
preferred for these applications. When the charger 4  Figure 2 shows a
schematic diagram of a second is powered by an AC powersource operating at
50 Hz,  preferred embodiment of this invention which is simi- it Is often
preferable to set the AC generator 2 and the  lar in many respects to the
first preferred embodiment filters 40,48 for 30 or 120 Hz.
described ab ove. Corresponding reference numerals In this preferred
embodiment the current supplied   20  have been used for corresponding
elements in the by the generator 2 to the battery 6 is preferably limited
two embodiments. Because elements 2-50 of the two to 1 ampere to avoid
undesirable effects on the bat-  embodiments are identical, they will not
be described tery 6, yet to provide a sufficient current to allow an  again
here. Rather, the following discussion will focus accurate and precise
measurement of the Impedance  only on the differences between the two
embodi- across the battery 6. A regulated current of exactly 1   25
ments. ampere has one important benefit, in that any voltage  in the
embodiment of Figure 2 the filtered signal reading obtained with the
voltmeter 44 will equal the  supplied by the filter 40 to the meter 42 of
the ammeter impedance of the battery In Ohms. The capacitor 28  34 Is
sampled and digitized by a transducer 52, and is provided to isolate the AC
generator 2 from direct  then supplied as an input to a computer 56.
Similarly, current supplied by the battery 6. In alternative embo-  30  the
filtered signal supplied by the filter48 to the meter diments, where the
current regulation of the AC    50 in the voltmeter 44 is also sampled and
digitized generator2 is sufficiently reliable, the ammeter34 can  by a
transducer 54 and supplied as a second input to be eliminated. Preferably,
the voltmeter 44 should be  the computer 56. Thus, the computer is supplied
with sufficiently accurate and sensitive to display meas-  a digitized
measurement of the measured AC current urements in the low millivolt range
and to indicate  35  at the selected frequency by the transducer 52, and
changes of as little as 1 or 2 millivolts, which may be       of the
measured voltage across the battery 6 at the indative of developing
problems with the battery 6.  selected frequency by the transducer 54. The
com- In operation, the embodiment of Figure 1 is used  puter 56 is
programmed to divide the voltage as follows. First the switches 20,22 are
placed in the  measurement by the current measurement and to central
position as shown in Figure 1b, and the out-  40  print the resulting
impedance value on a printer 58 on puts 16,18 are connected across the
output terminals  a regular basis. Thus, the computer 56 repeatedly of the
battery 6, as shown in Figure 1a. Because the  measures and displays the
impedance of the battery outputs 16,18 are Isolated from one another and
from     6. Because the embodiment of Figure 2 divides the the AC generator
2 when the switches 20,22 are in the  voltage measurement by the current
measurement, it central position, the possibility of arcing is minimized.
45  Is not necessary for the AC generator to provide a Once the outputs
18,18 have been connected across  regulated current as described above.
Simply by way the battery 6, the switches 20,22 are then moved to  of
example, the signal sampling and digitizing system the first position (to
the right as shown In Figure 1a).  marketed by Keithley as Model No. 197
can be used This establishes a current path between the outputs  for the
transducers 52,54. 16,18 through the resistor 32 and the capacitor 28,  50
The first and second embodiments of Figures 1 thereby charging the
capacitor 28 to the working volt-  and 2 provide a substantially continuous
indication of age of the battery 6. A sufficient charge on the capaci-  the
condition of the battery 6, while the battery 6 is tor 28 is indicated by
the neon bulb 30. Once the  connected to both the charger 4 and the load 8.
These capacitor 28 has been charged, the switches 20,22  embodiments may be
used to supplement the stan- can be moved to the second position (to the
left as  55   dard industry practice of periodic visual and other shown in
Figure 1a). In this second position the AC  checks of the condition of a
secondary battery. These generator 2 applies a sinusoidal AC current across
embodiments can be used to detect developing trou- the battery 6. As
explained above, this current is pref-  ble in the battery 6, whether it
results from increased 6    
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Individual cell, or increased im-  interceli connections of the battery 6.
In order to pedance of an intrcell connection. As described   measure the
impedance of an individual cell 60 such below, the third embodiment of
Figure 3 can then be  as the cell 60c of Figure 4, the probes 68,70 are
used to locate the particular cell or intercell connec-  pushed against the
terminals 64,66, respectively. tion that has resulted in an increase in
battery im-   5   Then the current and voltage measurements of the pedance,
again without requiring that the battery 6 be  ammeter 34 and the
voltmeter44 are noted and recor- isolated from the charger 4 or the load 8.
ded and used to determine the impedance of the cell Figure 3 shows the
third preferred embodiment of  60c. this invention adapted to locate the
particular cell or  The Impedance of the intercell connection be-
interconnection of the battery 6 characterized by a   10  tween adjacent
cells 60c,60d can then be measured high impedance. Elements 2-50 of this
preferred   simply by moving the probe 68 from the position embodiment can
be identical with the corresponding  shown in solid lines in Figure 4 to
the position shown elements of the first preferred embodiment of Figure  in
dotted lines In Figure 4, leaving the other probe 70 1, and will not be
described again here.         In place on the terminal 66 of the cell 60c.
The As shown in Figure 3, the battery 6 includes a   15  measured values of
current and voltage as indicated plurality of individual battery cells
60a,60b ... 60n.  by the ammeter 34 and the voltmeter 44 are then Each
battery cell defines two output terminals 64,66,  noted and recorded in
order to determine the im- and adjacent battery cells are interconnected by
an  pedance of the Intercell connection. intercell conductor 62. In the
embodiment of Figure 3,  The above procedure is then repeated for each the
two inputs to the amplifier46 are connected to res-  20  individual cell
and each intercell connection. To pective probes 68,70. These probes 68,70
are prefer-  obtain the next measurement of cell Impedance, the ably of the
type having spring-loaded contact points  probe 70 is moved from the
terminal 66 of the cell 60c which twist as they are pushed against the
metal ter-  to the terminal 66 of the cell 60d. Readings are then minals.
This approach assures a consistent, low resi-  recorded as previously
described. Of course, in the stance probe contact. Probes supplied by James
G.  25  event a regulated generator 2 is used, it may not be Biddle Company
of Plymouth Meeting, Pennsylvania  necessary to record the current measured
by the as Model No. 241001-7 have been found suitable.   ammeter 34 for
each test. Preferably, the voltmeter 44 should be adjusted to   Once
impedances have been calculated for each provide a fast response and
settling time and should  Individual cell 60 and each intercell connection,
the be capable of displaying values as low as 100 micro-  30  arithmetic
mean impedance for the cells 60 Is deter- volts.
mined along with the arithmetic mean impedance for In use, the embodiment
of Figure 3 operates to  the intercell connections. Cells or intercel
connec- measure impedances having lower values than those  tions having
impedances that differ from the corre- of the entire battery 6. For this
reason, it has been  sponding arithmetic mean by more than 15% should found
preferable to increase the magnitude of the AC   35  preferably be
investigated further to determine the current supplied by the generator 2
to about 10   cause of the increased impedance, such a cell amperes for
tests involving individual cells 60 and ter-   deterioration or intercell
connection corrosion. minals 64,86. Impedance values of individual 2-volt
In the event the impedance of an intercell connec- cells 60 range from
about typical values of about 10  tion between adjacent cells Is more than
15% greater milliohms for the type of battery used in many subs-  40  than
the arithmetic mean, the cause Is likely to be at tations to about 0.3
milliohms for large batteries of the  one or both of the electrical
interconnections between type used In stations. The impedance of battery
con-  the terminals 64,66 and the intercell conductor 62. nections is
typically on the order of 10 to 200   Figure 5 Illustrates the use of the
probes 68,70 to microhms. When the amperage of the AC signal gen-  measure
the impedance of such an electrical inter- erated by the AC generator 2 is
maintained at 10  45  connection. One of the probes 68 is placed on the
cor- amperes, voltage readings of the voltmeter 44 typi-  responding
terminal 64 of the cell 60 and the other of cally vary in the range of
3-100 millivolts for cell impe-  the probes 70 is placed on the intercell
conductor 62. dances and in the range of 0.1-2 millivolts for intercell
The measured impedance of any one of these elec- connections. As suggested
above, the current output  trical interconnections is then compared with
identical of the generator 2 can be regulated In order to mini-  50
interconnections at other cells to determine which mize calculations
required to convert the reading of  connection is causing the measured
increase in inter- the voltmeter 44 to an impedance value. Alternately,
cell impedance. Of course, other measurement pro- an unregulated AC
generator 2 can be used and the  cedures can be used depending upon the
physical reading of the voltmeter 44 can simply be divided by  layout of
the battery installation and Its connections. the reading of the ammeter
34, either manually or  55  From the foregoing, it should be apparent that
an automatically.                                    improved apparatus and
method have been des- Figures 4 and 5 illustrate a method for testing the
cribed for monitoring and diagnosing the condition of Impedance of the
individual cells 60 and the individual  a battery. In all embodiments, an
AC generator is 7    



13                  EP 0 276 305 B1                 14 used to generate an
AC current at a selected fre-  than the selected frequency, said first
filter means (46 quency which does not correspond to any characteri-  or
38) operating to generate a first filtered output sig- stic frequency of
the charger-load circuit in which the  nal; and battery to be tested is
connected. Voltage and current  first means (50 or 42) for measuring said
first measurements are then made via respective   5   filtered output
signal to determine said first Ohms-law- bandpass filters which are tuned
to the frequency of  related parameter. the AC generator and which block AC
signals at the     2. The invention of Claim 1 wherein a battery
characteristic frequencies of the charger-load circuit.  charger (4), and
an electrical load (8) are electrically In this way, a reliable measure of
battery impedance  connected to said battery (6), wherein said battery can
be obtained simply and quickly, while the battery  10  charger (4) and said
electrical load (8) cause AC cur- remains connected to both the charger and
the load.  rents In said battery (6) at a plurality of characteristic In
the embodiments described above, the filters  frequencies, and wherein the
first attenuation fre- 40,48 have been described as bandpass filters. It
quency range includes the plurality of characteristic should be understood
that it is not necessary in all  frequencies. applications that bandpass
filters be used. As an alter-  15  3. The invention of Claim 2 wherein the
battery native, in the event the frequency of the AC generator  charger (4)
and the load (8) are connected In parallel is sulficiently low, and in the
event there are no sig-  with one another across the battery (6). nificant
frequencies of the charger-load circuit below  4. The Invention of Claims
1, 2 or 3 wherein said the frequency ofthe AC generator, then a low-pass
fl-  first and second Ohms-law-related parameters corre- ter may be
substituted for the bandpass filters des-  20  spond to voltage and
current, respectively, wherein cribed above. Of course, the particular
apparatus  said first input signal corresponds to voltage across used to
measure voltage or current, the particular AC  said second pair of
contacts, and wherein the first generator, and the particular structure of
the capacitor  measuring means (50) measures the voltage of the and
switching circuit can all be modified as approp-  input signal as filtered
by the first filter means (48). riate for the particular application.
Furthermore, it is  25  5. The invention of Claim 4 wherein the determin-
not critical In all applications that the measured par-  ing means (34, 44)
regulates the second Ohms-law- ameters correspond directly to voltage and
current.  related parameter to a predetermined value. Any other
Ohms-law-related parameter which varies      6. The invention of any one of
Claims 1 to 5 whe- as a function of the impedance of the battery being
rein the determining means (34, 44) further com- tested, such as dissipated
power across a resistance   30   prises: for example, can be substituted as
desired.              second means (46 or 38) for supplying a sec- It is
therefore intended that the foregoing detailed  ond input signal indicative
of said second Ohms-law- description be regarded as illustrative ratherthan
limi-  related parameter, ting, and that it be understood that it is the
following  second filter means (40 or 48) connected to claims, including
all equivalents, which are intended   35  said second supplying means (46
or 38) for passing to define the scope of this invention.
components ofthe second inputsignal attheselected frequency and for
attenuating at least components of the second input signal in a second
attenuation fre- Claims                                             quency
range greater than the selected frequency, 40  said second filter means (40
or 48) operating to gen- 1. A battery monitor comprising:
erate a second filtered output signal; and a) an AC signal generator (2)
adapted to generate    second means (42 or 50) for measuring said an AC
signal at a selected frequency;           second filtered output signal to
determine said second b) means (10, 16, 18) for applying the AC signal
Ohms-law-related parameter. across a first pair of contacts of a battery
(6);  45  7. The Invention of Claim 6 wherein said first and c) means
(34,44)for determining first and second  second attenuation frequency
ranges are identical. Ohms-law-related parameters indicative of im-      B.
The Invention of Claims 6 or 7 further compris- pedance across a second
pair of contacts of the  ing: battery, said determining means comprising
first     means (56) for automatically combining the means (46 or 38) for
supplying a first input signal  50  first and second Ohms-law-related
parameters to indicative of the first Ohms-law-related par-   determine
said impedance. ameter, the battery monitor being characterized    9. The
invention of any one of the preceding in thatsaid determining means further
comprises:  Claims wherein the first pair of contacts is one and the first
filter means (48 or 40) coupled to the first  same with the second pair of
contacts. supplying means (46 or 38) for passing components  55  10. The
Invention of any one of the preceding of the first input signal at the
selected frequency and  Claims wherein the battery (6) comprises a pair of
out- for attenuating at least components of the first input  put contacts
(16, 18) wherein the battery (6) com- signal in a first attenuation
frequency range greater  prises a plurality of cells (60a to 60n), each
having a 8    



13                  EP 0 276 305 B1                      14 used to
generate an AC current at a selected fre-   than the selected frequency,
said first filter means (46 quency which does not correspond to any
characteri-  or 38) operating to generate a first filtered output sig- sic
frequency of the charger-load circuit in which the  nal; and battery to be
tested is connected. Voltage and current   first means (50 or 42) for
measuring said first measurements are then  made via respective   5
filtered outputsignal to determine said first Ohms-law- bandpass fiters
which are tuned to the frequency of  related parameter. the AC generator
and which block AC signals at the     2. The invention of Claim 1 wherein a
battery characteristic frequencies of the charger-load circuit  charger
(4), and an electrical load (8) are electrically In this way, a reliable
measure of battery impedance  connected to said battery (6), wherein said
battery can be obtained simply and quickly, while the battery  10  charger
(4) and said electrical load (8) cause AC cur- remains connected to both
the charger and the load.  rents In said battery (6) at a plurality of
characteristic In the embodiments described above, the filters
frequencies, and wherein the first attenuation fre- 40,48 have been
described as bandpass filters. It   quency range Includes the plurality of
characteristic should be understood that it is not necessary in all
frequencies. applications that bandpass  ters be used. As an alter-  15  3.
The invention of Claim 2 wherein the battery native, in the event the
frequency of the AC generator  charger (4) and the load (8) are connected
In parallel is sufficiently low, and in the event there are no sig-  with
one another across the battery (6). nificant frequencies of the
charger-load circuit below  4. The invention of Claims 1, 2 or 3 wherein
said the frequency of the AC generator, then a low-pass fil-  first and
second Ohms-law-related parameters corre- ter may be substituted for the
bandpass filters des-  20  spond to voltage and current, respectively,
wherein cribed above. Of course, the particular apparatus   said first
input signal corresponds to voltage across used to measure voltage or
current, the particular AC  said second pair of contacts, and wherein the
first generator, and the particularstructure of the capacitor  measuring
means (50) measures the voltage of the and switching circuit can all be
modified as approp-  input signal as filtered by the first filter means
(48). riate for the particular application. Furthermore, it is  25  5. The
invention of Claim 4 wherein the determin- not critical in all applications
that the measured par-  ing means (34,44) regulates the second Ohms-law-
ameters correspond directly to voltage and current  related parameter to a
predetermined value. Any other Ohms-law-related parameter which varies
6. The invention of any one of Claims 1 to 5 whe- as a function of the
impedance of the battery being  rein the determining means (34, 44) further
cam tested, such as dissipated power across a resistance   30   prises: for
example, can be substituted as desired.               second means (46 or
38) for supplying a sec- It is therefore Intended that the foregoing
detailed  ond input signal indicative of said second Ohms-law- description
be regarded as illustrative rather than limi-  related parameter, ting, and
that it be understood that it is the following  second filter means (40 or
48) connected to claims, including all equivalents, which are intended   35
said second supplying means (46 or 38) for passing to define the scope of
this invention.              components of the second input signal at the
selected frequency and for attenuating at least components of the second
input signal In a second attenuation fre- Claims
quency range greater than the selected frequency, 40  said second filter
means (40 or 48) operating to gen- 1. A battery monitor comprising:
erate a second filtered output signal; and a) an AC signal generator (2)
adapted to generate     second means (42 or 50) for measuring said an AC
signal at a selected frequency;           second filtered output signal to
determine said second b) means (10, 16, 18) for applying the AC signal
Ohms-law-related parameter. across a first pair of contacts of a battery
(6);  45  7. The invention of Claim 6 wherein said first and c) means
(34,44) for determining first and second  second attenuation frequency
ranges are identical. Ohms-law-related parameters indicative of im-
8. The invention of Claims 6 or 7 further compris- pedance across a second
pair of contacts of the  ing: battery, said determining means comprising
first      means (56) for automatically combining the means (46 or 38) for
supplying a first input signal  50  first and second Ohms-law-related
parameters to indicative of the first Ohms-law-related par-    determine
said Impedance. ameter, the battery monitor being characterized     9. The
invention of any one of the preceding In that said determining means
further comprises:  Claims wherein the first pair of contacts is one and
the first filter means (48 or 40) coupled to the first  same with the
second pair of contacts. supplying means (46 or 38) for passing components
55   10. The Invention of any one of the preceding of the first input
signal at the selected frequency and  Claims wherein the battery (6)
comprises a pair of out- for attenuating at least components of the first
input  put contacts (16, 18) wherein the battery (6) com- signal in a first
attenuation frequency range greater  prises a plurality of cells (60a to
60n), each having a 8    
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output contacts (64, 66), wherein the first pair  nents of said second
input signal at said selected fre- of contacts corresponds to the output
contacts of the  quency and to attenuate components in said attenuat-
battery (16, 18), and wherein the second pair of con-  ing frequency range;
and tacts corresponds to the output contacts (64, 66) of     means (50) for
measuring the magnitude ofthe one of the cells ( 60a to 60n).
5   second input signal as filtered by the second 11. The invention of any
one of the preceding   bandpass filter (48). Claims further comprising
means (28) for blocking DC   18. A method for comparing the impedance of a
current flow through a circuit comprising the battery  plurality of
components (60a to 60n, 62) of a battery (6) and the AC signal generator
(2).               (6) while said battery (6) is electrically connected to
a 12. The Invention of any one of the preceding   10  charger (4) and an
active load (8), said battery (6) Claims wherein said selected frequency is
in the   comprising a pair of battery output terminals (16, 18) range of
11-14 Hz.                                 and a plurality of cells (60a to
60n) electrically connec- 13. The Invention of any one of Claims 1 to 11
ted between the battery output terminals (16, 18), wherein said selected
frequency is in the range of 21-  each of said components (60a to 60n, 62)
comprising 29 Hz.                                        15   a pair of
electrical contacts (64,66), said method com- 14. The invention of any one
of Claims 1 to 11  prising the steps of: wherein said selected frequency is
in the range of 91-  a) passing an AC current of a known magnitude 109 Hz.
through the battery (6) across the battery output 15. The invention of any
one of the preceding      terminals (16, 18), said AC current having a
Claims wherein said first filter means (48 or 40) corn-  20  selected
frequency, characterized in that the prises a bandpass filter centered at
the selected fre-  method includes the following steps: quency and
operative to attenuate signals having       b) obtaining a first voltage
signal indicative of the frequencies above and below the selectedfrequency.
AC voltage across the pair of electrical contacts 16. The invention of any
one of the preceding      (64, 66) of a first one of the components (60a to
Claims wherein the AC signal is sinusoidal in  25     60n, 62); waveform.
c) passing the first voltage signal through a filter 17. The invention of
Claim 2 wherein said first    (48) operative to pass components of the
first supplying means (46) first filter means (48) and first  voltage
signal at the selected frequency and to measuring means (50) comprise an
ammeter (42)          attenuate components of the first voltage signal In
coupled to said applying means (10, 16, 18) to gener-  30  an attenuation
frequency range which Includes ate a current measurement indicative of the
mag-      frequencies greater than the selected frequency; nitude of the AC
current applied to the battery (6) at  d) measuring the first voltage
signal as filtered In said selected frequency, said ammeter comprising:
step (c) to obtain a first voltage measurement; means (30), coupled to the
applying means        e) combining the first voltage measurement with (10,
16, 18) for developing a first input signal indica-  35  the known
magnitude of the current to obtain a tive of the magnitude of current
applied to the battery  first Impedance value; (6) by the AC signal
generator (2);                   f) repeating steps (b) through (e) with a
second a first bandpass filter (40) centered on said    voltage signal
indicative of the AC voltage across selected frequency and operative to
pass compo-       the pair of electrical contacts (64,66) of a second nents
of the first input signal at said selected fre-  40  one of the components
(60a to 60n, 82) to obtain quency and to attenuate components in an
a second impedance value; and attenuating range which extends above and
below        g) comparing the first and second impedance said selected
frequency range and which includes       values. said plurality of
characteristic frequencies; and      19. The method of Claim 18 wherein
each of the means (42) for measuring the magnitude of the first  45
components (60a to 60n, 62) comprises a respective Input signal as filtered
by the first bandpass filter (40);  cell (60a to 60n), and wherein the
first and second im- and
pedance values correspond to the impedance of the wherein said determining
means (34, 44)       respective cells (60a to 60n). further comprises a
voltmeter (44) coupled to said bat-  20. The method of Claim 18 wherein
each of the tery (6) to generate a voltage measurement Indicative   50
components (60a to 60n, 62) comprises a respective of the magnitude of the
AC voltage across a second  intercell conductor (62), and wherein the first
and sec- pair of contacts of the battery, said voltmeter (44)  ond
impedance values correspond to the impedance comprising:
of respective intercell connections. means (44), coupled to the second pair
of con-   21. The method of Claim 15 wherein each of the tacts, for
developing a second input signal indicative  55   components (60a to 60n,
62) comprises a respective of the voltage across the second pair of
contacts;  eletrical connection, and wherein the first and second a second
bandpass filter (48) centered on said  impedance values correspond to the
impedance of selected frequency and operative to pass compo-    the
respective electrical connections. 9    



17                 EP 0 276 305 B1                 18 22. The method of any
one of Claims 18 to 21      2. Die Erfindung von Anspruch 1, wobei ein Bat-
wherein said selected frequency is in the range of 11-  terielader (4) und
elne elekirische Last (8) eiektrisi.h 14 Hz
mit der Batterie (6) verbunden sind, wobel der Batte-, 23. The method of
any one of Claims 18 to 21   rielader (4) und die eiektrische Last (8)
Wechsei- wherein said selected frequency is in the range of 21-   5
strdme  in  der  Batterie  (6)  bel mehreren 29 Hz.
charakterisUschen Frequenzen verursachen, und 24. The method of any one of
Claims 18 to 21   wobei der crate Dfmpfungsfrequenzbereich die Vlel-
wherein said selected frequency is in the range of 91 -  zahl
charakteristischer Frequenzen enthilt. 109 Hz.
3. Die Erfindung von Anspruch 2. wobel der Bat- 25. The method of any one
of Claims 18 to 24  10  terelader (4) und die Lest (8) parallel
zuelnanderfiber wherein the filter (48) of step (c) is a bandpass filter
die Batterie (69 geschaltet sind. (48) centered at the selected frequency
and wherein  4. Die Erfindung der Ansprfiche 1, 2 oder 3, bei the
attenuation frequency range extends above and  der die ersten und zweiten
auf das Ohm'sche Gesetz below the selected frequency.
bezogenen Parameter der Spennung bzw. dam 26. The method of any one of
Claims 18 to 25  15  Strom entsprechen, wobel das erste Eingangssignal
wherein the charger (4) and the active load (8) cause  der Spannung fiber
dam zwelten Kontaktpaar ent- additional AC currents at characteristic
frequencies to  spricht und die erste Megeinrichtung (50) die Span- pass
through the battery (6), wherein the characteri-  nung des Eingangssignals,
wle von der ersten stic frequencies are spaced from the selected fre-
Filtereinrichtung (48) geflitert, mift. quency, and wherein the filter (48)
of step (c)  20  5. Die Erfindung von Anspruch 4, bel der die attenuates
all of the characteristic frequencies.  Bestimmungseinrichtuns (34,44) den
zweiten auf das 27. The method of any one of Claims 18 to 26   Ohm'sche
Gesetz bezogenen Parameter auf einen wherein the AC current is sinusoidal
in waveform.  vorbestimmten Wert regeit. 6. Die Erfindung nach elnem der
AnsprOche I bla 25 5, bei der die Bestimmungsoinrichtung (234, 44) wei-A
Patentanspruche                                   ter enthllt. eine zweibt
Einrichtung (46 oder 38) zum 1. Satterlesberwachungsgerit, enthaltend:
Abgeben sines zweiten Eingangssignais, das fOr den a) einen
Wechselspannungs-Signalgenerator (2)  zweiten auf das Ohm'sche Gesetz
bezogenen Para- zur Erzeugung eines Wechselspannungssignals  30  meter
kennzeichnend Ist; bel einer ausgewAhiten Frequenz;                    elne
zwelte Filtereinrichtung (40 oder 48). die b) eine Einrlohtung (10, 16, 18)
zum belegen des  mit der zweiten Zuffihrungseinrichtung (46 oder 38)
Wechseispannungssignals fiber em crstes Kon-   verbunden ist, urn
Frequenzen des zwelten Eln- taktpar ehner Batterie (6);
gangssignals bei der ausgewahiten Frequenz durch- c) ehe Einrichtung (34,
44) zum Bestimmen  35  zulassen und wenigstens Komponenten des zweiten
erster und zweiter auf das Ohm'sche Gesetz     Eingangssignsis ih elnem
zwelten Dampfungsfre- bezogener Parameter, die die impedanz fiber el n
quenzberelch stirker als die ausgewAhile Frequenz zweites Kontaktpaarder
Batterie angeben, wobel  zu dlmpfen, wobel die zwelte Filtereinrchtung (40
die Bestimmungseinrichtung eine crate Einrich-  oder 48) zur Erzeougung
einsv zweiten gefilterten Aus- tung (46 oder 38) zum Abgeben eines ersten
Eln-  40  gangasignals arbeitet; und gangasignals, des fOr den ersten auf
das            eine zwelte Einrichtung (42 oder 50) zum Mes- Ohmsche Gesetz
bezogenen Parameter kenn-       sen des zweiten gefliterten Ausgangesignals
zur zeichnend lbt, dadurch gekennzeichnet, dai3 die  Bestimmung des zweiten
auf das Ohmnsche Gesetz Bestimmungainrichiung welterhin enthilt
bezogenen Parameters. ehne erste Filtereinrichtung (48 oder 40), die  45
7. Die Erfindung von Anspruch 6. bet der die mit der ersten
Zufflhrungseenrichtung (46 oder 38)  ersten und zwelten
Dfimpfungsftequenzbereicts verbunden 1st, urn Komponenten des ersten En-
identisch sind. gangasignals bet der augewihiten Frequenz durch-     8 Die
Erfindung der Ansprliche 6 oder 7, welter- zulassen und wenigtens
iKomponenten des ersten    hin enthaltend Eingangssignals In elnem  ersten
Dlmpfingsfre-  50     eina   Einrichtung (56) zurm automatischen
quenzberelch stirker zu daImpfen, als die ausge-  Kombinieren der ersten
und zweiten auf das wihite Frequenz, wobei die crate Filtereinrichtung (46
-  Ohm'sche Gesetz bezogenen Paramter zur Bestirn- ode 38) zur Erzeugung
eines crsten gefilterten Aus-  mung der Impedanz. gangssignals arbeltet;
und                            9. Die Erfindung nach einem
dervorhergehenden eine erste Einrichtung (50 oder 42) zum Mes-  55
Ansprfche, bes der des erste Kontaktpaar und des sen des ersten gefllterten
Ausgangesignals, urn den  zwelte Kontaktpaar ein und dasseibe let. ersten,
auf das Ohm'sche Gesetz bezogenen Para-       10. Die Erfindung nach elnem
der vorhergehen- motorzu bestimmen.                                den
Ansprfiche, bea der die Batterle (6) ein PearAus-    19                 EP
0 276 305 1                  20        C   L  M   ! 



gangskontakte (6, 18) aufweai, wobel die Batterie (6)  zu erzeugon, die
ffrdie Stfirke derWechselspannung mehrere Zellen (60a - 60n) enthilt, die
jeweils ein  iber einem zwelten Kontaktpaar der Batterde kenn-
Ausgangskontaktpaar (84, 68) aufwelsen, wobel das  zeichnend ist,
enthaltend: erste Kontaktpaar den Ausgangskiontakten der Batte-     esne
Elnrichtung (44), die mit dam zwolten re (18, 18) entspricht und das zwetsi
Kontaktpaar den   c   Kontaktpaar vetbunden Ist, um sine zweltes Ein-
Ausgangskontakiten (64, 66) elnerderZellen (BOa bis  gangssignai zu
entwickeln, das fOr die Spannung. 60n) entspricht.
Ober dam zweiten Kontaktpaar kenmzeichnend Ist; 11. Die Erfindung nach
elnem der vorhergehen-        sin zweltes Bandpaefilter (48), dessen
Mitten- den Ansprflche, welterhin enthaltend sine Einrichtung  frequenz In
der suagewshiten Frequenz Ibegt und (28) zum Blociceren elnes Glelchstron
durch sine  lO  dazu dient, Komponenten des zwelten Eingmngsst- Schaltung,
die die Batterie (6) und den Wechaelspan-  gnals beT derausgewahiten
Frequenzdurchzulassen, nungesignalgenerator (2) enthalt.
und Komponenten In dem Dampfungshequenzbe- 12. Die Erfindung nach einem der
vorhergehen-  relch zu dimpfen; und den AnsprOche, bei der die ausgewahlte
Frequenz im      sine Einrichtung (50) zurn Messen der StIrke Bersich
zwiechen 11 und 14 Hz Ilegt.         is  des zwelten Eingangssignals, wio
durch des zwelte 13. Dib Erfindung nach einem der Ansprflche I
Bandpaifilter (48) gefiltert. bls 11, bel der die ausgewihite Frequenz im
Berelch   18. Verfahren zum Verglelchen der Impedanz von 21 bis 29 Hz
llegt.                           mehrerer Komponenten (60a bis iOn, 62)
elner Bat- 14. Die Erfindung nach elnem der Ansprfiche I  terle (6),
wahrend die Batterie (6) elektrisch mit einem bis 11, bet der die
ausgewahite Frequenz Im Bereich  20  Lader (4) und einer aktiven Last (8)
verbunden Ist, von 91 bis 109 Hz liegt.                           wobei die
Battefie (6) sin Paar Batterleausgangsan- 15. Die Erfindung nach einem der
vorhergehen-  schlOsse (16, 18) und mehrere Zellen (BOa bis 60n) den
Anspruche, be[ der die erste Fliterenfrichtung (48  aufwelst, die
elektrisch zwlschen die Batterisaus- oder 40) sin Bandpalfllter enthalt,
dessen Mittenfre-  gangsanschlisse (16, 18) geschaltetsind, wobeljede quenz
auf der ausgewlhIten Frequenz liegt und des  25  der Komponenten (60a bis
60n, 82) sin Pear eleiktr- dazu dient, Signals zu dampfen, die Frequenzen
scher Kontskte (64, 66) aufweist, enthaltend.die fol- oberhalb und
unterhalb der ausgewihiten Frequenz   genden Schritte haben.
a) Durchleiten sines Wechesietroms bekannter 16. Die Erfindung nach elnem
der vorhergehen-     Amplitude durch die Batted. (6) fiber die Batte- den
Ansprflche, bet der das Wechselspannungsst-  30   rieausgangsanschflsse
(16, 18), wobei der gnal sinusftrmig ist.
Wechselstrom sine ausgewihite Frequenz auf- 17. Die Erfindungi nach
Anspruch 2, bel der die   weist, dadurch gekennzelchnet, dao das Verfah-
erste Zufflhreinrichtung (46), die erste Flltereinrich-  ren die folgenden
Schritte umfait: tung (48) und die erste Meteinrichtung (50) sin       b)
Erhalten sines ersten Spannungsslgnats, das Amperemster (42) enthalten, das
mit der Anlegeein-  36  fOr die Wechselspannung fiber das Pear.sekirt-
nichtung (10, 16, 18) verbunden Ist, um sine Strom    scher Kontakte (64,
66) einer ersten der Kompo- messung zu erzeugen, die fOr die Starke des an
die    nenten (60a bis 80n, 82) kennzeichnend bst; Battrle (6) bel der
augewahiten Frequenz angeleg.     c) Durchleiten des ersten
Spannungasignals ten Wechselstroms kennzeichnend ist, enthaltend:
durch sin Filter (48), des dazu dient, Komponen- sine Einrichtung (30), die
mit der Anlegeein-  40  ten des ersten Spannungasignals bel der ausge-
richtung (10, 16, 18) verbundmn ist, urn sin states Emn-  wahiten
Frequenz   durchzulassen   und gangssignal zu entwickeln, des f~r die
Stirke des von  Komponenten des ersten Spannungssignals In dem
Wechsiapannungasignalgenerator (2) an die         einem
DAmpfungsfrequenzberaich, der Frequen- Batterne (6) angelegten Stroms
kennzeichnend ist;     zen grdber als die ausgewihlt Frequenzumfa~t, sin
erstes Bandpalifiltar(40), dessen Mittenfre-  45  zu dlmpfen; quenz In der
ausgewihiten Frequenz Ilegt und dazu     d) Messen des eraten
Spannungesignals, we es dient, Komponenten des ersten Elngangssignals, bel
Im Schritt (c) geffitert wurde, urn sine ersteSpan- der ausgewihiten
Frequenzdurchzulassen und Kom-       nungmrnessung zu erhalten; ponenten In
elnem Dimpfumngsberelch zu dampfen,       e) Kombinleren der ersten
Spannungsweslung der slch oberhalb und unterhalb des ausgewihiten  so  mit
der bekannten Amplitude des Stroms urn Frequenzbereichs erstreckt und das
mehrere charak-    elnen ersten Impedanzwert zu erhalten; teristische
Frequenzen aufWeist; und                 f) Wiederholen der Schritte (b)
bis (e) mt einem sine Einrichtung (42) zum Messen der Stfirke    zwelten
Spannungssignai, das fOr die Wechsel- des ersten Eingangssignais, wie durch
das erste       spannung fiber das Pear elektrischer Kontakte
Bandpailfilter (40) geflltert; und            ss      (64, 6) einer zwelten
der Kornponenten (60a bls wobel die Bestimmungseinrichtung (34, 44)
BOn, 62) kennzelchnend ist, urn einen zwelten weiterhin sin Voltmeter (44)
enthalt, das mit der Bat-  Spannungswert zu erhalen; und terie (6)
verbunden ist, um sine Spannungamessung     g) Vergleichen der ersten und
zweiten Impedan- 11    21                  EP 0 276 305 B1
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zwert.                                             dispositif (48 ou 38)
destinb A transmettre Un pre- - 19. Verfahren nach Anspruch 18, bel dem
jede     mier signal d'entree repr6sentat-f du premlpr der Komponenten (B0a
bis 60n, 62) sine entspre-       parametre 116 a la Loi d'Ohm, l'apparell
de chende Zelle (60a bis 60n) enthalt und wobel die      contr6le de
battere etant caract6rls6 on ce quo let ersten und zweilten Impedanzwerte
der Impedanz der   5  dispositif de d6termination comporte en outre:
jewelligen Zeilen (80a bis S0n) entspricht.             un premier
dispositif de flitrage (48 ou 40) cou- 20. Verfahren nach Anspruch 18, bei
dem jede   p16 au premier dispositif d'allmentation (46 ou 38) et der
Komponenten (60a bis 80n, 62) elinen entspre-  destin6 A transmettre des
composantes du premier chenden Leiter (62) zwlschen den Zdllen enthalt und
signal d'entr6e a la frequence choisle et A attenuer au wobei die esten und
zwelten Impedanzwerte der  10  molns les composantes du premlersignal
d'entree qul Impedanz derJeweiligen Verbindungen zwischen den  sont
comprises dine une premlere plage de fr6quen- Zellen entsprechen.
ces d'attbnuation supbrleures A lafrequence cholese, 21. Veriahren nach
Anspruch 18, bal dem jede   le premier dispositif de filtrage (46 ou 38)
assurant la der Komponenten (60a bis 60n, 62) sine jeweilige   cr6atlon
d'un premier signal filtrd de sortie, et eslktische Verbindung enthalt und
wobeil die ersten   15  un premier dispositif (50 ou 42) destin6 b und
zwelten Impedanzwerte der Impedanz der         mesurer le premler signal
fNitr6 de sortie et A d6ternl- jeweillgen slektrischen Vorbindung
entsprechen.    ner Is premier parametre 116 A la Lol d'Ohm. 22. Verfahren
nach elnem der AnsprOche 18 bis      2. Invention selon la revendicatlon 1,
dans 21, bel dem die ausgewahlbt Frequenz Im Berelch   laquelle un chargeur
de batterle (4) et une charge von 11 bis 14 Hz llegt.
20  6lectrique (8) sont connectes electriquement Ala bat- 23. Verfahren
nach elnem der Anspruche 18 bis  tens (6), et le chargeur (4) et la charge
6iectrique (8) 21, bel dim die ausgeowhite Frequenz im Bereich
provoquent la creation de courants alternatifs dans la von 21 bis 29 Hz
llegt.                            batterie (6) A piusleurs fr6quences
caracteristiques, 24. Verfahren nach sinem der Anspruche 18 bis  et la
premiere plage de fr6quences d'att6nuatcicn 21, bel dem die ausgewahite
Frequenz im bereich von   25  comprend ces frequences caractnristiques. 91
bis 109 Hz liegt                                   3. Invention selon la
revendication 2, dans6: 25. Verfahren nach sdnem der Anspruche 18 bis
laquelle Is chargeur de batterie (4) et le charge (8) 24, bel dem des
Filter (48) vom Schritt (c) sin Band-  sont connectes en parallels l'un
avec I'autre aux bor- palfllter (48) lt, dessen Mittenfrequenz auf der aus-
nes de la batterle (6). gesuchten  Frequenz  liegt und  wobel  der  30
4. Invention selon la revendbcation 1, 2 ou 3, dans
Dimpfungsfrequenzberelch sich oberhalb und unter-  laquelle le premier et
le second parambtres lles A la halb der ausgewahitn Frequenz erstreckt.
Lol d'Ohm correspondent A une tension et a un cou- 26. Verfahren nach elnem
der Ansprfche 18 bis  rant respectivement, et le premier signal d'entrne
25, bel dem der Lader (4) und die aktive Last (8) das  correspond A une
tension appliquie A la seconde Hindurchielten von zuslitzlchen Str8men bei
charak-  35  pairs de contacts, et le premier dispositif de mesure
terlstleclhen Frequenzen durch die Batterie (6) bewir-  (50) assure la
mesure de la tension du signal d'entree ken, wobel die charaktedistischen
Frequenzen von   flitri dans le premier dispositif de filtrage (48). der
ausgewAhiten Frequenz Abstand haben und das       5. Invention selon la
revendication 4, dans Filter (48) vom Schritt (c) alle charakterlstischen
Fre-  laquelle le dispositif (34 44) de dtebrmination rigule quenzen
drmpnt.                               40  le second parambtre lie A la Loi
d'OWm a une valeur 27. Verfahren nach elnem der Anspruche 18 bls
predetermin6e. 26, bel dem der Wechselstrom ainusfOrmig Ist.         8.
Invention selon l'une quelconque des revendi- cations 1 A 5, dans laquelle
le dispositf de dtebrmi- nation (34, 44) comports en outre: Revendications
45        un second dispositif (46 ou 38) destne a trans- mettre un second
signal d'entrbe representatif du 1. Apparell de controls de batterle
comprenant:  second parametre 116 A la Lol d'Ohm, a) un ginirateur (2) de
signaux alternatifs des-     un second dispositif de filtrage (40 ou 48)t
Othn a crfier un signal altematif a une frequence  connecte au second
dispositif d'allmentation (46 ou choisle
so  38) et destine A transmettre des composantes du b) un dispositif(10,
18, 18) destin6 A appliquer un  second signal d'entree a la frequence
cholise et A signal alternaf A une premiere pairs de contacts  attinuer au
mohs des composantes du second signal dune batterne (8),
d'entree qui sont comprises dans une seconds plage c) un dispositif (34,
44) destln6 A diteominer un  de fr6quenoes d'attenuaffon sup~rieure A la
fri- premier et un second parametres ies A la Lo!  s5   quence cholese, le
second dispositif de filtrage (40 ou d'Ohm et reprisentatife de limpidance
entre une  48) assurant Is cuatfon d'un second signal filtre de seconds
pairs de contacts de la batteres le dis-  sortle, et positif de
determination comprenant un premier       un second dispositif (42 ou 50)
de mesure du 12    ;             s       23                  BP0276305B31
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second signal fftre de sortie, destine a determiner le  que a la batterie
(6) par le generatour (2) de signaux second parametre 116 A la Lol d'Ohm.
altematife, 7. Invention selon la revendication 6, dans          un
premierfiltre passe-bands (40) centrksurla laquelle la premire et la
seconds plages de frequen-  frequence choisfe et destine a labser passer
les ces d'att6nuation sont identiques.            5   composantes du
premier signal d'entr6e A 8 a:* Invention salon la revendbcation 6 ou 7,
quence choisle et & attenuer les composantos dens comprenant en outre un
dispositif (56) de combinal-  une plage d'att6nuation qui est piacee
au-dessus et son automatique du premier et du second parametres  au-dessous
de la plage de efiquence cholsbe et qul ies & la Loi d'Ohm afin que
l'impidance soft determi-  comprend plusleurs frequences caractristiques,
et nbe.                                         10         un dispositif
(42) destnie A mesurorl'amplitudo 9. Invention solon l'une quelconque des
revendi-  du premier signal d'entr6o fltre per le premier filtre cations
precedentes, dens laquedle la premlere pairs  passe-bande (40), et de
contacts est confondue avec la seconds pairs de      dans laquelle le
dispositif (34, 44) de ditermi- contacts.
nation comporte en outre un voirtmtre (44) coupte A 10. Invention selon
l'une quelconque des reven-  15  la battere (6) et destin6 A crier une
mesure de ton- dications precedentbs, dens laquelle la battere (6) a  sion
representative do l'amplitude de la tension alter- une paire do contacts de
sortie (16, 18), la battens (6)  native entre les contacts de la seconds
pairs de la a plusleurs cellules (60a a 60n) ayant chacune une  batteries,
is voltmetre (44) compronant: pairs de contacts de sortie (64, 66)1
premibre pairs   un dispositif (44) couple A Ia seconde paire de de
contacts correspond aux contacts de sortie de la  2o  contacts et desffne A
crier un second signal d'entrie batterle (16, 18), et la seconds pairs de
contacts  representatif de la tension entre les contacts de Ia correspond
aux contacts de sortie (64, 66) de l'une  seconds paire, des cehlules (60a
A 60n).                               un second filtro passe-bande (48)
centrA sur la 11. Invention solon l'une quelconque des reven-  frfiquence
cholsbe et destine A laisser passer les dications precedentes, comprenant
en outre un dis-  25  cornposantes du second signal d'entri. A la *6
positHf (28) destinb a arrster la circulation du courant  quence chosise et
a attinuer les composanteof de Ia continu dans un circuit comprenant la
batterne (6) et  plage des frequences d'attinuation, et le gbnerateur (2)
de signaux altematlls.                un dispositif (50) de mesure de
l'amplitude du 12. Invention salon l'une quelconque des reven-  second
signal d'entrbeflitrb parle secondfiltre passe- dications pricedentes, dans
laquelle la frequence  3o  bande(48). choisie est comprise entre 11 et 14
Hz.               18. Procidi de comparaison de iimpidance de 13. Invention
solon l'une quelconque des reven-  plusleurs elbments constituents (60a a
80n, 82) d'une dbcations I A 11, dons laquelle la frequence choisie
batterse (6) alors quo la battere (6) eat connectie set comprise entre 21
et 29 Hz                    olectriquement A un chargeur (4) et A une
charge 14. Invention solon liune quelconque des reven-  35  active (8), Ia
batterie (6) contenant une pairo de bor- dications 1 A 11, dens laquelle la
frequence cholsle  nes de sortie (16, 18) et plusieurs cellules (Oea A 60n)
est comprise entre 91 et 109 Hz.                  qui sont connectees
electriquement entro lea bornes 15. Invention solon 'une quelconque des
reven-  de sortie (16, 18) de la batterie, chacun des 61ements dications
pricidentes, dens laquelle le premier disv-  constituants (60a a 60n, 62)
comportant une pairs de positif de flltrage (48 ou 40) est un filtre
passe-bande   40  contacts 6lectriques (64, 68), le proo6de oomprenant
centrA A une frequence choisie et destini a attenuer  les btapes suivantes:
des signaux ayant des frequences superieures et       a) le passage d'un
courant alternatif d'intensiti Infirleures A la frnquence choisle.
connue dens la batterle (6) entre lee bornes de 16. Invention solon l'une
quelconque des raven-   sortie (16, 18) de ia batterie, le courant atebmatf
dications precidentes, dens laquelle ts signal alterna-  45  ayant une
frequence choisbe, caractirisi en ce tif a une forms d'onde sinuso~dale.
quo le procedi comprend les Atapes sulvantes: 17. Invention selon Is
revendicatfon 2, dans      b) I'obtention d'un premier signal de tension
laqualle le premier dispositif d'alimentation (46), le  representatif de la
tension alternative entre les premier disposiff de filtrage (48) et Is
premier dispo-  contacts electriques de la pair. (64, 68) d'un pro- sitif
de mesure (50) constituent un ampbrembtre (42)  5o  mier des Alrments
constituants (60a A 60n, 82), couple au dispositif (10, 16, 18)
d'application de    c) le passage du premier signal de tension dens manibre
qu'iI cr6e une mesure de courant represen-    un flltre (48) destine A
laisser passer des compo- tative de 'intensti du courant alternatif
appliqui A la  santes du premier signal de tension A ia *6- batterie (6) b
la frequence cholsie, I'ampbrembtre    quence choisle etA attinuer des
composantes du comprenant                                   us
premier signal de tension dans une plage de r6- un dispositif (30) couple
au dispositWf d'applica-  quenoes d'attenuatlon qui contlent des tiquen-
tion (10, 16, 18) et destin6 b crier un premier signal  ces supirieures A
la frbquence choisie, d'entree representatif de l'intensite du courant
appli-  d) la mesure du premier signal de tension flltre 13    25
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dans l'etape (c) afin qu'une premiere mesure de tension soit obtenue, e) Is
combinalson de la premiere mesure de ten- saon A I'intensit6 connue du
courant aflin qu'une premiere valeur d'imp6dance soit obtenue,  5 f) la
repetitbon des etapes (b) A (o) avec un second signal de tension
representatif de Ia tension alter- native entre les contacts electriques de
la pairs (84, 66) d'un second des elements constituants (60a A Son, 62)
efin qu'une seconds valeur  1o d'lmpbdance solt obtenue, et g) la
comparalson de la premiere et de la seconds valeurs d'impidance. 19.
Procedd selon la revendlcation 18, dans lequel chacun des elements
constituants (60a A 60n,  15 62) est un accumulateur respectif (60a A 6On);
et la promlere et la seconde velours d'impedance corres- pondent A
l'impddance des accumulateurs respectifs (60a A 60n). 20. Procede selon la
revendication 18, dans  20 \ lequel chacun des blements constituants (60a A
60n, 62) est un conducteur respectif (62) reliant des accu- mulateurs, et
la premlere et la seconds velours d'Impddance correspondent A l'impedance
des connexions respectives fonndes entre les accumula-  25 tours. 21.
Procddo solon la revendication 18, dans loquol chacun des olements
constituants (600 A 60n, 62) set une connexion 6lectrique respective, et 1
pro- miere et la seconds valours d'impedance correspon-  30 dent
I'irnpedanoe des connexions electriques respectlyes. 22. Procdd6 selon rune
quelconque des revendi- cations 18 A 21, dans lequel la frequence choisle
est comprse entre I Iet 14 Hz.                   95 23. ProcMd selon l'uns
quelconque des revendl- catlons 18 A 21, dans bequel Is frdquence cholsbe
est compus. entre 21 et 29 Hz. 24. Procedd selon rune quelconque des
revendi- K    catlons 18 a 21, dans lequel la frdquence choisie est  4o
comprise entre 91 et 109 Hz. 25. Procedd selon l'une quelconque des
revendi- catbons 18 A 24, dans lequel to Mltrs (48) de l'etape (c) e0t un
fItre passe-bande (48) oentro a la frdquence choisie, et la plage des
*rquences d'attenuation est  45 dlsposae au-dessus et au-dessous de la
frdquence cholsle. 26. Procedd selon rune quelconque des revendi- cations
18 a 25, dans lequel la chargeur (4) et la charge active (8) provoquent le
passage de courants  5o alternatifs supplementalres A des friquences carac-
terlatiques dans la batterie (6), et les frmquences caractdristiques sont
separeos de la frequence chol- ale, ot le flltre (48) de l'dtpe (c) att~nue
toutes les fre- quences caractdristiques.                   s5 Z7. Procdd
selon rune quelconque des revendi- cations 18 A 26, dans lequel le courant
alternatif a une forms dConde sinusdidals. 14    


