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(57) ABSTRACT 

The invention provides a cell voltage measuring device for 
a cell module Wherein component cells are theoretically 
divided into a plurality of (n) cell blocks 111 to 1111. A 
plurality of potential detecting lines extending from respec 
tive potential detecting points of each of the cell blocks are 
provided With potential holding means 12 having capacitor 
blocks each for holding the potentials of the potential 
detecting points of the cell block, and cell voltage measuring 
means 14 for measuring the voltage of the cells based on the 
potentials of the potential detecting points held by the 
potential holding means 12. Flying capacitors are provided 
for each cell block. 
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CELL VOLTAGE MEASURING DEVICE FOR 
CELL MODULE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a cell voltage 
measuring device for a cell module comprising a plurality of 
cells connected together in series. 

BACKGROUND OF THE INVENTION 

[0002] Attention has been directed in recent years to 
environmental technology With consideration given to glo 
bal environmental problems such as oZone hole and global 
Warming. In the motor vehicle industry, efforts have been 
devoted to the development of electric motor vehicles With 
diminished carbon dioxide emissions. As poWer sources for 
such vehicles, cell modules having a great capacity are used 
in Which secondary cells, typical of Which are lithium ion 
cells or nickel hydrogen cells, are connected in series. 

[0003] Secondary cells, typical of Which are lithium ion 
secondary cells, cause undesirable troubles such as liquid 
leakage or heat generation if overcharged or overdischarged, 
so that each cell needs to be checked for voltage by 
monitoring. Furthermore, handling a cell module of large 
capacity having great energy requires safety measures such 
as electrical insulation of the module and the circuit in the 
vicinity thereof. Accordingly, techniques for measuring the 
voltage of each cell accurately With safety are important for 
cell modules of large capacity for use as poWer sources for 
electric motor vehicles. 

[0004] Cell voltage measurement of such cell modules 
having a great capacity is conventionally done, for example, 
by dividing the module into blocks of several cells, multi 
plexing the cell voltages of each block and converting the 
voltages to digital values, and obtaining cell voltages in 
terms of digital values as shoWn in FIG. 2. HoWever, this 
method requires many AD converters, and the poWer 
sources for the AD converters need to be insulated, conse 
quently entailing the problem of necessitating a complex 
circuit and a higher cost. 

[0005] Accordingly, the cell voltage measuring method 
With use of so-called ?ying capacitors has attracted attention 
in recent years. With reference to FIG. 3 shoWing an 
example of arrangement of ?ying capacitors, indicated at 31 
is a cell module, at 32 potential holding means, at 33 cell 
voltage measuring means, and at 34 control means. With the 
method of FIG. 3, the sWitches of the potential holding 
means 32 are turned on ?rst to cause the capacitors of the 
means 32 to hold potentials of the cell module 31, and the 
sWitches are thereafter turned off to electrically insulate the 
cell module 31 from the potential holding means 32. The 
capacitor corresponding to the cell to be checked for voltage 
is connected to an A/D converter to measure the cell voltage 
by the measuring means 33. The cell voltage of the cell 
module 31 can be measured by this method, With the module 
31 electrically insulated from the cell voltage measuring 
means 33. 

[0006] FIG. 4 shoWs another example of arrangement of 
?ying capacitors. Indicated at 41 is a cell module, at 42 
potential holding means, at 43 cell voltage measuring 
means, and at 44 control means. With the illustrated con 
struction like that of FIG. 3, the cell voltage can be 
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measured based on the potential held in the capacitor of the 
potential holding means 42, With the cell module 41 elec 
trically insulated from the cell voltage measuring means 43. 

[0007] HoWever, the construction shoWn in FIG. 3 
requires mounting of many sWitches, necessitating complex 
Wiring and a higher cost. Although the construction shoWn 
in FIG. 4 is smaller in the number of sWitches needed, all the 
capacitors constituting the potential holding means 42 are 
connected to one another in series, consequently entailing 
the need for the cell voltage measuring means 43 to handle 
a high voltage, so that the device is not useful practically. 
For example, in the case Where 40 lithium ion cells are 
connected in series, a voltage of 3.6 V><40=144 V must be 
handled, Whereas it is di?icult to measure With the same 
accuracy the cell voltages increasing over a Wide range of 
from 0 to 144 V With an increment of about 3.6 V. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, an object of the present invention is to 
provide a cell voltage measuring device Which is reduced in 
the number of sWitches, loWer in the voltage to be handled 
and adapted to measure the voltages of a cell module as 
electrically insulated. 

[0009] The present invention provides a cell voltage mea 
suring device for a cell module 11 Wherein the component 
cells are theoretically divided into a plurality of (n) cell 
blocks 111 to 1111. A plurality of potential detecting lines 
extending from respective potential detecting points of each 
of the cell blocks are provided With potential holding means 
12 for holding the potentials of the potential detecting points 
of the cell block, and cell voltage measuring means 14 for 
measuring the voltage of the cells based on the potentials of 
the potential detecting points held by the potential holding 
means 12. The potential holding means 12 and the cell 
voltage measuring means 14 have their operations controlled 
by control means 17. 

[0010] The potential holding means 12 comprises: 

[0011] a plurality of (n) pre-sWitch blocks 121 to 1211 
connected to the plurality of (n) cell blocks 111 to 
1111 respectively and each comprising a plurality of 
sWitches capable of opening or closing the potential 
detecting lines extending from the cell block, and 

[0012] a plurality of (n) capacitor blocks 131 to 1311 
connected to the plurality of (n) cell blocks 111 to 
1111 by Way of the plurality of (n) pre-sWitch blocks 
121 to 1211 respectively and each comprising a 
plurality of capacitors for holding the potentials of 
the potential detecting points of the cell block. The 
voltage measuring means 14 comprises: 

[0013] a plurality of (n) post-sWitch blocks 141 to 
1411 connected to the plurality of (n) cell blocks 111 
to 1111 respectively by Way of the potential holding 
means 12 and each comprising a plurality of 
sWitches for opening or closing the potential detect 
ing lines extending from the cell block, and 

[0014] a voltage measuring circuit for selecting volt 
age signals for each cell block from among those 
obtained by the potential detecting lines via the 
post-sWitch blocks 141 to 1411 to measure the voltage 
of each cell constituting the cell block. 
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[0015] The voltage measuring circuit can be composed of 
a difference computing circuit 150 for calculating the poten 
tial difference betWeen tWo potential detecting lines extend 
ing from electrode terminals of each cell and included 
among the potential detecting lines from each cell block, and 
an AD converter 160 having connected thereto output ter 
minals of the computing circuit 150. 

[0016] With the cell voltage measuring device of the 
invention for the cell module, the cell module is divided into 
a plurality of cell blocks, and ?ying capacitors are provided 
for each cell block. This feature reduces the number of 
sWitches, loWers the voltage to be handled and permits 
voltage measurement With the module in an electrically 
insulated state, at the same time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a circuit diagram shoWing the basic 
construction of a cell voltage measuring device according to 
the invention; 

[0018] FIG. 2 is a circuit diagram shoWing a conventional 
cell voltage measuring device; 

[0019] FIG. 3 is a circuit diagram shoWing another con 
ventional cell voltage measuring device; 

[0020] FIG. 4 is a circuit diagram shoWing still another 
conventional cell voltage measuring device; 

[0021] FIG. 5 is a circuit diagram shoWing a cell voltage 
measuring device embodying the invention; 

[0022] FIG. 6 is a circuit diagram shoWing the construc 
tion of a difference computing circuit; and 

[0023] FIG. 7 is a How chart shoWing a control operation 
involved in the operation of the cell voltage measuring 
device embodying the invention. 

DETAILED DESCRIPTION OF EMBODIMENT 

[0024] A cell voltage measuring device embodying the 
invention for a cell module Will be described beloW With 
reference to the draWings concerned. 

[0025] The basic construction of the device of the inven 
tion Will be described ?rst. With reference to FIG. 1, a cell 
module 11 comprising a plurality of secondary cells con 
nected together in series is theoretically divided into a 
plurality of (n) cell blocks 111 to 1111. Aplurality of potential 
detecting lines extend from the respective potential detecting 
points (the positive electrode terminal and negative elec 
trode terminal of each cell) of each of the cell blocks. These 
detecting lines are provided With potential holding means 12 
for holding potentials of the potential detecting points of the 
cell block, and cell voltage measuring means 14 for mea 
suring the voltage of the cells based on the potentials of the 
potential detecting points held by the means 12. These 
means 12 and 14 have their operations controlled by control 
means 17. 

[0026] The potential holding means 12 comprises: 

[0027] a plurality of (n) pre-sWitch blocks 121 to 1211 
connected to the plurality of (n) cell blocks 111 to 
1111 respectively and each comprising a plurality of 
sWitches capable of opening or closing the potential 
detecting lines extending from the cell block, and 
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[0028] a plurality of (n) capacitor blocks 131 to 1311 
connected to the plurality of (n) cell blocks 111 to 
1111 by Way of the plurality of (n) pre-sWitch blocks 
121 to 1211 respectively and each comprising a 
plurality of capacitors for holding the potentials of 
the potential detecting points of the cell block. 

[0029] The voltage measuring means 14 comprises: 

[0030] a plurality of (n) post-sWitch blocks 141 to 
1411 connected to the plurality of (n) cell blocks 111 
to 1111 respectively by Way of the potential holding 
means 12 and each comprising a plurality of 
sWitches for opening or closing the potential detect 
ing lines extending from the cell block, and 

[0031] a voltage measuring circuit for selecting volt 
age signals for each cell block from among those 
obtained by the potential detecting lines via the 
post-sWitch blocks 141 to 1411 to measure the voltage 
of each cell constituting the cell block. 

[0032] The voltage measuring circuit can be composed of 
a difference computing circuit 150 for calculating the poten 
tial difference betWeen tWo potential detecting lines extend 
ing from the electrode terminals of each cell and included 
among the potential detecting lines from each cell block, and 
an AD converter 160 having connected thereto the output 
terminals of the computing circuit 150. 

[0033] With reference to FIG. 5, a detailed description 
Will be given of an embodiment of the invention for a cell 
module for use in electric motor vehicles. The cell module 
for use With the present embodiment comprises 40 lithium 
ion secondary cells 3.6 V in average voltage and connected 
together in series. The cell voltage is measured every 500 
msec. 

[0034] FIG. 5 shoWs a cell module 51 comprising 40 
lithium ion secondary cells connected in series. Indicated at 
510 to 519 are ten cell blocks obtained by theoretically 
dividing the module 51 of the 40 cells into groups of four 
cells. Indicated at 520 to 529 are pre-sWitch blocks each 
comprising ?ve cell block-connected sWitches for opening 
or closing ?ve potential detecting lines extending from ?ve 
potential measuring points of each of the cell blocks 510 to 
519. Each of the sWitches is realiZed, for example, by a 
photo-MOS relay. Indicated at 530 to 539 are capacitor 
blocks each comprising four capacitors for holding the 
voltages of the respective cells constituting each of the cell 
blocks 510 to 519. The capacitors is provided betWeen each 
pair of adjacent potential detecting lines. Thus, the four 
capacitors connected to each cell block are connected to one 
another in series. The pre-sWitch blocks 520 to 529 and the 
capacitor blocks 530 to 539 provide potential holding means 
52. 

[0035] To selectively change-over the cell block to be 
checked for voltage, post-sWitch blocks 540 to 549 are 
provided each of Which comprises ?ve capacitor-connected 
sWitches for opening or closing the ?ve potential detecting 
lines extending from the ?ve potential measuring points of 
each of the cell blocks 510 to 519. Each of the sWitches is 
realiZed, for example, by a photo-MOS relay. 

[0036] Indicated at 550 is a differential computing circuit 
for measuring the terminal voltage of each of the four 
capacitors connected together in series as stated above and 
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constituting each of the capacitor blocks 530 to 539. The 
circuit is realized, for example, by a circuit of FIG. 6 
Wherein Ra=Rb=Rc=Rd. With reference to the circuit of 
FIG. 6, if the current input to or output from the capacitor 
is not negligible, a measure is taken as by subjecting the 
voltage of the capacitor to AD conversion before the voltage 
is altered With the current input or output. 

[0037] Indicated at 560 in FIG. 5 is an AD converter for 
converting the output of the differential computing circuit 
550 to a digital value. According to the present embodiment, 
the converter is a four-channel AD converter so that the 
voltages of the four cells constituting one cell block can be 
processed collectively. The post-sWitch block 540 to 549, 
the differential computing circuit 550 and the AD converter 
560 provide cell voltage measuring means 54. 

[0038] Indicated at 57 is control means for controlling the 
circuit elements constituting the potential holding means 52 
and the cell voltage measuring means 54. The control means 
is realiZed, for eXample, by softWare on a microcomputer. 

[0039] Next, With reference to FIG. 7, a description Will 
be given of the cell voltage measuring procedure to be 
performed by the control means 57. First in step 70, all the 
capacitor-connected sWitches constituting the post-sWitch 
blocks 540 to 549 are set in an initial state, i.e., off (open) 
state. In the subsequent step 71, all the cell block-connected 
sWitches constituting the pre-sWitch blocks 520 to 529 are 
set in an initial state, i.e., on (closed) state. A timer for 
counting up 500 msec is started in step 72 for the start of 
counting of 500 msec. An inquiry is made in step 73 as to 
Whether 500 msec has elapsed. If the inquiry is ansWered in 
the affirmative, step 74 folloWs. 

[0040] In step 74, the timer for counting 500 msec is 
cleared. In step 75, a loop counter n is cleared to 0 Which is 
used for performing steps 76 to 80 for each of the ten cell 
blocks, and the control means eXecutes steps 76 to 80 for the 
cell block 5111. In step 76, the ?ve cell block-connected 
sWitches constituting the pre-sWitch blocks 5211 are set off. 
In this stage, the voltages of the respective cells of the cell 
block 5111 are held in the respective capacitors of the 
capacitor blocks 5311, Which are held electrically insulated 
from the cell blocks 510. For eXample, in vieW of the delay 
of the photo-MOS relay serving as the cell block-connected 
sWitch, a Waiting time, for eXample, of about 3 msec may be 
provided after the pre-sWitch block 5211 is set off. 

[0041] The four capacitor-connected sWitches constituting 
the post-sWitch blocks 5411 are then set on in step 77, 
Whereby the differential computing circuit 550 and the 
capacitor block 5311 are connected to each other. The voltage 
of the four cells held in the capacitor block 5311 is subjected 
to AD conversion in step 78. In this stage, the cell module 
51 is electrically insulated from the AD converter 560, While 
the voltage applied to the differential computing circuit 550 
is as loW as 14.4 V Which is the voltage of four lithium ion 
cells (3.6 V><4), so that the AD conversion can be effected at 
loW voltage. 

[0042] The four capacitor-connected sWitches of the post 
sWitch block 5411 are subsequently set off in step 79. For 
eXample, in vieW of the delay of the photo-MOS relay 
serving as the capacitor-connected sWitch, a Waiting time, 
for eXample, of about 3 msec may be provided after the 
post-sWitch block 5411 is set off. 
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[0043] The four cell block-connected sWitches constitut 
ing the pre-sWitch block 5211 are thereafter set on in step 80, 
Whereby charging of the capacitor block 5311 is started. An 
inquiry is made in step 81 as to Whether the count on the loop 
counter n is smaller than 9. If the ansWer is negative, the 
sequence returns to step 73 to repeat the same procedure, 
Whereas if the ansWer is af?rmative, the loop counter n is 
advanced by 1 to eXecute the process for the neXt cell block. 
Consequently, the process of steps 76 to 80 is performed for 
all the cell blocks 511 to 519 to check all the cells consti 
tuting the cell module for voltage. 

[0044] With the cell voltage measuring device of the 
invention for the cell module, the cell module is divided into 
a plurality of cell blocks, and ?ying capacitors are provided 
for each cell block. This feature reduces the number of 
sWitches, loWers the voltage to be handled and permits 
voltage measurement With the module in an electrically 
insulated state, at the same time. 

What is claimed is: 
1. A cell voltage measuring device for a cell module 

comprising a plurality of cells connected together in series, 
the cells constituting the cell module being theoretically 
divided into a plurality of (n) cell blocks (111) to (1111), a 
plurality of potential detecting lines extending from respec 
tive potential detecting points of each of the cell blocks and 
being provided With potential holding means (12) for hold 
ing the potentials of the potential detecting points of the cell 
block, and cell voltage measuring means (14) for measuring 
the voltage of the cells based on the potentials of the 
potential detecting points held by the potential holding 
means (12), control means (17) being operable for control 
ling the operations of the potential holding means (12) and 
the cell voltage measuring means (14), the potential holding 
means (12) comprising: 

a plurality of (n) pre-sWitch blocks (121) to (1211) con 
nected to the plurality of (n) cell blocks (111) to (1111) 
respectively and each comprising a plurality of 
sWitches capable of opening or closing the potential 
detecting lines eXtending from the cell block, and 

a plurality of (n) capacitor blocks (131) to (1311) con 
nected to the plurality of (n) cell blocks (111) to (1111) 
by Way of the plurality of (n) pre-sWitch blocks (121) 
to (1211) respectively and each comprising a plurality of 
capacitors for holding the potentials of the potential 
detecting points of the cell block, the voltage measur 
ing means (14) comprising: 

a plurality of (n) post-sWitch blocks (141) to (1411) con 
nected to the plurality of (n) cell blocks (111) to (1111) 
respectively by Way of the potential holding means (12) 
and each comprising a plurality of sWitches for opening 
or closing the potential detecting lines eXtending from 
the cell block, and 

a voltage measuring circuit for selecting voltage signals 
for each cell block from among those obtained by the 
potential detecting lines via the post-sWitch blocks 
(141) to (1411) to measure the voltage of each cell 
constituting the cell block. 
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2. A cell voltage measuring device according to claim 1 potential detecting lines from each cell block, and an AD 
Wherein the voltage measuring circuit comprises a difference converter (160) having connected thereto output terminals of 
computing circuit (150) for calculating the potential differ- the computing circuit (150). 
ence betWeen tWo potential detecting lines extending from 
electrode terminals of each cell and included among the * * * * * 


