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Method for High-speed Charging of Secondary

Batteries and Apparatus Therefor

TECHNICAL FIELD ,

The present invention is related to the high-speed

- charging of secondary batteries and, more specifically,

- to a high-speed charging apparatus and high-speed
charging method for such secondary batteries as

'nickel—cadmium batteries, nickel-hydrogen batteries, and
lithium ion batteries. .

The present invention is configured so as to enable,
with regard to nickel-cadmium, nickel-hydrogen (Ni/H2)
and lithium ion seéondary batteries, the monitoring of
the temperature and'voltage of the battery during the
recharging process, and sq'as to siop said charging
process when these monitored parameters of either
temperature or temperature and volfage reach a particular
condition. |

BACKGROUND ART

Secondary batteries (secondary cells) such as
Nickel-cadmium storage batteries, nickel-hydrogen
batteries, or lithium ion batteries can be recharged any

'numﬁér of times during their useful lifetimes. It is
widely known by persons skilled in the art that this
recharging process must be performed under careful
control to minimize the damaging affects to the stbrage
battery. (For example refer to "Charging Storage
Batteries: Extending Useful Life”, Bob Williams,
"Cellular Business" April, 1989, pp 44 to 49.)

At the beginning of secondary battery recharging
technology, the process of recharging required as much as
a number of hours. As consumer products powered by
secondary batteries became more and more common, there
arose a need for a system capable of charging times
measured in minutes rather than hours.

While it is possible to fast charge a secondary
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AND, APPARATUS THEREFOR —Description TECHNI CAL FIELD The present
I nventd on i's rel ated toThiashehiHphBepBegacedhar gi ng of secondary batteries and,

more gpeci fi gad bypestro a r‘qmﬂiﬂmmtuﬁmrm ng apparatus and hi gp%f,gpﬁﬁms]

chargi ng met hod for such eries as nickel -cadm um batteri es,

ni ckel - hydrogen batteri es, IThiumion ba2teries. The present

I nvention is configured so as to enable, with regard to ni ckel-cadm um

ni ckel - hydrogen (N /H2) and L .
battery, to prevent irreversible damage to the storage
battery, the storage battery recharging érocess must be
performed with even more care. (For.example refer to
"Latest Information on Nickel-Cadmium Batteries" in the

5 report of the September 1990 Cadmium Society Brussels

Seminar, published in November, 1990.)

Prior art has shown that a variety of systems have
been developed for the fast recharging of secondary
batteries. In these systems it has been standard to

10 monitor the voltage and/or temperature of the storage
battery being charged, and to interrupt or change the
charging current applied to the storage battery when the
temperature or voltage reaches a preestablished level.
Typical prior art is described in US patent 4,006,397

15 (Catotti et al).

Japanese patent publications Sho 62-23528 and Sho
62-23529 disclose a method for use in recharging of
secondary batteries such as nickel-cadmium batteries,
wherein the vbltage waveform of the battery is observed

20 during charging, a number of deflection points appearing
in the voltage waveform being stored beforehand, and if
the stored deflection points occurred in a given
sequence, the charging process is interrupted. 1In this
method, however, it is required for each type of battery

25 to store beforehand the variations occurring in the
voltage waveform of that type of battery during the
charging process, and to change the stored contents
before charging to contents appropriate to the type of
battery to be recharged, not only making operation

30 complex, but giving nq assurance, by reasons of the
charging environment and history of the battery, that the
voltage output waveform of the battery would follow in
sequence am amplitude the stored information, thereby
making it impossible to perform accurate charging and

35 recharging, making it difficult to perform high-speed
charging without causing loss of battery performance.

In addition to nickel-cadmium, nickel-hydrogen and
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l'ithiumi.on secondary batteries, the nonitoring of the tenperature and
vol tage Bf the battery during the recharging process, and so as to stop

sai d .char gi ngw oggm When these nonitored paraneters of either Eﬁgﬂ&@ﬁkﬂ;e
or temper- ature and voltage reach a particul ar condition. C&

Secondary batteries (secondary cells) such as3N-ckel -cadm um st or age
batteries, nickel-hydrogen batteries, or lithiumion batteries can be
recharged any nunber of times during their useful lifetinmes. It is wdely
known by persons dkFhivs ign; hatieriefaexifits ase SeaoRoAFrhRRELEriREL be

performed under caref uprefinbasliyt @hgl Pebhaeqihe GFRH &Yl Gidn € ited
storage battery. Forngéarrp{)e f:eferto " Char irJ]_ e%t (%rr%gneé_% tc;[ue::[si eés even as
Ext endi ng Useful EPFRRAREELOHNFFPELIRE AN &R _
much as 16 hours in some instances, and even with what
5  was called fast charging at over a relatively short time,
still required 1 to 2 hours. |
In the past, although in recharging what were called
rechargeable batteries or storage batteries for use in
their intended purposes, it was known that it was

10 desirable to make the chﬁrging time as short as possible,
the limitations imposed by the rise in internal battery
temperature and internal pressure in the battery caused
by-a chemical reaction within the secondary battery not
only lead to destruction of the cells, but also to a

15 deterioration of the electfical characteristics of the
cells, that is, the output characteristics and charging
characteristics, so that the method of charging by means
of a large current over a short period of time was not
used.

20 However, today the demand for secondary batteries is
increasing in a large of number of applications in
various industries, and in particular, there is a strong
demand for secondary batteries for use in applications
such as in environments in which machine tools are used,

25 in medical and other equipment for hospitals, and in
communications, such as in mobile telephones, _
applications which not only require that batteries do not
run down during operation but also require fast or even
instantaneous recharging. '

30 If a graphical comparison is made of the
above-mentioned voltage and temperature variations with
respect to charge level during the charging of the
various types of secondary batteries mentioned above, it
can be seen that each type of battery exhibits unique

35 characteristics, as shown in FIG. 2 to FIG. 4.

That is, the voltage and temperature characteristics
of a nickel-cadmium storage battery are as shown in FIG.
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Busi ness”, April, 1989, pp 44 to 49.) At the beginning of secondary
battery rfechargi ng technol ogy, the process of recharging required as nuch

as a nunber ofwhekpdy7y AS consuner products powered by secondarypgﬂ.? |
becan® nore and nore common, there arose a need for a system capa ﬁs{)’#"%?l ’

charging tinmes neasured in mnutes rather thandheurs. VWiile it is
possible to fast charge a secondary battery, to prevent irreversible damge

RO G UL D) BEARE SR Nt o Mt S

Ni ckel - Cadm um Battitokeds-hydrdden rizpoterypfatdcasSeghewhein 1920. CAdnand the

Shown that o vari SOF e AL et Hutl AR et Pelon ot rh Db BB,

of secondary batt datdery mazehese showrensn iEIhas4 been standard to nonitor

the voltage gnd/or tempepatyyfs Aleddlh SUH At 1BLLE! YnbE' 81$"8185%0he -
charging of any type of'secondary battery require a long
period of time of at least one hour, but also it had the
problem of requiring a change of the charging method or
charging apparatus to suit the type of secondary battery,

10 making the only charging methods available troublesome,

time-consuming, and costly.

The purpose of the present invention is to improve
the above-described shortcomings-of the prior art, and
to facilitate the recharging of secondary batteries, and

15 in particular nickel-cadmium, nickel-hydrogen, and
lithium ion secondary batteries, within an extremely

" short period of time of from several minutes to 20

minutes. Recharging at this extremely fast speed
increases the significance of a number of parameters

20 which were not so significant in the relatively
slow-speed prior art recharging systems. However, it was
discovered that these parameters could be processed so as
to produce a recharging system which performs safe,
high-speed charging without damaging side-effects to the

25 - storage battery being charged.

In the past, to charge secondary batteries which
consist of mutually differing technical elements, and
which have differing charging characteristics and
behavior, it was necessary to make available separate

30 chargers and to select the charger appropriate for
charging the type of secondary battery to be charged.

Therefore, the charger was something to be used only
for the charging of a particular type of secondary
battery, it being necessary to make available individual

35 chargers for individual secondary batteries, making the-
charging operation not only inconvenient, but troublesome
and complex as well.
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and to interrupt or change the charging current applied to the storage
battery *when the tenperature or voltage reaches a preestablished |evel

Typi cal pri org@lokdsyy described in US patent 4,006.397 (Catotti
Japahese patent publications Sho 62-23529 and_Sho 62-23529 di scﬁg‘?’gm‘ﬁ
nmet hod for use in recharging of sec- ondar y=batteries such as
ni ckel -cadm um batteries, wherein the voltage waveform of the battery is

observed during charging, aznunmher of defl ectign ' ' [ .

vol t age wavef o?m bei %gg‘gﬁrbr%%lrb %r%ﬂ&%d?@ﬁf?f sg%égégﬁgg’g%gﬁr}g‘ I ir}of‘}‘ an
Poi?L$ occhrgd Emmmnx\ﬁglchnugim@,cmhwenhaugédgipracehargingnpgenguian,

n I s nmet hod, wever, it I 1 h e t
bef orehand t he vé&Fﬁf d%% %Eéé##fﬂg ?%8¥%%é%§€§a8 y&aSe%gp%1%?E¥%g$ f;géeof
battery during t hidffer githe pchaxgers awould bawegsot he previdegont ent s
before chargi o 'SuSRIEDI T, A0R6LMY 4 fie OrbBEphYBE, ShedabEdl Lol Bale a
maki n ut

recharged, hot on bperation conpf ex, gi ving nqQ assurance, by

reasons of the cleomgidexable opwmber .of ehargey btyPefeaNaddedle that the
vol tage out put wavef orgabvdPe PEER CENe \OEhaANn8 0ELSWshBhS g@doRdd Xy

batteries increasing, and with a diversification in the
fields and location in which secondary batteries are

10 used, there has arisen an increasing need for a charger
capable of use anywhere in charging any type of secondary
battery completely within a short period of time, for
applications requiring quick charging and immediate use
of secondary batteries, such as in mobile data

15 communications, mobile teléphone communications, and at
construction sites.

For this reason, the is a desire to have a single
charger not only capable of charging a secondary battery
of any type of construction, but also capable of charging

20 under any charging rate C conditions. Howevef, until the
present, there has been no such practically usable
charger.

Therefore, the object of the present invention is to
improve on the defects described above, and provide a

25 single charger which is universally usable to charge any
-type of secondary battery in a short period of time under
any arbitrary charging rate C. .
DISCLOSURE OF INVENTION
To solve the above-described problems, the present
30 invention has the following technical configuration.
Specifically, the first aspect of the method of
high-speed charging of secondary batteries of the present
invention is a method for charging secondary batteries
comprising, a step 1 which sets the basic data reading
35 .time tb required to read data, a step 2 which sets the
charging rate C, a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and
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anplitude the stored information. thereby making it inpossible to perform
accura{é'charging and recharging, nmaking it difficult to perform high- speed
chargi ng W t kpybsgeaysi Ng | oss of battery performance. EP- Ap QEE?

whi ch was published 27/04/94 (Article 54(3)EPC), discloses a nicC -
battery charger in which battery voltage ard/6or- t enperature are sarrpl ed
‘during predeternined periods of tine, the values being stored in a first
menory. An avera cal.cul ated for, each periqd a tored in econd
manory. The anou talﬁtr bagitydake; weadiogn "3’9! ps@(}ff) tr?e‘ﬂ dat

cal cul ated. Char geading ttimeped beinke chairaaifextisrtpaer &mrsa:@autgga:@g\een
two adj acent per hgn Hﬁ% t : |

periods, or if tkgqghgﬁg o%e%b?tg%g% 5%&53&@ {§%§¥§£¢§)éﬁé¥%¢#5h,
addition to ni ckesesadm appmmkettehpan@gemgamana Hioumeasuxteattthe i es exi st
as secondargy bat E‘éﬂng.ga}yvg @Eg ! %Sls)élhh%er ap;'}%.ﬂ:fe @t least one

above- nentioned seco ri es, require om 6 hdurs to even as
nmuch time during each sald corrected data reading time tc, and

which stores the voltage data at that time into an

mum

appropriate 1lst memory means, a step 5 which repeats the
operation of said step 4 a predetermined number of times

10 L, takes the summation of the plurality of voltage data
obtained in each corrected data reading time tc, and
stores the resulting amount of change Dvn over the amount
of voltage data change reading sampling time ts (where
ts=Lxtc) into an appropriate 2nd memory means, a step 6

15 which calculates the difference between the amount of
change Dvl for the 1lst sampling time (tsl) and the amount
of change Dv2 for the next, 2nd, sampling time-(ts2)
obtained in step 5, and which stores the resulting
difference in amount of change ADv in a 3rd memory means,

20 a step 7 which continuously repeats said step 6 a
predetermined number of times M, and which takes the
summation of each of the values of ADvl to ADVM (M
values) obtained at each amount of change reading
sampling time (ts), and determines the amount of voltage

25 data change ATDv for the overall said amount of change
reading sampling time t (where t=tsxM), the results being
stored in a 4th memory means, a step 8 which performs a |
calculation, based on the amount of voltage data change
ATDv stored in said 4th memory means, to determine the

30 difference AHv between the voltage amount of change ATDv1
measured from over the first overall amount of change
reading sampling time tl established as running from said
1st sampling time (tsl) to the mth sampling time (tsM)
for the predetérmined M-th sampling, and the voltage

35 amount of change ATDv2 measured from over the second
overall amount of change reading sampling time
established as running from said 2nd sampling time (ts2)
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as 16 hours i'n sone instances, and even with what was called fast charging
at over a rel atively shahkSMmﬂimBemRMMRQHU|red 1 to 2 hours. In the

past .. al t houggg har cal | ed rechargeabl e batt
S0t nded purposes, it was kﬁ%@%ﬁﬁﬂﬁksft
|

st orage batterles Tor us

was desirable to nake the as shprt as possible, the
limtations inposed by the rlse |n I nternal battery tenperature and
internal pressure in the battery caused by a chenical reaction within the
secondary batt er yeondthen{mt1 pehl sampbing vtcimen(béM+he €okl thebut also to a
deterioration of SfRASEIMCAINCIANn SEhETIAL) CSath LBECAThkEA! Ak dobonh®

out put characteristics .and ¥$&C aracteristics,
chargi ng by nmeandH (éﬂ}%l?%e‘\%‘(rﬂ 2AERPVY) slPlﬁngp‘e'FP§8do#nt A tha Biefery

used. | HO}Aevenm;ahm,?}a td&ﬁmémrréﬁs@ﬂ@laﬁl@a&epl BSwhié.énCV easi ng
in alarge nu R in_var and in
particul ar, ther(§’aie'ls‘="¥ci)l %&S&r&#?%?n%%c%ﬁgﬁ?ygﬂgﬁ f‘EE ®for use in
appi cati on such aglvnrArDar(N+1)-ATDvn) between the amount of voltage
changes ATDvn and ATDv(n+l) at each pair of adjacent

overall amount of change sampling times tn and tn+l, and
stores the calculated results in 5th memory means, a step
10 10 which judges whether each of the m amounts of
differences in amount of voltage changes AHvl to AHvm
obtained continuously in said step 9 are positi#e (zero
or greater than zero) or negative (less than zero), and a
step 11 which judges, in the sequence of occurrence of
15 said differences in amount of voltage changes AHvl to
AHvm, whether or not said difference in amount of voltage
change AHv is zero or negative for a predetermined number
of S times continuously, and if said difference in amount
of voltage change AHv is zero or negative S times
20 continuously, stops said charging. |
Additionally, the second aspect of the method of
high-speed charging of secondary batteries of the present
invention is a method for charging secondary batteries
comprising, a step 1 which sets the basic data reading ™
25 time tb required to read data, a step 2 which sets the
charging rate C, a step 3 which sets the corrected data
- reading time tc, according to the set charging rate C and
said basic data reading time tb, said corrected data
reading time tc being characteristic to said charging
30 rate C, a step 4 which, during the charging operation,
uses an appropriate sampling means to measure the
temperature of said secondary battery at_leaét one time
during each said corrected data reading time tc, and
which stores the temperature data at that time in an
35 appropriate lst memory means, a Step 5 which repeats the
‘operation of said step 4 a predetermined number of times -
L, takes the summatioﬁ-of the plurality of data obtained
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in each corrected data reading time tc, and stores the
resulting amount of change Dtn over the amount of

‘temperature data change reading sampling time ts (where

ts=Lxtc) into an appropriate 2nd memory means, a step 6
which calculates the difference between the amount of
change Dtl for the 1st sampling time (tsl) and the amount
of change Dt2 for the next, 2nd, sampling time (ts2)
obtained in step 5, and which stores the resulting
difference in amount of change ADt in a 3rd memory means,

a step 7 which continuously repeats said step 6 a

predetermined number of times M, and which takes the
summation of each of the values of ADtl to ADtM (M
values) obtained at each amount of change reading
sampling time (ts), and determines the amount of
temperature data change ATDt for the overall said amount
of temperature change reading sampling time t (where
t=tsxM), the results being stored in a 4th memory means,
a step 8 which performs a calculation, based on the
values of amount of température data change ATDt stored
in said 4th memory means, to determine the ratio between
the temperature amount of change ATDtl measured from over
a first overall amount of change reading sampling time tl
established as running from said 1lst sampling time (tsl)
to the sampling time (tsM) for the predetermined M-th
sampling, and the temperature amount of change ATDt2
measured from over a second overall amount of change
reading sampling time t2 established as running from said
2nd sampling time (ts2) to the sampling time (tsM+l) for
the predetermined M+l-th sampling, said calculated ratio
AHt (where AHt=ATDt2/ATDtl) being stored in a 5th memory
means, a step 9 which repeats the operations of said step
8 while calculating the ratio value AHtn .(where

AHtn=ATDt (N+1)/ATDtn) between the amount of temperature
changes ATDtn and ATDt (n+1) at each pair of adjacent
overall amount of chahge sampling times tn and tn+l, and
stores the calculated results in 5th memory means, a step
10 which jﬁdges from the information stored in said 5th
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ronments in which machine tools are used, in nmedical and other equipnent
for hospgitals, and in communications, such as in nobile tel ephones,

appl i cati ons whigbespt only require that batteries do not run Gypdsiides
operation but also require fast or even instantaneous recharging. I? a

graphi cal conparison is nmade 6f the above-meni-ened voltage and tenperature

variations with respect to
memory means whether the ratio AHm between two adjacent
said temperature amounts of change is equal to or greater
than or is less than a given value K, and a step 11
which, if the temperature amount of change ratio AHm

5 value is equal to or greater than the given value K,

stops said charging.

In addition, it is possible to think of the coupling
of the two above-described aspects of the present
invention of a high-speed secondary battery charging

10 method as a third aspect of the present invention.

Because the high-speed charging method for secondary
batteries of the present invention makes use of the
above-described basic technical configuration, even for
secondary batteries of differing types, in consideration

15 of the mutually differing charging characteristics
exhibited by the secondary batteries, such as terminal
voltage or temperature, it is possible to determine the
common characteristics of secondary batteries having
differing constituent elements, to accurate determine

20 point at which the charge level reaches nearly 100%,
enabling not only one and the same apparatus to be used
to reliably charge secondary batteries of differing
construction, but also enabling the accurate
determination of the charge level during the charging

25 process, the quick determination of the point at which
the charge level reaches a level of nearly 100%, and the
stopping of the charging process at that point, the
result being not only a reliable avoidance of the problem
encountered when the charging is continued even after the

30 charge level has exceeded 100%, thereby causing the
temperature of the secondary battery to rise above its
rated maximum temperature, leading to damage to said
secondary battery, but also a determination of the
characteristics of said secondary battery with respect to

35 the speed of charge, or charge rate, thereby enabling
charging of secondary batteries which are of the same
constituent elements at different charge rates, further
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charge | gvel during the charging of the various types of secondary
batteri'es nentioned above, it can be seen that each type of battery
exhibits uni gwesshesract eristics, as shown in FIG 2 to FIG 4. pcrapediies:
is, the voltage and tenperature characteristics of a nickel-cadm um storage
battery are as shown in FIG 2. the voltage™ ah® Tenperature characteristics
of a nickel -hydrogen battery are as shown in FIG. 3, and the voltage and

femperature char aghgph $hiC3n0fadch ERALUTEhA HALKELY 1R AP F1E or

4. For this reason ot 6Nk
of secondary battseyondquyrbaatEquSperlod of tlne of at Ieast one hour,

but also it had the pr g@gp%&a Eqb@e char gi ng net hod or
chargi ng apparat us ﬁﬁ&ﬁ?‘ﬁ&sbgi g&gpgseco ar te naklng the only
char gi ng net hods aval | BBFe i-rbﬁbﬁe dask @##ﬁrééhwmchg thest | y.

The pur pose sof theoﬁfsgaaatwﬁeatl QnspécinbWE&QX@lbh%fa%\éeﬂ%ﬁﬁ@ﬂ&éh

shortcom ngs of thﬁag&iga ggéaragus gor secondary batteries of the present
‘invention.
FIG. 2 is a graph which shows the charging
characteristics of a nickel-cadmium battery.

10 FIG. 3 is a graph which shows the charging
characteristics of a nickel-hydrogen battery.

FIG. 4 is a graph which shows the charging
characteristics of a lithium ion battery.
FIG. 5 (A) is a drawing which shows a curve of

15 measurement data and the relationship of the sampling
interval p to the amount of change, and FIG. 5 (B) is a
drawing which shows the relationship of the measurement
data sampling period t and the measurement data amount of
change reading sampling time (ts) for the present

20 invention.

FIG. 6 (A) is a drawing which describes one example
of analysis of the voltage measurement data and condition
of change thereof in the present invention, and FIG. 6
(B) is a drawing which describes one example of analysis

25 of the temperature measurement data and condition of
change thereof in the present invention

FIG. 7 is a flowchart which shows one example of the
procedure in the case of executing the secondary battery

: charging method of the present invention.

30 FIG. 8 is a flowchart which shows one example of the
procedure in the case of executing the secondary battery
charging method of the present invention.

FIG. 9 is a flowchart which shows one example of the
procedure in the case of executing the secondary battery

35 charging method of the present invention.

FIG. 10 is a flowchart which shows another example
of the procedure in the case of executing the secondary
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facilitate the recharging of secondary batteries, and in particular
ni ckel - ¢adm um ni ckel - hydrogen, and lithiumion secondary batteries,

within an extggggboyyshort period of time of from several m nut
mi nufes. Rechargl ng at this extrenely fast speed increases th?i:'lll‘](i'g‘?'-&)‘"551

significance of a nunber of paraneters which Mere not so significant in the
relatively slowspeed prior art recharging systens. However, it was

di scovered that these paraneters could be processed so as to produce a
rechar gi ng syst erRa#ieFy pehaxging seeehodi gh- SpecRreransi AGVRNLAORN- danagi ng

sid-effects to the storfge 1Daid of V£ DorENasbawEEEn shows' BnehexBaphe 0F
charge secondary hatteries, which consist of tuall¥éd|f gélng t echni cal
S

el ements, and whi HRRRFe QH¥?eﬁqu IR nQE cREPSRELRASE Fen9aF3yi or
it was necessaryﬂattrm&ge chetrd i emstiped ab £ ther peeseatdihoeantliont. the

charger, apPLoPTl ate oz ENarsl 09 4 1o duReaRlu PR BB UARRIE XA BT
chargi ng of a padlhdge charactexisbicsrg9f batnbéckel-cadmium battery when
charged at 0.25C. '

FIG. 13 is a graph showing the a graph of the
changes in the overall voltage amount of change ATDvn and

10 the counter value N when the charging of FIG. 12 is done.

FIG. 14 is a graph showing one example of the
temperature characteristics of a nickel-cadmium battery
when chargéd at 3C.

FIG. 15 is a graph showing one example of the

15 voltage characteristics of a nickel-cadmium battery when
charged at 3C.

FIG. 16 is a graph showing the a graph of the
changes in the overall voltage amount of change ATDvn and
the counter value N when the charging of FIG. 15 is "done.

20 FIG. 17 is a graph showing one example of the
voltage characteristics of a nickel-hydrogen battery when
charged at 0.25C.

FIG. 18 is a graph showing the a graph of the
changes in the overall voltage amount of change ATDvn and

25 the counter value N when the charging of FIG. 17 is done.

FIG. 19 is a graph showing one example of the
voltage characteristics of a nickel-hydrogen battery when
charged at 1lC.

FIG. 20 is a graph showing the a graph of the

30 changes in the overall voltage amount of change ATDvn and
the counter value N when the charging of FIG. 19 is done.

Best Mode for Carrying Out the Invention .

The following is a detailed description, presented
with reference toldrawings, of concrete examples of the

35 method and apparatus high-speed charging of secondary
batteries of the present invention.

The background of why the inventors of the present
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It being necessary to nake avail abl e individual chargers for individual
secondar'y batteries, nmaking the charging oper- ation not only
i nconveni ent , wijdsobfsqubl esone and conpl ex as wel | . Even f L
type*of secondary batteries, if an amount of charging current 3@5&5&#@@%?
charging operation. which is generally repres2nted by a charge rate C
differ, the chargers would have to be provided separately, causing the

probl em of the need to have a considerabl e numher of .charger .type
avai | abl e. HHREGRFL0; eRPLR¥edeFfd2 8V9§98ﬁ°§é§6ﬂd%ﬁfh&ﬁqéiies
i ncr egsi ng,b and webhfidgdraeishf iri].nathﬁnm'eahbaefbh:emigha.@@e_eldomiaingifﬂgw ofhi ch
secondary batteries_are_use ere_ha I sen_an_ingreasing ne or .a
charger capabl e of SELR aﬁxy&ﬂgigr'ﬁscﬂgrgﬁﬁgpﬁﬁﬁepﬁpénap é@@h& tﬁhﬁ?@?&
conpl etely w t hi ntlke simvenbersodfothei peesént dnpentdonomakiaguiar ithgyromghck
char gi ng ang i nmegd) e terl I n nobil e data

i cati ons, rebe Lt E afn 858RE TN ke B, BE, Ehe, SSRaTRg

conmuni cati ons, el ephone” "CoO at.Ions, nstruction
sites. characteristics of secondary batteries that have been

commercially available in the past, and making efforts to
determine, for the purposes of fulfilling the
above~described object of the present invention, the

10 desired form of a single apparatus and method for
performing high-speed charging of different types of
secondary batteries, for performing precise charging even
if the charging rate is varied with respect to said
secondary batteries of differing types, and further for

15 performing high-~speed charging of said secondary
batteries of differing types.

The inventors, then, analyzed, the nickel-cadmium
batteries, nickel-hydrogen batteries, and lithium ion
batteries, which were thought to be the important types

20 of those types commercially available in the past, the
result of this analysis being that in general for
nickel-cadmiﬁm batteries, as shown in FIG. 2, the
terminal voltage during charging continues a gradual
increase up to the point at which 100% charge level is

25 reached, at which point a peak voltage is reached, with
further charging causing a decrease in voltage.

When the temperature of a nickel-cadmium battery is
observed, there is a slight increase in temperature from
the start of charging to just before the 100% charge

30 level, and although the overall characteristics is
virtually flat with no extremely temperature increase,
except when the 100% charge level region is approached,
when there is a sudden increase in temperature. '

In the case of nickel—hydrogén batteries, which is

35 shown in FIG. 3, the battery terminal voltage continues -
its gradual increase from the start of the charge until
the 100% charge level, and when the charge level reaches
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For this reason, there is a desire to have a single charger not only
c?pable *of charging a secondary battery of any type of construction, but

al so_capabl e vph o&asPi Ng under any charging rate C conditions. pdqyy

untif the present, there has been no such pr actically usable char g!e"‘r%m;51
Therefore, the object of the present inventidd i=s to inprove an the defects
descri bed above, and provide a single charger which is universally usable

to charge any type of secondary battery in a short period of tinme under any
arbitrary chargilf@% &he yoltage malug \axhiklitsothe ek ¥ayugr oBFERE, the

present 'nVGnthWHﬂahtéﬁbé déh%f&hdﬁﬁﬁﬁﬁciésﬁliélﬂwrﬁélﬂﬂrtﬁbﬁcbﬁaﬁ§é|y
the first aspect &EﬁinEthOd of hlg ed chargjn f secondar
batteries of thetﬁﬁb LI, IR RIG s R rﬂﬁﬁ?%# %H§?§ Rg® e¥8¥88ry
batteries conprising: Thesttampendtwte sHf | aixice L-hipdrogendbayterye tb

required togread q'g‘%'ﬁ(?‘a‘% e n ?M Shh Eifisn tggatgéc]@%g ?%a ﬁ%f]s'gt lﬁcf»gsge

whi ch sets an adlu data reading tine ta, accor ch ar
from the start of charging to Just before the 100% c ar e

level, and although the overall characteristics is
virtually flat with no extremely temperature increase,
except when the 100% charge level region is approached,

10 when there is a sudden increase in temperature.

In the case of yet another type of secondary.
batteries, lithium ion batteries, as shown in FIG. 4, the
battery terminal voltage increasing approximately in
direct proportion to elapsed time, from the start of

15 charging to the 100% charge-level, and when the 100%
charge level is reached, the voltage value exhibits the
peak value, after which subsequent charging results in no
further change in the battery.voltage, which maintains
the peak value. '

20 ) The battery temperature in the case of a lithium ion
secondary battery exhibits a gradual increase from the
start of charging, which, during the charging process,
changes to a gradual increase, until the 100% charge
level is reached, at which point the battery temperature

25 increases sharply as the same configuration as that of
the nickel-cadmium battery.

In an ideal secondary battery, the enexrgy of the
current caused to flow in the battery until the 100%
charge level is reached is spent in the chemical reaction

30 required for charging, and is not converted to thermal
energy.

However, after approaching the 100% charge level,
the rate of said chemical reaction becomes slow, the
remaining energy being spent in a chemical reaction not

35 related to charging, and converted to thermal energy.

Therefore, after the charge level reaches 100%, the
reaction contributing to charging does not occur
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rate C apd said basic data reading tinme tbh, said adjusted data reading tinme
ta being characteristic of said charging rate C, a step 4 which, during

t he charging Wa%ﬁﬁa?i) uses an appropriate sanpling nmeans to Wﬁ"&gﬁ‘ed

term nal voltage said secondary battery at |east once dur
ajusted data reading tine ta and whi ch stored4tke neasured voltage data
value at that tinme into an appropriate 1st nmenory neans; a step 5 which

repeats the operation,,of step 4 a det e mi ned nunber. of tipe

foPms t he sum?ratl gpmestiaksg 'stgiﬁsed'%/d"lcl“ﬁlgeéﬁda?’éévtatf%ege‘%?’é??l‘éﬂedﬁ}?ﬁﬁ *each
sai d adj usted data re&heang thenttemperatarren sisgs | nche | speed , ofibehe ts=Lx ta
and stores the v t U n opL A r
moans: o step 6 GHHH O dnAnaen mitnebsdn B ERR e Xt IR e
Dvl of the summsm faond tthd. sl adiscs miser) & igredt sddahnaff tgms vidb ukeDv2 of
t he sunnatl n for %.BE%# 2nd, sanpling tine (ts2) obtained in step 5,

and whi ch or es ISA erence [err]Dv in a 3rd menobry neans; a step 7
whi ch contlnuously r efhgse n@m@pﬁ@nmfﬂexkﬁxﬂuﬁrﬂﬁrqiﬂﬁmﬁn®f times M

and forms a furthakidaPal QRad t&neldés Alctd £5d 14 kl® BoEEd M (M
' If the charging operation is performed repeatedly,
the matter inside the battery which contributes to the

10 occurrence of the chemical reaction deteriorates, so that
it is not possible to store sufficient enexgy.

Therefore, as described above, if charging is -
continued even after the charge level reaches 100%, a
problem arises in that the deterioration of internal

15 matter in the battery is acéelerated, resulting in a
lifetime for the battery considerable shorter than the
intended life of the secondary battery.

For that reason, in the past, because of limitation
imposed because of the mékeup and characteristics of

20 secondary batteries, said charging operation was only
possible by means of very limited methods, and it was not
possible to solve the problems cited above.

Charging methods in the past have included, for
example, the following.

25 . (1) Charging with a minute (trickle) current (for
example, a current of 1/10 to 1/20 of the capacity of the
battery), and performing no control at the point at which
charging is completed.

In this charging method, there is absolutely

30 not control of the current, and the charging time
generally ends in approximately 10 hours to 15 hours.

. For this reason, in this charging method, the
charging time becomes extremely long, and there is a
danger or overcharging.

35 (2) Charging with a small current (for example, a -
current of 1/3 to 1/10 of the capacity of the battery),
with the end of controlled as being after a
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val ues) obtained for respective said sanpling tinmes (tsl to tsM to
determ'ne the ampunt of voltage data change [err] TDv for ancverall said
vol t age sanpl wugosigosm t. where t=tsxM the results being stored .

menory neans; a stop B which perforns a cal cul ati on, based on the anount of
vol tage data change [err] TDv stored in said‘4¥$|ﬁennry means, to determ ne
the-difference [err]Hv between the anmpbunt of the voltage data change

[err] TDv1 detemﬂégggg gblfSﬂédsglﬂg?raklch was generally 5 hours to 10

hours.

In this charging method, the charging time becomes

long, and there is a danger of temperature rise caused by
5 excessive current in the case in which the battery had
some remaining capacity.

(3) Charging with a relatively large current (for
example, a current of 1/3 to 1/1 of the battery
.capacity), and stopping the charging when the voltage

10 value of the battery being charged falls below a given
value (generally approximately 10 mV per cell).

The time for completion of the charging is
approximately 1 hour, and this is what is known as
relatively fast charging.

15 In this charging.method, while the charging
time is relatively short, there is a great dangexr of
excessive current, and a large rise in temperature.

Additionally, in this method, it is impossible
to detect the completion of charging in batteries having

20 characteristics such as were described in FIG. 2 and FIG.
3. .

For this reason, in the present invention, in
consideration of the characteristics of a variety of
previous secondary battery types, characteristics

25 heretofore unknown, which are common to secondary
batteries are employed in achieving the above-stated
object of the present invention. |

Specifically, in the high-speed charging method for
secondary batteries of the present invention, a method

30 and an apparatus for high-~speed charging of secondary
batteries is provided which makes possible the reliable
stopping of charging of any type of secondary battery at
a point in the charge level of 95% to 100%, charging at
current levels ranging from small -to large (for example,

35 equal to or greater than the capacity of the battery), -
and .in particular, high-speed charging, for example at a
charge rate of 2C in an extremely short period of time,
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-3- sanpling time (11)which runs fromsaid 1st sanpling tinme (tsl) to the
Mh sanjgling tine (tsM for the predereni ned
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for example 15 minutes or less.

What follows is a description of the high-speed
charging method and apparatus of the present invention,
with reference made to drawings.

FIG. 1 shows a block diagram of .one concrete example
of the configuration of the high-speed charging apparatus
for secondary batteries of the present invention, which
basically shows an apparatus for high-speed charging of
secondary batteries 1, comprising, a current-supplying
means 3 which supplies electrical current to the cells
of a secondary battery 2 requiring charging, a switch
means 5 provxded between said current-supplylng means 3
and terminal 4 of said secondary battery being charged, a
temperature measurement means 6 which measures the
temperature of said cells of said secondary battery 2, a
voltage measurement means 7 which measures the terminal
voltage of said secondary battery, a sampling means 8
which operates said temperature-measurement means 6
and/or said voltage measurement means 7 to measure the
temperature and/or the voltage of said cells of said
secondary battery 2 with the desired sampling interval, a
storage device 30 which sforeé each of the data sampled
by said sampling means 8, and which executes the required
calculations on said stored data, storing the results in
a separate memory means, a charging-control means 9 which
is connected to said sampling means and controls said
switch means 5, a charging rate setting means 10 which
sets the charging rate C, a basic data reading timing
generator means 11 which, based on the charging rate'cf;_
set by said charging rate setting means 10, generates the
predetermined basic data reading time tb, a corrected
data reading.time setting means 12 which, set the
corrected data reading time tc, the value of which is
characteristic to said charging rate C, an amount of'data
change reading sampling time setting means 13 which
multiplies the corrected data reading time tc by a
preestablished value I to set the temperature data amount
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Mth sanpling and the anpbunt of the voltage data change [err] TDv2
determiied for a second said overall sanpling tinme Wich runs fromsaid 2nd

sanpling ti othe (Mtl)th sanpling tinme (tsMtl) for t

pr edét er mi nrenc?vf\,/E%-a%‘ﬁi sanpling, said calculated difference [err ,’"’\%ﬂ%"r‘él
[err]Hv=[err] TDv2-[err] TDv1l, being stored ~n13d 5th nenory neans: a step 9
whi ch repeats said stp 8 while calculating the difference value [err]Hvn,
where [err]Hvn=[err] TDv(n+1l)-[err] TDvn, between the anount of voltage
changes [ err] TDvefachanpey meating: tsampliow fimedes), pan rovérat] asamplingd

ey, oo, | 192 BRIV 4L R G Enblnf
[err]Hv1 to [errpﬁvﬁ#@mepefgad' . sampling d-igee grediera tpeeestabbished
negative, i.e. |@aluehd teelset dHe v 1l baMp Xihg WIORS , t ] Nat Dot skamerge
of oecurrence of said difference val ue err].Hvl to.[err] Hvm whet her or,, not
sai d diffrehce vEPAES gPr]"EMF Stonss 3?19!1(5’ 1% Q%rt?é?ﬂ%n%éu’éﬁn??ﬁﬁoﬂy‘y,
and if said diffaeasnredaleach saildicdrrexsten alategatading timestc, a 2nd
continuously, stoago3d the@dd’ 96"Which stores the data Dtn which is the
summation of the L values of temperature data dtn stored
in said 1st memory means 15, a 3rd memory means 17 which,
10 from the data Dtn stored in said 2nd memory means, stores
the difference ADt between data Dt(n-1) measured at the
previous amount of change reading sampling time ts and
data Dtn measured at the current amount of change reading
sampling time ts+l, this difference value being ADt
15 (where ADt=Dtn-Dt(n-1)), a 4th memory means 18 which
stores the amount of temperature data change ATDt
obtained by taking the summation of each of the M amounts
of temperature data obtained at each amount of change
reading sampling time (ts) in the overall amount of
20 change reading sampling time t (where t=tsxM) obtained by
repeating said amount of change reading sampling time
(ts) M the required number of M times, a 5th memory means
19(A) which, with regard to the temperature data amount
of change ATDt stored in said 4th memory means 18, stores
25 the change ratio AHt calculated between the amount of
temperature data change ATDtn at the 1lst overall amount
of change reading sampling time tn and the amount of
temperature data change ATDt(n+l) at the 2nd overall
amount of change reading sampling time tn+l, which is
30 formed by shifting the time by one amount of change
reading sampling time (ts), said change ratio being AHt
(wvhere AHt=ATDt(n+l1l)/ATDtn), a lst judgment means 22
which compares said temperature change ratio AHt which
are stored in said 5th memory means 19(A) between said
35 amounts of temﬁerature change with a preestablished
"reference value K, and if said change ratio AHtm between
said amounts of temperature change exceeds said reference
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Addltlonally, t he second aspect of the nethod of high-speed chargi nh of
secondary batteries of the present inven- tion is a method for charging

secondary batyglekfsys£OMPri sing, a step 1 which sets a basic datqhg

time tb reqwreé’ to read data; a step 2 which sets a charging rate %ﬂdﬂaﬁ
step 3 which sets an adjusted data readi ng-t il®e -t a, according to the set
charging rate C and said basic data reading tine tb, said adjusted data

Which dur | ng. £ nQ IR Bhng R e Al hECE Hokh F81E naBaThil &
(rarzzﬁr galt geafj e lrjrgfrﬁaihj MEMErys Mehrse Adh(BY %le'bmhervyl'eh regard g’n@ ﬁthg uf_englnal
t enper at ur e Jolat aq'\c/La a{ﬁ l‘i&nriaﬂ [Bﬁf acfa]h ﬁ%@omrilb‘g{]seé Pé&ne‘?m??/mnggﬁéeda
R e e e e sl

ad] ust e ta fea

obt ai ned duting each sal 0 timeTta, over a sa %
time ts, where t@i’l_eﬁ#]ar?é‘q}mfr&f tghangg u@e@hcn@fsmelsm%ntnnaaﬁ he

appropriate 2nd niBint BREnperdtii-d ddhtL helkahge| #tBe(a-Pe) datf ehenead
[err] Dt bet ween

overall amount of change reading sampling time tn+l,

which is formed by shifting the time by one amount of

10 change reading sampling time (ts), said difference being
AHvm (where AHvm=Hv(m+l)-Hvm), a 2nd judgment means 23
which, with regard to each the m values of voltage data
amounts of change differences AHvl to AHvm stored
continuously in said 6th memory means 19(B), makes a

15 judgment as to whether the values are positive (zero or
larger) or negative (less than zero), and which performs
said judgment processing in the sequence of occurrence of
said voltage data amount of change differences AHvl to
AHvm, and if said voltage data amount of change

20 difference AHv is a negative value a preestablished
number of times S or more continuously, output s signal
which stops said charging operation, and a processing
means 24 which processes each of the individual data
stored'by each of said means, and a central processing

25 means 25 which controls the operation of each said means.

In the present invention, one and the same

high-speed secondary battery charging apparatus is
capable of performing high-speed charging of, as
described above, nickel-cadmium batteries, a

30 nickel-hydrogen batteries, or a lithium ion batteries.

. One of the characteristics of the present invention
is that, for the purpose of performing prgéise,
high-speed charging of any secondary battery, a
comprehensive study of the characteristics of said

35 secondary batteries was made, and the configuration was -
made so as to enable accurate and quick detection of
changes in characteristics values of said secondary
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t he val ye D11 of the sunmation for the 1st sanpling tine (tsl) and the
value Dt'2 of the summation for the next, 2nd, sanpling time (ts2) obtained
in step 5, andovhesam stores said differene [err]Dt in a 3rd npeayipedifusss;
a step 7 which continuously repeats said ste[-'). 6a predeterm ned nunber of
time M and fornms a further summation of theldarues of [err]Dt1 to [err]DtM
(M val ues) obtained for respective said sanpling tinmes (tsl ... tsM to

Gampl ing tine ¢ DARGAFIERAMARINS Ash (1 TRL e ecdeteqtlon REnERs
neans a step 8 Wpoihtperf whikhd Al Wetidmiarpdsettoniéderaathes obndirbion
of tenperature data chang err] TDt stared in said .4t r S
det erm ne the ratfo &h[eé'et%ﬁ&'ﬁs[ offb A T1T R %%@%aﬁ?g ‘afé?ﬁge
changfer E)renr r] ;rc[i)t ilé@tedf,n}hmﬂ a{l@m stdpming @l therchirgimpl processeatt thakch
'[ﬁgspredete m ne%gﬁﬁéﬁmggﬁwglﬁohgﬁg(#&%t %té%nﬁﬁ%%%%?%&n%;%t#géﬁé%gh%h;%e
[err] TDt 2 det er niimyentdiona isecomf ignined sy perfoonmeasyrerart ofwipikage
runs, Lgom sai d' 29d t32HRld At WdlRddes At tdie dild heseomhary batetiobiral
an extremely short interval, the results. of these
measurements being used to effectively determine the
10 charging condition of said secondary batteries.
More specifically, in the charging operation
performed by the present invention, in order to make a
judgment of whether or not the charge level of 100% or
the 100% region has been regched, regardless of which
15 type of secondary battery is being charged, as shown in
FIG. 2 through FIG. 4, it is appropriate to detect the
point of the occurrence of a peak value in the voltage
data, or, in the temperature data, to detect the point at
which the temperature rises at a sudden high rate.
20 For example, in measuring voltage data, as shown in
FIG. 5 (A), with previous methods, to make the amount of
data change Aa large, it is necessary to make the
sampling interval p a somewhat long interval.
However, in charging, if the sampling interval p is
25 long, as shown in FIG. 5 (A), there is the problem of
losing the opportunity of detecting the peak in the
voltage data, thus making it impossible to detect the
proper time to stop charging.
On the other haﬁd, if the sampling interval p is
30 made short, the cost of reading the amounts of data
change Aa becomes very high, making it impossible to
implement an economic system. .
For this reason, in the present invention, the basic
data reading time tb required to read data is set, a
35 corrected data reading time tc, which is characteristic-
to the charging rate C is set based on that time and the
chargiqg_fizgi_zhg_gggg;ggl voltage of said battery
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predeterm ned Mtl-th sanpling said calculated ratio [err]H, where
[err]HZ[err]TDt2/[err] TDt 1, being stored in a 5th nenory neans; a step 9

whi ch' repeat s wdgsioogmr at i ons of said step 8 while cal cul ati ng tBer/mpdaiodss:
valué [err]Hn, where [err]Hir=[err]TDt (n+1)/[err] TDn, between the anount
of tenperature changes [err] TDin and [err]Ttx% +1) determ ned for each pair
of adjecent said overall sanpling tines tn and tn+l, and stores the

cal cul ated resul t%nh?o Qa&?tg%reyt i’at%r%t ot 15%1‘9{“1:%’:14#‘19%[ fﬂ%ﬂ;@d

informati on store means whet her
bet ween two adj acene ime sen:bemm @laan!g@mr@cet@sialdatf@ greagting crimenbe,

I th
or is less than a;fiuenchahte bns 224 n af‘g?%;% it ga:s alédtattfﬁél?éd qmd:&séz} Hm

S equal to or greater than t gl ven
addition, it is peisitbmeStb:tmvgflttaﬁ@ &rt’qw,nnwture data from

above- descr ided agReehs opbrhls oplse s¢R! s'uﬂM@?lt' s@patiate 1Y} Iherd Rfhnis Qe ¥
battery charging nethod agpa thlrg as th theagT sent inventio

Because the hi ght PB&BE ER%FYi AF FRERGTe DT r]'teh amount
pr esent |nventlonoﬂBHESau&haﬁbet&9aﬂhﬂm65ampllng time ts (where ts=Lxtc).

Refer to the graph of FIG. 5 (B).
By virtue of these operations, the apparent accuracy
10 of the measured voltage data and/or temperature data is
thus multiplied by L.

A 3rd memory means 17 which, from the data Dtn
stored in said 2nd memory means, stores the difference
between data Dt(n-1) measured at the previous amount of

15 ‘change reading sampling'tiﬁe ts and data Dtn measured at
the current amount of change reading sampling time ts+l,
this difference value being AD (where AD=Dtn-D(n-1));

Next, in the present invention, the difference
between the variable Dn at said amount of data change

20 reading sampling time ts (where ts=Lxtc) and the variable-
D(n-1) at said previous amount of data change reading
sampling time ts is determined as AD (where
AD=Dtn-D(n-1)), the results being sequentially stored in
3rd memory means 17.

25 Subsequently, these operations are repeated a
preestablished number of times M, the total, as shown in
FIG. 5-(B), being taken as the amount of voltage data
and/or temperature data change ATD for the overall said
amount of change reading sampling time t (where t=tsxM).

30 After that, as shown in FIG. 5 (B), the overall said
amount of change reading sampling time t and said data
amount of change reading sampling time ts are each
shifted by one at a time, as the amount of temperature
data and/or voltage data change ATD1 to ATDm for

35 respective overall amount of change reading sampling
times tl to tm is determined.

Therefore, ultimately in the present invention, the
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descfibeﬂ basi c technical configuration, even for secondary batteries of
differing types, in consideration of the nmutually differing charging

charactersti ogo%ddt ed by the secondary batteries, such as teﬂ%{ﬁ@hm 51
voltage or tenperature, it is possible to determ ne the conmon c acterlﬁlcs

of secondary battries having differing consti2lutent elenments, to accurately
determ ne the point at which the charge | evel reaches nearly 100%
enabling not only ¢gne and the sane apparatus to be used to reliably charge

secondary bett eri E&™Bf Ofi PEEFURINGoAEEL, Yotage Batan Al /amienrpRaiere
accur at e det er m ndatanambuhbeofhahgageenwad d¢r iexpridisathalgitMmaaess/c | he

of nearly 100% and {hENSFSBAFRy of LHE BRSPSy BHGRIGON, TAREGRATY he
result being not aalgcainglthblwa&uebdaﬁc&hefmhmqusﬂatedenunnt&nﬁstwm?m
thor by oauS ng (46, § Srer BEoPABseT: HAth SO TeNE RN ral A Al AR e
rated maxi mun t enPel¥t iPerepdameaguremgatagateo widihd glombauranytt &yt but .
al so a det erm natpgo 0f pbbgusBatae! ehhak! 6dtained by ¢HATAMG R P Hrerall
amount of change reading sampling time (ts) is shifted
one at a time is set, so that said voltage data and/or .

10 temperature data amount of'change ATD is obtained at an
interval which is said amount of change reading sampling
time (ts), it is possible to obtain the large amount of
change data ATD which is sampled at the relatively long
interval of the overall amount of change reading sampling

15 time t, within the relative short time which is the
amount of data change sampling time (ts), it is possible
to determine at a short sampling interval whether or not
to stop charging, resulting in a detailed and precise
charging operation. '

20 In addition, in the present invention, for the
purpose of performing high-speed charging, and in
consideration of the fact that said secondary batteries
of differing types are used, the measurement conditions
are changed, the configuration is made such that,

25 according to the the speed of charging, or what is
normally called the charging rate, so that high or low
charging speeds can be employed to obtain the optimum
charging operation. .

The apparatus for high-speed charging of secondary

30 batteries 1 of the present invention, is provided with a
switch means 5 which is connected between the terminal 4
of the secondary battery being charged and the
current-supplying means 3 for the purpose of supplying
charging current to a secondary battery 2 requiring

35 charging, said switch means 5 being controlled by said -
charging-control means 9, so that the current from said

current-supplying means 3 is on and off controlled.
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with repect to the speed at charge, or charge rate, thereby enabling
chargi ng of secondary batteries which are of the same constituent elenents

at different \whakgezjates, further enabling in particular the éi’% '
Nes

hi ghped char gi ng of secondary batteries. BRI EF-DESCRI PTI ON OF

FIG 1 is a block diagramwhich shows the.cor#2 guratuon of a specific
exanpl e of the high-speed chargi ng apparatus

10

15

20

25

30

35

In performing charging of said secondary battery 2,
said switch means 5 is turned on, so that current flows
from said current-supplying means 3. to said secondary
battery 2 of said secondary battery, and when the charge
level of said secondary battery reaches 100% or when, as
described later, a condition is detected which indicates
that said'secondary battery is approaching the 100%
charge level, said switch means 5 is switched off, and
the current from said current-supplying means 3 to said
secondary battery 2 is cut off.

In the present invention, as'described later, when
measuring voltage and/or temperature at each sampling
time, it is desirable to make the measurement with said
charging current cut off, and in this case, when
measuring the above-stated &ata, intermittent drive is
used, so that said switch means 5 is cut off in
synchronization with the sampling signal of said sampling
times.

In addition, from the measurement results of each of
said data, when a measured data is detected which is
outside the range of normally allowed values, it is also
possible to turn said switch means 5 off, so that the
charging operation is stopped.

The reason for this is that, in the present
invention, in measuring the above-stated voltage and/or
temperature, if a measurement is made with the charging
current flowing from said current-supplying means 3 to
said secondary battery 2, because there will not be a
uniform reaction occurring within the battery, the
voltage value will include an error, making the
acquisition of accurate measurement data impossible.

As described above, when a measurement is performed
while charging current is flowing, it is impossible to
avoid contact resistance between said secondary battery
and the charging apparatus, so that, for example, a
voltage drop will develop across the contact resistance
due to the charging current, this also making it
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difficult to obtain accurate measurement data.

Next, in the present invention, a microcomputer is
used to measure a large amount of terminal voltage and
battery surface temperature voltage for the secondary
battery in an extremely short period of time, and to
analyze the results of these measurements, making
judgments as to whether or not the secondary battery has
reached a charge level of 100% or the region near 100% as
it tracks the minute variations of secondary battery
characteristic values.

Furthermore, in the present invention, the
configuration is such that even if the charging rate C,
which is a charging condition, is varied, it is possible
to complete precise charging in a short périod of time.

For this reason, in tﬁe apparatus for high-speed
charging of secondary batteries 1 of the present
invention, there is provided a charging rate setting
means 10, for the purpose of adjusting the speed of
charging, that is the charging rate C, to the
characteristics charging rate of the secondary battery to
be charged. '

By virtue of the above, it is possible to set the
sampling period for measurement during the charging
operation to a value that is optimized with respect to
the charging rate C for said secondary battery.

In the apparatus for high-speed charging of
secondary batteries 1 of the present invention, there is
provided as part of the circuit configuration a basic
data reading timing generator means 11 which sets the
basic data reading time tb, the basic data reading time
tb generated by said basic data reading timing generator
means 11 being adjusted by corrected data reading time
setting means 12, based on the charging rate C set by
said charging rate setting means 10, so that the
corrected data reading time tc is- characteristic to the:
charge rate C of said secondary battery.

In this case, the corrected data reading time tc,
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-4- for secondary batteries of the present invention. FIG 2 is a graph
whi ch shows the charging chareristics of a nickel-cadnmi umbattery. Fl G
3 is a graph wossweghows the charging characteristics of a nickﬂérmﬁgk@gﬁn
batteéry. FIG 4 is a graph which shows the chargi ng characteristics of

a lithiumion battery. FIG 5 (A is a.dra@fimg which shows a curve of
nmeasur enent data and the relatlonshlp of the sanpling interval p to th

t of ch nd FI (B |s a dra ich .shows.the relati onshipg of
P aour omand sl 1 (e L SN IO IR Netta IR ESLEL 2RRE B B
change reading sam@mdub&sxmad&ta feadine fpimsecrld, i carnalso. be expr&sséd(As

Is a draw ng whi cQ%ﬁ gﬂ{&&’%%%oéomriféj s of the voltage

neasur ement data and con
The above constant A can be set as appropriate, for

5 example, as a positive integer such as 16.

In the present invention, during the charging of the
battery, the battery terminal voltage or battery
temperature is measured by means of said sampling means 8
at least one time during said corrected reading time tc,

10 the voltage data or temperature data d at that point
being separately stored in an appropriate lst memory
means 15, said measurement operations being repeated

~continuously a preestablished number of times L, with the
plurality of voltage data obtained at each of the

15 corrected reading times tc being summed, the amount of
change Dn in the resulting voltage data or temperature
data at the amount of change sampling time ts (where
ts=Lxtc), for example Dvn and Dtn, being stored in an
appropriate 2nd memory means 16.

20 Next, in the present invention the difference
between the amount of change D1 at the lst sampling time
(tsl), which was stored in the 2nd memory means 16 and
the amount of change D2 at the next, 2nd, sampling time
(ts2), which was stored in said 2nd memory means 16 is

25 determined by calculation, the results being the
differences in amount of change AD, which are stored in
3rd memory means 17.

In the present invention, during a preestablished
period, which is the overall amount of data change

30 reading sampling time t, these operations are repeated
continuously a preestablished M number of times, with the
overall amount of data change reading sampling time t
expressed as t=txxM. ‘

In the present invention, the measured values of

35 data ADl to ADM obtained by performing repeated
continuous measurements during said amount of data change
reading sampling time are summed, the amount of voltage
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of change therect in the present invention,and FIG 6 (B) is draw ng which
descri bes one exanple of .analysis of the tenperature neasurenent .data and

condition of wbasges7i hereof in the present invention FI G TP34/00651
fl owchart which shows one exanple of the procedure in the case o execut1 ng
the secondary battery charging nethod of the $Pesent invention. FIG 8

is a flowhat which shows one exanple of the procedure in the case of
FIG 9 19 a Tl oncHAFR GRREHSGASRS SonE=drnea ol mmowvh cn misnes (radig
of executing the samphilagythmet erXteM)n@amgwmlénﬁmﬂﬁeda,r enedtresult for
orocedure i n the Tabbage aden AHE Tehpliatl-a MRS SHER Sdntitely
t he present invenihofth memory means 18. .

5 . Because subsequent operation differs slightly
between voltage data and temperature data, the operation
for voltage data will be described first.

First, using the amount of voltage data change ATDv
which was stored in said 4th memory means 18, the '

10 difference between the voltage amount of change ATDv1l
measured from over the said overall amount of change
reading sampling time established as running from said
l1st sampling time (tsl).to the sampling time (tsM) for
the M-th sampling,'and the voltage amount of change ATDv2

15 measured from over the overall amount of change reading
sampling time established as running from said 2nd
sampling time (ts2) to the sampling time (tsM+l) for the
M+l-th sampling is determined by calculation, said

- calculated difference AHv being stored in a 5th memory

20 means. ' _

These operations are performed continuously, and'ag
general description of the above operations is that, with
respect to the measured amount of voltage change ATDvn at
a given overall amount of voltage data change reading

25 sampling time tn, said amount of change reading sampling
time (ts) is shifted one at a time, while continuous
repeated calculation is performed of the amount of
voltage changes ATDvn to ATDv(n+x) at said overall amount
of change sampling reading times t(n+l) to t(n+x), which

30 are derived constantly by summing M of said amount of
change reading sampling times (ts), and, similar to as
described previously, these are stored in said 4th memory
means 18, while the amount of voltage changes ATDvn and
ATDv(n+1) occurring at adjacent overall amount of change

35 reading sampling times tn and t(n+l) are used to
calculate the difference value AHvn (where
AHVN=ATDv(n+1)-ATDvn), this being stored in 6th memory
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FIG-11 is a flowhart which shows one exanple of the procedure in the case
of executing the secondary battery chargi ng nethod of the present

inveption_.  WO9s0947 is a graph show ng one exanpl e of the volsEgar4/00651
characteristics of a nickel-cadm umbattery when charged at 0.25C, FI G

13 is a graph showing the a graph of the ch‘ar?&eS‘ in the overall voltage
anmount of change [err] TDvn and the counter value N when the charging of
FIG 12 is done. ngﬂ%@ &f_is a graph show ng one exanple of the
tenperature char dCT @I s |(:s' of a nickel -cadm um battery when charged at 3C
FIG 15 is a graph shdWith vespestante cthe mheonbinbg‘ésiﬁaﬂb§@éf1?§t vadugs a

ni ckel - cadm um bajt el e ENPS PEade dndfige differences AHvl to AHvm, a
judgment is made by 2nd judgment means 23 as to whether a
5 value is positive (zero or greater) or negative (less
than zero), and said 2nd judgment means 23 further
executes a judgment processing in the sequence of
occurrence of said amount of voltage change differences
AHvl to AHvm, to make a judgment as to whether or not at
10 least a preestablished number of continuous values of
said amount of voltage change difference AHv is or is not
negative, and if S continuous values of said amount of
voltage change difference AHv are negative, a judgment is
made that said secondary battery has reached the 100%

.15 charge level or is in the 100% charge level region, and a
signal is output for the purpose of stopping said
charging operation, which causes said charging-control
means 9 to operate to turn switch means 5 off, and stop
the charging operation with respect to said secondary

20 battery. '

BEssentially, as shown in FIG. 6A, when an appfoach
is made to the fully charged condition, the rising curve
of said voltage data becomes gradual, and the
above-mentioned difference becomes either zero or

25 negative.

Then, in the case in which said difference value is
either zero or negative, an appropriate counter value is
advanced by 1, and when said counter value reaches a
given value of, for example, 3, said charging operation

30 is stopped. _

What this means is that with the method of stopping
the charging as described above in the present invention,
if the difference between the previous value of voltage
of the secondary battery and the current value of voltage

35 of the secondary battery is either zero or negative for -3
times in a row, it will be assumed that the secondary
battery has reached a 100% charge level, and the charging
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FIG. 16 is a graph showing the a graph of the changes in the overal
vol t age anmount of change [err] TDvn and y=t he counter value N when the

char gi ng of RvG 951357&5 done. FIG 17 is a graph show ng onmﬁﬁyﬂiﬁégf

t he Vol tage characteristics of a nickel-hydrogen battery when

0. 25C. FIG 18 is a graph showi ng the a. ggaph of the changes in the
overal | voltage amount of change [err]TDvn and the counter value N when the
charging of FIG 17 is done. FIG 19 is a graph show ng one exanpl e of

t he vol tage charanperaSionswbllabeikebppgdnogen battery when -charged at 1C.
L a0 Lo 07 2PN SOt L o 090y ARTERA A R el Eilture o
chargi ng of FIG tlse|secomdary battery, of the temperature data amount of
change values ATDt stored in said 4th memory means 18, a
5 calculation is performed to determine the change ratio
between the temperature data amount of change ATDtn at
the l1lst overall amount of change reading sampling time tn
and the 2nd overall amount of change reading sampling
time t(nt+l), which is formed by shifting by said amount

10 of change reading sampling time (ts) at a time, this
change ratio of AHt (where AHt=ATDt(n+1)/ATDtn) being
stored in 5th memory means 19(a).

Subsequently, said change ratio AHt between amounts
of temperature change is compared by lst judgment means

15 22 with a preestablished reference value K, and if said
change ratio AHt between amounts of temperature change
exceeds said reference value K, a signal is output from
1st judgment means 22 for the purpose of stopping said
charging operation.

20 Thus, as shown in FIG. 6B, in the region of full
charge, since in the rising curve of measured
temperatures of the secondary battery suddenly increases,
the ratios of ATDt(n+l) and ATDtn for each amount of
change reading sampling time (ts) is taken, and if said

25 ratio is greater than a preestablished reference value K,
it is assumed that said secondary battery has reached
100% charge level, and the chérging operation is stopped.

In said 1st judgment means 22, if said change ratio
AHt between amounts of temperature change differences

30 exceeds a preestablished reference value K, the judgment
will be made that said secondary battery has reached 100%
charge level or the 100% charge level region, and a
signal will be output for the purpose of stopping said
charging operation, the result being that said

35 charging-control means 9 is operated to turn said switch
means 5 off, thereby stopping the charging operation of
said secondary battery.
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Best. Mode for Carrying Qut the invention The following is a detailed
desciption, presented with reference to draw ngs, of concrete exanples of

t he met hod aRglgafgasat us hi gh-speed chargi ng of secondary bate?ﬁg
preséent invention. The background of why the inventors of e present

i nvention enpl oyed the above-described technid8al- configura- tion in the
nmet hod for high-speed charging of secondary batteries of the present

invention starts with |nvent rs of, the present{ invention i ng. a
horough anal ver s and WHOLFSATE Gho CFhe B ERaRE| HaVERELGRs cRLERPREN Ehe
secondary bat- teawetdsod haf measubien theneermbha) ewhtagbl ofi saide past,

Sbovedeser i bed SOy AP Eeer vt g SHRFEI SR b P, HAS,
si ngl e appar at us Gh&tgﬁﬂQunpéxnt;mnfnfnthg judgment is made that the
5 charge level has reached 100% or the 100% region, and the
method of measuring the temperature of said secondary
battery during charging and stopping the charging
operation if the judgment is made that the charge level
has reached 100% or the 100% region were described
10 separately, in the present invention it is possible to
combine these two methods, thereby enabling a more
accurate determination of the charge level.
Additionally, in the present invention, although the
basic method is when measuring voltage data, to measure
15 the voltage data measured af each amount of change
reading sampling time (ts), repeating this M times,
thereby accumulating the overall data value during the
overall sampling period t (tsxM), using the results to
observe the change of said voltage data, in the charging
20 of a secondary battery, when the charge level of said
secondary battery is 100% or is in the 100% region, the
change in temperature becomes very gradual, so that if
the sampling period is made long, it is possible to, for
example, detect the peak value on the temperature
25 variation graph, or to accurately and quickly detect such
conditions as a dropoff from the peak value, or in
addition, the condition in which there is no change from
the peak value over a given period of time.
For this reason, in the high-speed charging method
30 ‘for secondary batteries of the present invention, another
possible form is that in which, every time a voltage data
amount of change ATDvn is measured each said amount of
change reading sampling time (ts), a difference between
that value and the previously determined voltage data
35 amount of change ATDv(n-1) is determined, a determination
is made as to whether that value is either zero or
positive or zero, and if the value is positive, a counter
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hi gh-speed charging of different types of secondary batteries, for
perform ng precise charging even if the charging rate is varied with
respect to say@ogeapndary batteries of differing types, and f“g&?ﬁﬁm$6M$l
perform ng hi gh-speed charging of said secondary.batteries of ditfering
types. The inventors, then, analyzed, the&%hi<kel-cadm um batteries,
ni ckel - hydrogen batteries, and lithiumion battries. which were thoughtto
be the inportant égpes of those types commercialy available in the past,
the result of thi ahm‘ry%gsab@rﬁgsgﬂhhshe@eﬁﬁpar fomik yrAmec ¥ddsumeset
batteries, as shoywh zérd] Gu. ifhehéevalnal i¥0hbgaeidy, | BlieCbardtond said
continues a gradual .increas up@%o,the $oint at mﬁiaﬁ 100@6char%§ | evel is
reached, at whi clFPYITRT FHEUR A8 §8tnrEepentRd PYwle hOF uft K888 har gi ng
causi ng a decr eaxsorrespdidiyeg to sihd@mégatiespeadner &sohdded thoeltheads,um
battery is pbsery, i pe [ l ght _inc LN fer, t
start of chgr gin aer%% :'J'Puséﬁ%ef%%%f{:%lgalﬁ‘é& (é:%gégggl 5&%?;8?"%%%%%%1 ﬁgli.l)ld@g H}g ?r
overal | charact erbiguitsvalugW; ybhe ychapgingt apasation with regard to said
secondary battery is stopped.

In the case in which said difference amount is zero,
it is possible, for example, to forcibly add a

10 preestablished negative constant 2 (for example -2) to
said counter value AS, so that if the difference value is
zero, indicating that the voltage data curve is not
changing, it is treated as if it were a negative value
for the purposes of processing.

15 Next, one concrete example of the operating
procedure for the high-speed charging method for
secondary battery of the present invention will be
described, with references made to the flowcharts of FIG.
7 through FIG. 9. _

20 FIG. 7 through FIG. 9 are flowcharts that explain
the operation of one specific example of the high-speed
charging method for secondary batteries of the present
invention. First, at step (1), the basic data reading
time tb required to read data is set, operation

25 proceeding to step (2), at which the charging rate C
which is a rated value suitable for executing charging
with respect to said secondary battery.

In the present invention, in addition to being able
to charge secondary batteries having individually

30 differing constructions, there being secondary batteries
of the same type but having differing charging rates, it
is possible to also, in accordance with the charging rate
that is indicated as a specification, by executing
sampling of the ideal measurement values, to collect

35 precise déta, enabling accurate and high-speed charging-

' Next, operation proceeds to step (3), at which the
corrected data reading time tc, which is characteristic
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to the set charging rate C is set in accordance with the
set charging rate C and said basic data-reading time tb.

Then, at step (4), since in the case in which the
measured voltage value amount of change is either zero or
negative a preestablished number of times, for example P,
in a row, the judgment is made that said secondary
battery being charged has reached the 100% charge level
or the region of 100% charge level, and said charging
operation is stopped, if this occurs, at this step the .
preestablished value of P is set into the counter I,
which counts down.

At step (5), in order to repeat the sampling
operation every corrected data reading time tc, which
value is characteristics to the charging rate C, for
example L times, said preeétablished.number of times L is
set into counter II, which controls said numbexr of
repetitions.

Next, operation proceeds to step (6), at which the
time data corresponding to the corrected data reading

time, which is characteristics to the charging rate and

which is set at step (3), is set into counter II.

After this, at step (7), when measuring the voltage
and temperature data of the secondary battery being
charged, for the reason described previously, the supply
of current to charging said secondary battery is cut off
at the instant of the data measurement.

As described previously, the charging current at the
time of these data measurements is cut off by turning the
switch means 5 which comprises the transistor in FIG. 1
to off.

After that, at séep (8), the terminal voltage (dv)
of said secondary battery being charged is measured, and
at step (9), the results are stored into lst memory means
15, that is, in memory I. '

In the same manner, at step (10), the surface
temperature (dt) of said secondary battery being charged
is measured, and at step (13), the results are stored
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extrenely tenperature increase, except when the 100% charge | evel region is
approached, when there is a sudden increase in tenperature. In the
case_of ni ckewolwgoqzgen batteries, which is shown in FIG 3, thechalla6es:
termnal voltage continues its gradual increase fromthe start of the
charge until the 100% charge |evel, and when 3he-charge | evel reaches 100%
the voltage val ue exhibits the peak val us, after which subsequent charging

esults 10 no furthel GhangentngpALLEEY, YOlbates G L 405, LS RSp

I. :
Next, operation proceeds to step (12), at which the

supply of charging current is starting once again to

5 restart the charging operation, after which at step (13)
a judgment is made.as to whether or not either the
voltage value or the temperature value just measured
exceeds the preestablished data limit value, and if said
measured data does exceed said limit value, the judgment

10 is made that an abnormal condition has occurred in the
"secondary battery being charged, and said charging
operation is stopped. '

If, however, both the voltage value and the
temperature value just measured are judged normal at step

15 (13), operation proceeds to step (14), at which the set
value of counter III is decremented by 1, and operation
proceeds to step (15), at which a judgment is made as to
whether or not the value of said counter III is zero, and
if it is not zero, a wait is made until the value of

20 counter III is zero, that is, until the corrected data.
reading time tc has elapsed, and after a verification is
made that the value of said counter III is zero,
operation proceeds to step (16), at which the values of
voltage data dv and temperature data dt obtained from the

25 measurement just mad are added to the respective values
of voltage data dv and temperature data dt obtained at
the immediately previous”measurement, the results being
cumulatively stored separately into said lst memory means
15.

30 Next, operation proceeds to step (17), at which 1 is
subtracted from the setting value L of counter II, and
operation proceeds to step (18), where a judgment is made
as to whether or not the setting value L of said counter
I1 is zero.

35 Thus, in the present invention, while voltage data-
and temperature data are measured at least one time
during said corrected data reading time tc, the
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The .t enperature of a nickel -hydrogen battery, simlar to a nickel-cadm num
battery, gradually increase fromthe start of charging to just before the
100% char ge Wweysspgggnd al t hough the overal|l charecteristics i Spyspodbdsy
flat 'with no extrenely tenperature increase, _except when the 100% charge

| evel region is approached, when there is a 8&dder increase in tenperature.
In the case of yet another type of secondaryo batteries, lithiumion
batteries, as shown in the battery ter VQIta e i ncreasing
appr oxi Mt o1 y | 1 SHEPELA TS, SEETATL S AR, FAPARRE VAT e start of
charging to the pﬁt@%sctladurlgshed/eimeancthdten.st l xHGRP o ttHen mipa Svenashents data

reached the vol tgg‘gum:l rﬁ?&m&yh%a% Ps%lfnp\éﬂl[ tbe’tﬁ{é e tggfu' ch subsequent

charging results in no ange | ry vol. whi ch

mai nt ai ns the pepxeeartabllshedTmumrt ofy timesor &thate digy tle vdamh(ﬁateses
lithiumiong Secoﬁéﬁéh'%%he@f %hdbh{e%s%z%@i‘x@ IGLARA ud r&f“ﬁ Ne Sl t

of charging, which, durin arglng process, changes to a gradual
increase, until arbita apJ&- i's reached.

Therefore, at step (18), if the setting value L of
said counter II is not zero, it means that the required

number of measurements has not yet been reached, so that
10 return is made to step (6), at which the above-mentioned
steps are repeated.

- If, however, at step (18), the setting value L of
said counter II is zero, this means that the required
number of measurements has been reached, so that

15 operation proceeds to step k19), at which a calculation
is performed to determine the sums, Dvn and Dtn, of the
voltage and temperature data values that had been stored
into 1st memory means 15 L times each corrected data
reading time tc, these results being stored separately

20 -into 2nd memory means 16 (memory II). '

Next, at step (20), using the data that had been
stored into said 2nd memory means 16, the differences
between the values Dv(n-l1) and Dt(n-1) stored into memory
IT the immediately previous-measurement and the values

25 . Dvn and Dtn of the current measurement, that is, the
amounts of change between the data measured at the
current measurement data amount of change reading
sampling time (ts) and the data measured at the
immediately previous measurement data amount of change

30 reading sampling time (ts-1) are calculated, at the step
(21) the resulting ADv and ATt are stored separately into
said 3rd memory means 17 (memory III).

After this, at step (22), using the data ADv and ADt
which had been individually cumulatively stored into 3xd

35 memory means 17, said amount of change data ADv and ADt -
obtained at the current measurement data amount of change
reading time (tsl) are added respectively to the amounts

i




at which point the battery tenperature increases sharply as the sane
configuration as that of the nickel-cadm um battery. In an ideal

secondary batwemyngegzfie energy of the current caused to flow in gd@ypoliddese’ v
until the 100% charge level is reached is-spent in the chenical reaction
required for charging, and is not converted 33 +hermal energy,

However, after approaching the 100% charge level, the rate of said chem ca

reacti on becones s|ow, the temaining, energy being spent in a chem cal
reaction not rel RechangdAatabiainedndtrthe LomedipkelyepEey;ious

Therﬁfore, a; ter rﬁéhﬁs&f&ﬁél@t!@ﬂ@%_amé@ﬁlﬁhéﬁ éﬁggfgéhegaaaﬁ | @AmeC Qg0 )hUtHheD

to_charaing does - 00 GECHE LAIOLRIShpBel 3a' SEBEEy. 00at IR NS S,

I NCreses, causi ngnenmecy emgentsir k8t (memoeey IV).this al so causes a great deal

of gas to bg generatedyy thjg step (22), said measurement data amount of
change reading sampling time (ts) is set a numbexr of
times, for example M times, and the accumulated sum of
the amount of change data values obtained at each of the
sampling times (tsn) is calculated.

10 For this reason, at step (23), a judgment is made as
to whether or not the total number of data stored in said
4th memory means 18 (memory IV) is a preestablished
number, for example M, and if the result of this judgment
is NO, the judgment is made that the measurement data

15 amount of change reading sémpling time (ts) has not been
repeated the preestablished number of times M, and return
is made to step (5), after which step the above steps are

repeated.
If, however, the result of step (23) is YES,
20 operation proceeds to step (24), at which a calculation

is made, with regard to the measured voltage data, from
the overall amount of change data which had been stored
into said 4th memory means 18, to detexrmine the
difference value AHv (where AHv=ATDv(n-1)-ATDvn) between

25 the amount of change from the immediately previous
measurement data, that is, the overall amount of data
change ATDvn, which is based on the M data measurements
at said measurement data amount of change reading
sampling times (tsl) to (tsm), and the amount of change

30 from the current measurement data, that is, the overall
amount of change ATDv(n-1), which is based on the M data
measurements of said measurement data amount of change
reading sampling times (ts0) to (tsM~1), and at which
also a calculation is made, with regard to the measured

35 temperature data, from the overall amount of change data
which had been stored into said 4th memory means 18, to
determine the change ratio value AHt (where
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These phenonmena forma vicious circle, and ultimately lead to the
destrfuction of the battery. If the charging operation is perforned
repeatedly, wWweesidtier inside the battery which contributes topttare4/00651
occurrence of the chem cal reaction deterlcrates so that it is not possible
to store sufficient energy. Ther ef or e, —as4d&scri bed above, if char gi ng
I's continued even after the charge | evel reached 100% a problemarises in

that the deteriC)éﬁ%JH&ﬂgﬁﬁjgﬁ?dﬁéi tgég ééhtéﬁbtﬁméfmoréﬁ éﬁgﬁ&@fg{@ﬂ

resulting in ali tt’ery consi derab ter than_ the
intended |ife of &hee W}bdﬁﬂﬁpus meagFePRRt (dakdn ﬁ“'ﬁ the phet,

because of | iy apsact s aues cihdis iUp, 2ASk katachesed: ons of

Very 1 tod met s Aia MeREERSTS S bt 1% SAveEeRens SebL ARpEEs

?glom g §ha_r Qigl dRRimpsiwdduime fanplimyetimes udesl) fos exampl andt bbe
amount of change from the current measurement data, that
is the overall amount of data change ATDtn-1, which is
based on the M data measurements of said measurement data
amount of change reading sampling times (ts0) to (tsM-1l),

10 the results, AHv and AHt, of said calculations being
stored, respectively, in 6th memory means 19(B) (mémory
VI) and 5th memory means 19(A) (memory V).

After that, at step (26), a judgment is made as to

whether or not measurement data is voltage data, and if
15 the result is NO, operation proceeds to step (27), at
' which, as shown in FIG. 6B, a judgment is made as to
whether or not said overall amount of change, AHt, of
said measurement data is larger than a preestablished
value, for example the value K, and if the result is YES,
20 operation proceeds to step (28).

Thus, the overall sum of said temperature data
amounts of change ATDtn over the M times of measurement
data amount of change reading sampling time (tsl) to
(tsM) is shift one said measurement data amount of change

25 reading sampling time (ts) at a time, and if the change
ratio with respect to the overall sum said temperature
data amounts of change ATDt(n+l) over the M times of
measurement data amount of change reading sampling time
(ts2) to (tsM+l) is large, indicating that the rate of

30 rise of said temperature measurement data has increased
over a short period of time, the judgment is made that
said secondary battery being charged has reached the 100%
charge level or the region of the 100% charge level, and
the charging operation is stopped at this point.

35 The preestablished value X can be set as desired,
and in the present invention, it is set as a value of,
for example, 2 or greater.
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(1) .Charging with a minute (trickle) current (for exanple, a current of
1/10 t-0°1/20 of the capacity of the battery). and perforning no cont ol
at the poi nt wo9spazh charging i s conpl et ed. In this F19bdMbes1
met hod, there is absolutely no control of the current, and the char gi ng
time generally ends in approxi mately 10-h¥urs to. 15 hours. For
this reason, in this charging nethod, the charging tine becones extrenely

Long, and thre IS 2 JGEE 9%, o 4" SHELENRs yonslZh o U e
batery), with thezehuroughoFIGha4g|ﬁgrcanseabhddrgsbhekngyab&ehny
T e o, e RER 1B OFREERLL B O AR Oyl Mo Jayedy gy
of tenperature r.gpthggsggaches 100% or the region of 100%, or exceeds the
5 100% level, since the measured temperature data rate of
rise changes suddenly from its previous gradual increase
to a rapid rate of rise, this condition is detected,
enabling detection the reaching of the 100% level or the
region of 100% charge level, or the exceeding of the 100%
10 charge level.
- If at step (27) the judgments result is NO,
operation proceeds to step (29), at which, for the
- purpose of determining the overall amount temperature
measurement data amount of change, ATDt(n+2) for the M
5 temperature data over the measurement data amount of
change reading sampling time (ts3) to (tsM+2) by shifting
said measurement data amount of change reading sampling
time (ts) one at a time, after first deleting the first
of the M temperature measurement data currently stored in
20 memory V, return is made to step (23), after which the
above operations are repeated.

At step (28), if the result was YES, the operation
proceeds to step (30), at which a judgment is made as to
whether the change in said overall voltage data amount of

25 change, that is AHv, is zero or negative less than zero,
and if the result was YES, operation proceeds to step
(31), at which the setting value P of counter I is
decremented by 1, and then to step (32), at which a
judgment is made as to whether the setting value P of

30 said counter is P, and if the result is YES, operation

' proceeds to step (28), at which the charging operation is
stopped. When the result was NO at step (32), return is
made to step (7), after which the above operations are
repeated. -

35 ) Thus, in the present 1nventlon, as shown in FIG. 2.
through FIG. 4, for a secondary battery of any
configuration, if the charge level reaches 100% or the
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by excessive current in the case in which the battery had some remaini ng
capacity. (3) Charging with a relatively large current (for exanple a
current of 1/W0t98/09471 of the battery capacity). and stopping PCIVIPe4/00651
charglng when the vol tage val ue of "the batten%ﬁbelng charged falls below a
gi ven val ue (generally approxi mately per cell). The tine
for conpletion of the charging is approximately 1 hour, and this is what is

known as rel atlvek&giaat of 10@'%36914 @&ceeds 100%,! '%Hemm%a('élﬁréﬂ Reb ¥ Hata

whil e the chargln rel ativel ort t her e |s a reat danger: of
excessive current? CHEQH% BrPXFQ@SA§é§ eeh to start to fall

Addltlonally In bglgeﬂaghodnchhng@dlnp035|ble to detect the conpl eti on of

charging in batteries having characte tt.cs such as re descrlbed
in F?G.g2 and FI G 3 Therelore, an t&e presen 1nveﬂ#ion, BMB

5 secondary battery, to detect the condition in whlch the
charge level has_reached,IOO% or the 100% region, a
judgment is made as to whether the overall change in the
amount of chénge, that is, the difference amount AHv is
zero or negative, and further a determination of whether

10 the difference value AHv has been zero or negative for P
times in a row, and if so, the judgment is made that said
secondary battery has reached the charge level of 100% or
the region of charge level 100%, and the charging
operation is then stopped.

15 In the present invention, the setting value P of
said counter I can be established arbitrarily as desired,
for example it can be set to a P value of 3.

Therefore, in this case, although if said difference
amount AHv is zero or negative for 3 times in a row, the

20 - judgment is made that the charge level of said secondary
battery has reached 100% or has reached the 100% regién,
and the charging operation will be stopped, if in any 3
consecutive measurements the difference value AHv is
‘positive even one time, the setting value of said counter

25 - 1 is reset to the original setting value P and the
above-stated judgment is repeated. _

On the other hand, at step (30), if the result was
NO, in step (33) the setting value of counter I is reset
to P, and operation returns to step (4), and thereafter

30 each of the above-stated steps is repeated. .

While in the above-described specific example of the
present invention, said count I is set to an initial
value of P, and counts down segquentially, in accordance
with the result of measurements, so that when the setting

35 value P is 0 the judgment is made that the charge level.
of the secondary battery is 100%, it is also possible to
reverse this, by setting said counter I to an initial
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For thi§ reason, in the present invention, in consideration of the
characteristics of a variety of previous secondary
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value of 0 and having said counter count up sequentially
according to the results of measurementé, and when the
setting value of said counter I reached a preestablished
value of P, to make the judgment that the charge level of
the secondary battery is 100%. |

However, in either of the above-described methods,
during charging, there is a danger that the charging
operation will be stopped if for some reason the
variation in the difference values of said data is zero
or negative three times consecutively, even at a point at
which the charge level is not that high, so that to solve
this problem, in the present invention, since the output
voltage of the various secondary batteries in the region
of 100% is known beforehand, it is desirable to make the
configuration such that the'output voltage of said
secondary battery is constantly measured and the results
monitored, so that the above-described calculation method
is only valid in the case in which said output voltage is
above 70% to B0% of the secondary battery’s nominal
output. '

In the high-speed charging method for secondary
batteries of the present invention, as described above,
it is sufficient to at least measure the terminal voltage
data of said secondary battery, so that the amount of
change in the terminal voltage data are detected, and it
is also possible to measure the surface temperature data
of said secondary battery, so that the change ratio in
the surface temperature is detected.

In addition, in the present invention, it is also
possible to make use of both temperature data and voltage
data to estimate the charge level.

In the present invention, for example, the basic
data reading time tb required for reading data is set to
0.75 second, counter II value L is set to 4, the charge
rate C at which said secondary battery is to be charged .
is set to 4, and constant A is set to 16.

In addition, at step (23) if the number of
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battery types,

characteristics heretofore unknown, which are common to

secondary batteries are enployed in achieving the above-stated object of

t he present
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repetitions M is set to 8, said measurement data amount
of change reading sampling time (ts) will be 12 seconds,
~and the time required for 8 repetitions of the
measurement data amount of change reading sampling time
(ts) will be 96 seconds. . :

In the present invention, therefore, in the actual
example given above, the measurement of either voltage or
temperature will require a considerable amount time, and
in such cases it is also possible, instead of repeating.
the above-stated measurement data amount of change
reading sampling time (ts) M times, to use individual
values of the amount of change ADv and ADt to judge the
charge level.

That is, in the charging method of the present
invention, in the case in which said secondary battery
has a considerable residual capacity, there is a
possibility that 100% charge level will be reached in a
short period of time, and since if the charging is
continued without noticing this, the temperature will
rise, leading to a danger of deterioration of the
secondary battery, to prevent this danger, it is
desirable to provide safety measures in addition to the
basic charging method of the present invention.

Another specific example of the present invention
will be described, with references made to the flowcharts
of FIG. 10 and FIG. 11l.

While the flowcharts of FIG. 10 and FIG. 11 are
basically the same as the flowcharts of FIG. 7 through
FIG. 9 which show a high-speed charging method for
secondary batteries of the present invention, there are
slight differences in the method of calculation and
judging performed at individual steps. _

That is, in the specific example shown in FIG. 7
through FIG. 9, in performing voltage measurements, for
example, said voltage data is totaled within the
measurement data amount of change reading sampling time
(ts), so that in the case of the charge level of said
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Specifically, in the high-speed charging nethod for secondary batteries of

the present invention, a nethod and an apparatus for high-speed charging of
secondary baweps/es71 s provi ded whi ch makes possi bl e the reli aplcgpbigogsing
of charging of any type of secondary battery_at a point in the charge |eve
of 95%to 100% charging at current | evel s 3 ging fromsmall to large (for
exanpl e, equal to or greater than the capacity of the battery), and in

particul ar, high- r.ai for exanpl e charge rat f_2C. Ln_an
extrenely short ﬁee?q%Wﬁ%é@ ra%%cf lri%air?%{ Eﬁe ?‘f‘?%sghg vo(fﬁhgfe
Iﬁl | ows i st a desexhitiidis ;ﬁgn?;:\ﬂm}s pereadll L helramges n‘EnhmdshQZtapzaigdusfof
e present inve : T G%ﬁﬂ% e a
bl ock diagran1ofq%%%ncgﬁ%ﬁéte é%éqgég gggt$éﬁ%g%¢¥%€?§f?%% BE.SE% n? 8"%o
hi ghespeed char gideffFaspauahus famdiddaniargndain cthespresent ppwsakion the

i nvention, ghich dpadigildatidit\is MaEPRAIdH Ushd €] PbBhedbReMleaBatamnBALOf
Sec. Ondary DIt S oY Hbiad SALLES SRR TR T M 1
- detection is performed of how said voltage data is
| varying, so that if said voltage data variation exhibits
a particular condition, as shown in steps (24) through

10 (32) in said FIGs. 8 and 9 after repeating the voltage
measurement data at least 8 times at the measurement data
amount of change reading sampling time (ts), the charging
operation can be stopped before judging the charging
condition.

15 FIG. 10 and FIG. 11 show the flowcharts of the
operations performed in practicing the other specific
example of the present invention, wherein because step
(7) through step (20) are the same as in the flowchart of
FIGs. 7 and 8, these steps are omitted from FIG. 10, with

20 the flowchart beginning with the step corresponding to
step (20) of FIG. 8.

Note that in the following steps 120 and 121, the
same calculation as indicated in step 20 in FIG. 8, are
carried out.

25 Essentially, in FIG. 10 and FIG. 11, based on the
data Dn that is calculated and stored into the 2nd
storage means before step (120), a calculation is
performed to determine the difference ADv (where
ADv=ADvn-ADv-1) between the voltage data Dvn-l1 at the

30 immediately previous amount of change reading sampling
time ts-l and the volﬁage data ADvn at the current amount
of change reading sampling time ts, and in addition in
step 121, a calculation is performed in the same manner
to determine the difference ADt (where ADt=ADtn-ADtn-1)

35 between the temperature data Dtn-1 at the previous amount
of change reading sampliné time ts-1 and the temperature
data Dtn at the current amount of change reading sampling
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battery 2 requiring charging, a switch nmeans 5 provi ded between said
current -supplying neans 3 and termnal 4 of said secondary battery being
charged, a tpipeéedssy € Neasurenent neans 6 which neasures the &Eﬁﬁf&ﬁﬁ&ge
of said cells of said secondary battery 2. .a vol tage nmeasur enent neans

whi ch neasures the termnal voltage of said #dc— ondary battery, a sanpling
means 8 which operates said tenperature-neasurenent neans 6 and/or said
vol t age. measur enent ans 7 to nmeasure the tenperature and/or the voltage
of said cells of'%HWﬁHE%COndary battery 2 with the desired sanpling
interval, a storage dexfter 3thehabbvetisedomeghatfstep (ara)sasphidd by said
sanmpl i ng neans 8. | c hend S5 efnGah cul atl: aRs s an id
stored dat a, stcwqéﬁg%¥égggsu sv%ﬁégésg%%rgygﬁngﬁgr;sﬁegﬁg?ﬂalg tha

char gi ng-cont rol ameunt cofinchange tonseidecvdoltageai datanpisngtoreds into
controls sagd sw a asch i trlalynNg : | sets

t he char gi ng r at eﬁ%{;bl?bfagi @‘Hgt’é ?ggdia%g%?i%% 33233der§§?:%#e]%%%ﬁ&m ch,
based on the charAR4RkR—4DERtl )by which charthfgamauatseft chgngeadn seid

generates the pregdaigeratiere dsts JatscoLadi fto memory IV  (Thyr) -

Next, in said specific example of the present

invention, in particular with regard to voltage data, it
10 is desirable to detect the width of variation occurring

over a short period of time, and for that reason, at step

(124), said difference ADv is judged as being either a

non-zexro positive value or not, and if the result is YES,

operation proceeds to step (126) at which AS is reset to
15 zero.

Essentially, what occurs is that, if the difference
in the amount of change in said voltage data between the
1st measurement data amount of change reading sampling
time (tsl) and the 2nd measurement data amount of change

20 reading sampling time (ts2) is positive, this indicates
that said voltage measurement data is increasing, and in
this case, the judgment is made that the charge level of
the secondary battery has not reached 100%, so that
constant AS which indicates a change in said voltage

- 25 measurement means is reset to zero and operation proceeds

to steb (127). .

On the other hand, a NO result occurs at step (124),
that is, if the voltage data is either decreasing or
constant, operation proceeds instead to step (125), at

30 which the current said difference value ADv is added to
immediately previous value of constant AS and the value
preestablished constant value X is subtracted from this,
the result being taken as the new value of constant AS.

In this example, since the wvalue of ADv is negative,

35 the result is that both the difference ADv and the
preestablished constant 2 are subtracted from the °
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time tb, an adjusted data reading tine setting nmeans 12 which, sets the
adj usted data reading tine ta, the value of which is characteristic to said

char gi ng rat eygesggyzpnount of data change readi ng sanpling ti '
means 13 which multiplies the adjusted data reading tine ta g?";%’w"ms‘

preestablished value L to set the tenperatuwetdata anmount of change readi ng
sanpling tine ts, an overall sanpling time setting neans 14 which

mul tiplies said apount,K of data change reading sanpling tinme ts by a
preest abl i shed valieediately: previove r ¥plueanf FAgstans AS.a 1st nenory

m;ans 13 \é\,hi ch stg_res Ix!ilead@iﬂﬁénpfghénaﬁbﬁéUE;EaﬂéH?gé\%\xEt%%sw 86 %aﬁh 3ai d
adjusted data reading time ta,, a 2n nory. . Means ich stores the data
Dtnh which is tkma?ﬂP#k&?%ncg?sFﬂﬁgLvﬁggﬁe§xsp FgﬁﬁerHP&Pe &tSn B& or ed

in said 1st menorchargesidSthe &ifferency vazne ADvyhithmakesmithappaiar @
(1) measureq IR ShaEECEs SREAGE RRANLR BEFLRR, L FOT. BralR s o
and data Dtn neasured Ehexefoxe; rimtthisuspeoifihangempdadi whenarghlei ng tine
ts + 1, this difSBKse V@HE P61 80 45HLAR vAYHE Cand said peak value is
being maintained, said constant AS is actually subtracted
from.
10 Next, at step (127), a judgment is made as to
whether said constant AS is equal to or less than a
- preestablished value of w, and if the result is YES,

since it is possible to assume that the charge level of
the secondary battery.is at 100% or in the region of

15 100%, operation proceeds to step (135), at which the

' charéing operxation is stopped.

That is, in this specific example, said value w is
set to, for example, 6, and if said constant 2 is 2 and
said difference value ADv is zero 3 times consecutively,

20 that is, if there is no change, the following sequence
will occur. ' '

After 1 ts: AS=AS-ADv-2=0-0-2=-2

After 2 ts: AS=AS-ADvV-%=-2-0-2=-4

After 3 ts: AS=AS-ADv-Z%=-4-0-2=-6 .

25 Thus, the charging operation will be stopped at the
point at which the third repetition of the measurement
‘data amount of change reading sampling time (ts) is made.

By way of providing an explanation with more

specific data if, for example; the case in which the

30 basic data reading time tb required for reading data is
set as 0.75 second, the value L of counter'II is set as
4, the charging rate C at which the secondary battery is
to be charged is set to 4, and said constant A is set to
16. . '

35 In addition, in the case in which the number of
repetitions M of the measurement at the measurement data
amount of change reading sampling time (ts) is set to 8,

This Sheet Has Been Rep a

i




[err]Dt=Dtn-Dt(n-1)), a 4th nenory neans 18 which stores the anmount of
tenperafure data change [err] TDt obtai ned by taking the summati on of each

of the M anqyplogpsht enperature data obtained at each ampunt anﬁﬁﬁﬂﬂﬁs
reading sanpling tinme (ts) in the overall anmount of change readi ng sawd i ng

time t (where t=tsxM obtained by repeating %aid anount of change readi ng
sanpling tine (ts) Mthe required nunber of Mtines, a 5th nenory neans

19(A) which, with regarqd to the tenperature datg anoynt,of change [err,] TDt

Stored in ai o 4ERAnEAL, CRRERENGY CPoPtE tHo-BnaRGl FhG: GOPBLATY 2 s

ialculateﬁlbetmesetthe 2poift thé éeeppaeennr eedhazgihgngé henickiglr caidntim

st overa ano hapg ad] S | LAg..bi n_an . t of

t enperature datggéﬁg%ﬁg ?grgfﬁgxgﬁggf gﬁgthéﬂg%EQESéfg?|gg%D %@Eg#%bhange

readi ng sanpl i nghypathestzedyhthé meaSuvremenbydshaf empyntheft change one

amount of ghange el | 004 k4 ) aj q i |

[err] Ht (WEZre [gégfgpg[2?@??%#?n§%t§?é?%?TEf% ?ggggggﬂauﬁgneﬁphﬁggﬁg 22

whi ch conpares supltegapehararterhaRyesy HPRAd| Pr]ph7§ﬁ#§ drd=dored in

said 5th menory sgessds?(Amdbehaepattary¢ *opyaGge, OADYoMRAHARE! ewithange with
respect to each measurement data amount of change reading
sampling time (ts) would be as follows.

10 ts Battery voltage ADv AS
' 1ts 632 632 0
1 2ts 631 -1 -3
3TS 629 : -2 _ -7
From the above results, the charging operation with
15 respect to the secondary battery would be stopped at the

measurement at the third measurement data amount of
change reading sampling time (ts), the time required for
this to occur being merely 48 milliseconds.
At step (128) in the flowchart of FIG. 10, from the
- 20 amount of change data for voltage of each of the data
stored in said memory IV (Vypy) after the M repetitions
of the operations of step (22) through step (23) of FIG.
8, a calculation performed to determine the difference
value AHv between the current amount measurement data
e 25 change, that is, the total amount of change, ATDvn, based
on the M measurement data at said measurement value ‘
amount of change reading sampling time (tsl) to (tsM) and
the total value of the immediately previous amount of
measurement data change, that is, the overall amount of
30 change based on the M measurement data at said
measurement data amount of change reading sampling time
(ts0) to (tsM-1), and at step (129) a judgment is made as
to whether AHv is positive or negative or zero, and if it
is positive, operation proceeds to step (131), at which
35 the value N of an appropriate counter is reset to zero,
after which operation proceeds to step (132)
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a preestablished reference value K, and if said change ratio [err]Hm
bet ween” sai d anpbunts of tenperature change exceeds said reference value K

outputs a swangdioowni ch stops said charging, a 6th menmory neangciPédioss:
which, with regard to the terminal voltage data anount of change [err] TDv

stored in said 4th nenory neans, stores t me4di ¥ erence cal cul ated bet ween
t he anobunt of tenperature data change [err] TDvn at the 1st overaII anount .

of change readi ng sa I t tn. t d

change [err] TDv(n+1) rijt P rl%'n%fn‘g\ﬁe%}'a I&a#r%%ﬁ‘?ﬂog ?n%r gg att%e
time tn+l, wh!cWaLné(nﬁnahiQ/cﬂuﬁtermpsrnptlnhangedneaadnuﬁtsaidchange
o] ook (m - S §iEgcs waiid %” £ HEGCAAD pftratyh BRBEReds to o
the mval ues of St&R %Data@tarvﬂwq Hie cralee n|$fe$Me§°P§F9fm§ to
[err] Hvm s§or ed jGRitdnuttied Yoy M S afedd WHEERT & %&%ﬁoﬂgéﬁbceéakeﬁoastep

judgnment as to whefher the val ues are positive (zero or Targer) or negative
(less than zero)\, whi ch perfornms said judgnent processing in the
sequence of occurrencthefeffaiat Wi ttdgies dis atlkavubh thishspgeiditf exampde,

a judgment is made of what condition, if any, said
difference value AHv is maintaining continuously, and in
10 the same manner as in the previously described specific
example, in the case in which the value of said
. ‘ difference AHv is negative N times consecutively, said
secondary battery is judged to have reached a charge
level of 100% or the region of 100% charge level, and
15 said charging operation is'stopped.

The value N of said counter can be set appropriately
as desired, and in an actual example, can be set to, for
example N=3. '

In the present invention, because, as shown in step

20 (124) through step (127), if ADv is zero, it is assumed

| that the negative condition exists, even at said step
(129), even if said voltage measurement data is |
maintaining a peak value, the condition in which the
difference value AHv is zero will not occur, so that this

25 will be counted as a negative value.

Then, operation proceeds to step (132), at which a
judgment is made as to whether the value of N of said
counter is 3, and if the result was YES, the charging
operation with respect to said secondary battery is

30 stopped, but if the results was NO, operation proceeds to
step (133), at which, after said difference value ADt
(ADt=Dtn-Dt(n-1)), which is the temperature data amount
of change stored into memory IV (Tpye) at step (123) is
used and M repetitions are made, a determination is made

35 of the current amount of measurement data change, that -
is, the overall amount of change, the total value ATDtn,
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[err]Hvl to AHVvm and if said voltage data amount of change difference
[err]Hv is a negative value a preestablished nunber of tines S or nore

conti_nuousl y,wouwsgedr1s si gnal which stops said chargi ng operat %ngﬂﬂmﬁ,
processi ng neans 20 which processes each of the individual data stored by

each of said nmeans, and a central processimg4deans 25 which controis the
operation of each said neans. In the present invention, one and the

Form ng i gh- opedh SHaRl gt MRATEEIT e HAEb L Fhe EPEetERRanT  data

batteries, a niclaiountdrafjerhdrge areabingrsamplihgutime (tsl) to (tsM),
‘and a determination is made of the immediately previous
total amount of change, which is the overall amount of

5 change ATDt(n-1), which is based on the M measurement

data at said measurement value amount of change reading
sampling time (ts0) to (tsM-1), and a judgment is made as
to whether or not both these values are a preestablished
value a.

10 In these dperations, in performing the charging of
said secondary battery, because if some sort of error or
misoperation causes a sudden rise in temperature in spite
of the fact that the charge level has not even reached
the 100% region, an ertoneops stoppage of said charging

15 | operation would occur, to avoid this condition, since the
temperature rise of said secondary battery during
charging is known beforehand, data related to the normal
amount of temperature change occurring when the charge
level reaches the 100% region is set as the required

20 data, for example by setting an appropriate value of o is
set into an appropriate memory, in which case a return
would be made to step (7) of FIG. 7, whereupon the
above-described steps would be repeated.

In said step (133), in the case in which both the

25 above-noted amounts of total temperature change are equal
to or greater than the preestablished value «, operation
proceeds to step (134), at which a judgment is made as to
whether the rate of change AHt between the current amount
of measurement data change, that is, the overall amquht

30 of change ATDn, which is based on the M measurement data
at said measurement data amount of change reading
sampling time (tsl) to (tsM), and the immediately
previous amount of measurement data change, that is, the
overall amount of change ATDtn-1, which is based on the M

35 measurement data at said measurement data amount of
change reading sampling time (ts0) to (tsM-1), is or is
not greater than a preestablished value, for example K,
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and if the result of this judgment is YES, the charging
operation is stopped.

If, however, the result was NO, return is made to
step (5) of FIG. 7, whereupon the above-described steps
would be repeated.

wWhat follows is an explanation of the results of
using the secondary battery charging method of the
present invention to charge secondary batteries of
differing constituent elements and under different
charging conditions, with reference made to Table I
through Table V and FIG. 12 through FIG. 20.

Table I shows the case of using the secondary
battery charging method of the present invention suitable
for nickel-cadmium batteries having a charging rate of
0.25C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
counter II value L=4;
charging rate C=0.25;

Setting constant A=16; and

Number of repetitions of the measurement operation to be
performed at each measurement data amount of change
reading sampling time (ts) M=8 were made for the
execution of the charging operation. '

In this specific example, the amount of change
reading sampling time, ts, would be
ts=(0.75x16/0.25)x4=192 seconds. _

Table I shows the voltage measurement data at each'
measurement data amount of change reading sampling time
(ts), the total amount of voltage change ATDv at stép
(122) of FIG. 10, and the counter value N at step (130)
and step (131) of FIG. 10.

Essentially in Table I the battery voltage data is
the raw data obtained at each said measurement data
amount of change reading sampling time (ts), and the
overall total amount of change ATDv indicates the
difference value between the total of the shift values
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One . of Ehe chracteristics of the present invention is that for the purpose
of perform ng precies. high-speed charg- ing of any secondary battery, a
conpr ehensi Vaygly +pf the characteristics said secondary bat h?ﬁmﬂ@ﬁ
made, and the configuration was nmade so as to enable accurate and quic

det ection of changes in characteistics val ues46f-sai d secondary batteri es,
enabling not only reliable detection of the point at which said secondary °

bateries reach a conditjon in i.ch th ar.e | ose as can be to, the
100% charge | eveSUieE QY& &%"‘Wg a?l q3h cﬁr@%d“epﬁ%%ﬂe’yf ‘%Wé?‘
F0|nt,fand to enahhmumhiffperhmgaunaadﬂﬂgaqnmp&ingitﬁm&ﬁitﬁslb ton(ty8) ed
o perform neasur n v fs '
secondary batteri %gﬁagtogﬁle%tfte%gn% %Ehsl%(}??;yllﬁ{eeér val ﬁLeg‘%elgﬁ ?%ﬁg?ét £elseeach
measur ement s bei ngfutde measuiremente|datdetamaunte athchange)irepdingi sanpl brg

sai d seconda,_gy batlglise £52) égb_r(etsyj)eci fically, in the charging operation

performed by the present' in‘vention, ‘in order to make a judgnment of whet her

not the charge |evel oftheoemat madurndbe ddyiascardanse Widhkeve-stated
regardl ess of whi ghelyRa299f LA step (131) in FIG. 10, is added to or

subtracted from, depending upon whether said difference
value AHv is positive, negative, or zero.
10 That is, during the period from tsl to ts8, since
there is no previous data, the output of said difference
AHv is zero, so that the count value N remains zero, but
at ts9, said total amount of change ATDv becomes 32, so
that the AHv value of -521 is negative, resulting in said
15 count value N being incremented by 1.
Next, at tsl0, in the same manner, since said total
amount of change ATDv becomes 24, said difference amount
AHv takes the negative value of -8, so that said count
value N is incremented by 1, making said count value 2.
20 In the same manner, because up to tsl5 said
difference value AHv is continuously negative, sound
count value N is incremented by 1 each time, so that the
count value is 7 at tsl5.
However, in this specific example, in general, said
25 count value is set to 3, so that the charging operation
is stopped when said count value exceeds 3, so that
although in this specific example the charging operation
is stopped at tsll, since the battery voltage of said
secondary battery which has reached 100% charge level is
30 known beforehand, it is possible to perform processing so
that, as long as that voltage is not exceeded, the data
value of said counter is not wvalid.
For this reason, in this specific example, if the
battery voltage of said secondary battery is set to, for
35 example, to 580 V, and if the above-stated count value N
is made invalid when the battery voltage exceeds said 580
VvV, there will be no problem of the charging operation
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batt.ery is being charged, as shown in FIG 2 through FIG 4, it is
appropriate to detect the point of the accurrence of a peak value in the
vol tage dat a,w@losne4?the tenperature data to detect the point g whisehsdhe
tenperature rises at a sudden high rate. For exanpl e in measuring

vol tage data, as shown in FIG 5 (A), w th.pgevious nethods to nake the
anmount of data change [err]s large, it in neceasary to nmake the sanpling
interval p a sonmewhat |ong interval. However, in charging, if the
sanpl i ng i nt ervalsteppinoak tslbhomn in FIGS5(A), there I's the probl em of

| osing the apportunit t

It inpossible to deteghﬂﬁi proper tﬁﬁéfq %ﬁﬁé &Q?fgggﬁthOg;ugapﬁgg
hand i f the sanplbeafpPmes erhalthe icoungrre whine l%hee%ettfnﬁmréaupng t he
amount of data Chan%é Yanles ﬁﬁ‘ﬁé’r&s :}’a{i&*ﬂ lgafé?gatédl ”BH&ShIE' esb9

i mpl enment ap econoni ¢ system |s reason, in resent
i nventi on, ?he bR§%a é"l’r"ez}%ﬁ?i‘beﬂ r?ﬁ’]tilﬁg%q’tﬁ &0 % ?E‘adsﬂaflacf"sm}:@?f an
adj ust ed value is 3, said charging operation is stopped.

FIG. 12 shows a graph of the measurement data of

Table I, with ts plotted along the horizontal axis, and
"in FIG. 13, plotted from the raw data of FIG. 12, the

10 solid line shows the plot of said total amount of change
ATDv for each ts, and the dotted line shows said counter
value N plotted for each ts. '

Table II shows the case of using the secondary
battery charging method of the present invention suitable

15 for nickel-cadmium batteries having a charging rate of
3C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
counter II value L=4;

20 charging rate C=3;

Setting constant A=16;

Number of repetitions of the measurement operation to be
performed at each measurement data amount of change
reading sampling time (ts) M=8; and

25 constant K=2 were made for the execution of the charging
operation.. _

In this specific example, the amount of change
reading sampling time, ts, would be ts=(0.75x16/3)x4=16
seconds. .

30 Table II shows the battery temperature measurement
data at each measurement data amount of change reading
sampling time (ts), the total amount of temperature
change ATDt at step (123) of FIG. 10, and the change
ratio AHt of the amount of temperature change at step

35 (134) of FIG. 10.

Essentially in Table II the temperature data is the
raw data obtained at each said measurement data amount of
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dat a regding time, ta,which is characteristic to the charging rate Cis set
based.on that tine and charging rate, the termnal voltage of said battery

and/ or surf rature of said battery is neasured one ti h w.t hin
said’ajutstegaééﬁgaﬁeading time ts, these operations being reggaﬁgﬁﬂg&%i
preastablished nunmber of tine L the vol tagggdata and/or tenperature data
~from which operations are sunmed separately, the summed data beng taken as

the variable Dn with respect to amount of data change readi ng sanpling tine
ts (where ts=L[ echhngp, Rehdingosamplingpltioe RitE) S(tBe overadl taotajlk of

these oper ation, ahBEnEPBR" EBpACALLICY chlfig@aTed Al daien and! or

tenperature data IS thus nuti menory neans 17 which, from

the data Dtn stofld§fpmengedvasuenbesreencihe totale O fdeyishyidite Hl YRS ween
dara Dt(n-1) neggmmned a8velN® RiAVSOHE BERNNLOfthE MedsurRMEnty dea®! i ng

e ot SRSl LRt BT o U5 S50

(wher e[ err] D=Dt naRntdxhl of the shift values summed over 8 times at each
of the measurement data amount of phange-reading sampling
times (ts2) to (ts9), and AHt indicates the rate of
change between adjacent values of ATDt, that is

10  AHt=ATDtn/ATDtn-1. '

In accordance with the operation of above-stated
step (34) of FIG. 10, the change ratio of temperature’
-change AHt is compared with above-described
preestablished constant value K=2, and if AHt is equal to

15 or greater than 2 (i.e., AHt2K), because it can be
predicted that the charge level has reached 100% or the
100% region, said charging operation is stoppeéd.

In the data of Table II, if the denominator of the
expression for AHt=ATDtn/ATDtn-l is zero, an error is

20 indicated. |

In this specific example, at ts57, the data for said
rate of change of temperature change AHt=ATDtn/ATDtn-1
exceeds the constant K=2, so that at this point said
charging operation is stopped.

25 Fig. 14 is a graph of with regard to battery
temperature measurement data shown in Table II, with ts
plotted along the horizontal axis.

Table III shows the case of using the secondary
battery charging method of the present invention suitable

30 for nickel-cadmium batteries having a charging rate of
3C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
counter II value L=4;

35 charging rate C=3;

Setting constant A=16; and
the number of repetitions of the measurement operation to
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Next., in the present invention, the difference between the variable Dn at
sai d anbunt of data change reading sanpling tinme ts (where ts=L[err]ta) and
t he vari abl e wbns/dg47at sai d previ ous anmount of date change readiciupsaodssi N9
tinme’ts is deternmined as [err]D (where [err]D=Dtn-D(n-1)), the results

bei ng sequentially stored in 3rd menory neanstdl 7 Subsequently, these
operations are repeated a preastablished nunber of tines M the total

as shown in FIG_5 (B), being taken as the anount of voltage data_and/or
tenperat ure data RPPRELPERE] T8 f BRCh HBSBFBFBIENEAAa tAnBIANNG Ofh Shange

readi ng sanpling féding (ydwpEiggrtime (tsifuep ivBak madehdew itheFl G 5 (B)
the overall said _amuni of charge ., reading _sanpling tine t and said data
anount of changee?%ﬁﬁﬁ?if%a%%l?%% ?Pﬁﬁg+§ga986g§%ﬁ°ghifted by one at a
tinme, as the anmount ofIn etpbs aspeeifibcaezanpde,vtheagmouataofhahgadeerr] TDL
Lort] it dePern naroins ‘GuiELAy v Bho FTELICWDERY' PR ML TBeTaNH®
the time of measu¥eFRPdHe voltage data and/or tenperature data
Table III shows the battery voltage data at each
measurement data amount of change reading sampling time
(ts), the total amount of voltage change ATDv at step
10 (122) of FIG. 10, and the counter value N at step (130)
and step (131) of FIG. 10.
' Essentially, the battery voltage data and other data
of Table III, are the same type of data as in above Table
I, and therefore no particular separate explanation will
15 be provided, although it can be said that this indicates
that the same type of operations as in the case of Table
I enable charging in a short period of time with a large
current, and in particular that, at 3C, at the point of
‘ts6l, because charging is completed, the charge is seen
20 - to have been completed at a time approximately 16 minutes
from the start of charging operation.
FIG. 15 and FIG. 16 are graphs that correspond to
above-discussed FIG. 12 and FIG. 13.
Table IV shows the case of using the secondary
25 battery charging method of the present invention suitable
for nickel-hydrogen batteries having a charging rate of
0.25C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
30 . counter II value L=4;
charging rate C=0.25;
Setting constant A=16; and
the number of repetitions of the measurement operation to
be performed at each measurement data amount of change
35 reading sampling time (ts) M=8 were made for the
execution of the charging operation.
In this specific example, the amount of change
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amount of change [err]TD is expressed as t=MLxt bxA/ C. Therefore, in
the present invention, by properly selecting the values of the above-stated

constants M 3pgokmoghri IS possible, with a | ow cost readi ng appcaiipe4/dects
only to read neasurenent data with high accuracy, but al so-because the

range obtained by shifting said overall ameuh® ef change reading sanpling
time (ts) is shifted one at a tine is set, so that said voltage data and/ or

temmrﬂuredﬂa.mmum of E eH]TDlso |naim an interal which
is said anount offe@HMGe Hﬁ% is possible to
obfaln tre :argetsaqwumsxﬁfﬁﬂi Qkﬂﬁﬂ dﬁﬂdﬂdﬂ]VWHCh is sanpled at the
relatively long inter e.over all t_of | Ilng
time t, within the reI Ié;](ﬁ]} WS %ﬁ%#t‘ﬁ%{%&ﬁ#j %gté ange
sanpling tine (tm)e,asn:dramaqmsisaﬂd anomndetef hengs xeahing sampling tn.me
perval hetneT (@sahowns’ ¥l WM e WAL Ikdhde WP &€ S0 |

preci se chafgi ng opéﬂatlon t1on e present 1nven

the purpose of pda2&)imofy FfiGgh-ldhe @nd: Hheyiarpntax ‘Mﬂ-%r&%r%ﬁ'—?@n(b@)
and step (131) of FIG. 10.

Essentially, the battery voltage data and other data

of Table IV, are the same type of data as in above Table
10 I, and therefore no particular separate explanation will

be provided, although it can be said that this indicates

that the same type of operations as in the case of Table

I enable complete charging of a new type of secondary

battery, the nickel-hydrogen battery, at ts79, which is
15 in a period of time of 252 minutes.

FIG. 17 and FIG. 18 are the graphs that correspond
to above-discussed FIG. 12 and FIG. 13.

Table V shows the case of using the secondary
battery charging method of the present invention suitable

20 for nickel-hydrogen batteries having a charging rate of
' 1C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
counter II value L=4;
25° charging rate C=1;
Setting constant A=16; and
the number of repetitions of the measurement operation to
be performed at each measurement data amount of change
reading sampling time (ts) M=8 were made foxr the
30 execution of the charging operation.

In this specific example, the amount of change
reading sampling time, ts, would be ts=(0.75x16/1)x4=48
seconds.

Table V shows the battery voltage data at each

35 measurement data amount of change reading sampling time -
(ts), the total amount of voltage change ATDv at step
(122) of FIG. 10, and the counter value N at step (130)
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the fact that said secondary batteries of differing types are used, the
nmesur enent conditions are changed, the con- figuration is made such that

according to vy ed of charging, or what is normally calle¥§?
chaging rate, ?gﬁ?%g? hi gh or | ow chargi ng speeds can be enpl oye KP% o%?éln

t he opti mum chargi ng operati on. The appar 8us f or hi gh- speed char gi ng
of secondary batteries 1 of the present invention, is provided with a
switch nmeans 5 which is connected between the termnal 4 of the secondary

battery being chamged shep tHS3XuroeIGup?yi ng neans 3 for the purpose of

suppl yi ng char gi ng CUfrﬁﬁeﬁﬂﬂﬁﬁc%rﬂa@@éffWofté&&udétagaﬁaabﬁhaﬁ data .
said switch neans 5 bei ng conr ol 1°ed by said chargln control neans 9, so

that the current Pfoffaddie) ourdksithe iame tyre L dakaas,ip above

Table I, and therefore no particular separate explanation
5 will be provided, although it can be said that this

indicates that the same type of operations as in the case
of Table I enable complete charging of a new type of
secondary battery, the nickel-hydrogen battery, at ts78,
which is in a period of time of 62 minutes, 24 seconds.

10 FIG. 19 and FIG. 20 are the graphs that correspond
to above-discussed FIG. 12 and FIG. 13.

Because the high-speed charging method for secondary
batteries of the present invention makes use of the
above-described technical conflguratlon, even for

15 secondary batteries of differing types, in consideration

" of the mutually differing charging characteristics

exhibited by the secondary batteries, such as terminal
voltage or temperature, it is possible to determine the
common characteristics of secondary batteries having

20 differing constituent elements, to accurate determine
point at which the charge level reaches nearly 100%,
enabling not only one and the same apparatus to be used

" to reliably charge secondary batteries of differing

construction, but also enabling the accurate

25 determination of the charge level during the charging
process, the quick determination of the point at which
the charge level reaches a level of nearly 100%, and the
stopping of the charging process at that point, the
result being not only a reliable avoidance of the problem

30 encountered when the charging is continued even after the
charge level has exceeded 100%, thereby causing the
temperature of the secondary'battery to rise above its
rated maximum temperature, leading to damage to said
secondary battery, but also a determination of the

35 characteristics of said secondary battery with respect to
the speed of charge, or charge rate, thereby enabling
charging of secondary batteries which are of the same
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constituent elements at different charge rates, further
enabling in particular the precise high-speed charging of
secondary batteries. '

That is, in the present invention, in addition to
being able to charge secondary batteries having
individually differing constructions, there being
secondary batteries of the same type but having differing
charging rates, it is possible to also, in accordance
with the charging rate that is indicated as a
specification, by executing sampling of the ideal
measurement values, to collect precise data, enabling
accurate and high-speed charging.

S —
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of f controll ed. In performng charging of said secondary battery 2
said switch neans 5 is turned on, so that current flows from said

current - supplyighgespans 3 to said secondary battery 2 of said

battery, and when the charge | evel of said secondary battery reaches ’%663/0
or when, as described latert a condition i & && ected which indicates said
secondary battery is approaching the 100% charge |l evel, said swich neans 5
is switched off, and the current from sald current - suppl ying nmeans 3 to
said secondary battery 2 is cut off. TablepIine(p)esent invention, as
described later, when suri volta nd/ or nper re at each sanpllng
time. it is desirable t&°make S¥ehs &ﬂﬁﬁ (/é h sa?ﬁggﬁargl ng clrrent
cut off, and in this casg, when rr_easurgfg t he above-

524 0

2 532 232 o
3 539 539 0
4 542 542 ;
5 547 547 0
6 549 549 0
’ 7 552 559 0
8 553 553 0
9 556 32 1
10 556 24 3
11 558 19 3
12 | 559 17 :
14 560 11 3
15 560 8 ;
16 562 9 o
17 : 563 7 1
18 ' 564 8 0
19 564 6 1
. 20 564 5 3
21 564 . 2
22 564 4 3
23 566 6 S
24 568 6 0
25 568 5 1
26 568 2 5
27 568 4 :
28 568 4 :
29 568 4 .
30 568 4 5
31 568 2 2
- 32 568 0 :
33 569 1 5
34 . 571 3 :
35 571 3 0
36 571 3 S
37, 571 3 0
38 572 p 0
39 572 4 0
40 572 4 0
41 572 3 ]
42 572 1 3
43 572 1 2
44 572 1- 2
45 572 1 2
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stated data, intermttent drive is used, so that said swtch means 5 is
cuts off in synchronization with the sanpling signal of said sanpling
tinmes. | ‘wedsis47on, fromthe neasurenment results of each ofpcsmil,? BRER
when a neasured data is detected which is outside the range of noma Ty
al l owed values, it is also possible to turn-s&4d-=swi tch neans 5 off that
the charging operation is stopped. The reason for this is that, in the
present invention, in nmeasuring the abo%ﬁ-gtatfd VP#$age and/ or tenperture,
if a neasurenent is nade with the chargi iP Urt ent ow ng fromsaid
current-supplying nmeans 3 to said secondary battery 2 because there wl|
not be a uniformreacti obSaccuBattpny Moltadge GB)ter yATDvR vol t ageNval ue

will include an- error, naking the acquisition of accurate neasurenent data

i nmpossi bl e. As desor#bed above, wh&V¥2a neasurenent, i0s perfornedl while

charging current is flowtdg. it is inp&Jdible to avoid 2 0
48 576 4 0
49 576 4 0
50 576 4 0
51 577 5 0
52 576 4 1
53 576 4 1
54 577 5 0
55 576 2 1
56 576 0 2
57 576 0 2
58 577 1 0
59 577 0 1
60 576 0 1
61 579 3 0
62 580 3 0
63 580 4 0
64 580 4 0
65 580 4 0
66 580 3 1
67 581 4 0
68 584 8 0
69 584 5 1
70 586 6 0
71 588 8 0
72 590 10 0
73 592 12 0
74 594 14 0
75 596 15 0
76 . 596 12 1
77 599 15 0
78 600 14 1
79 ‘ : 600 12 2
80 600 10 3
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cont.act resistance between said seconday battery and the charging

apparatus, so that for exanple, a voltage drop will develop across the
contacy resi sy@o§ge49iie to the charging current, this al so nmeki Rgriposnossi
difficult to obtain accurate neasurenent data. Next, in the present

i nvention, a microconputer is used to neastur® aIarge anDunt of term na
vol tage and battery surface tenperature voltage for the secondary battery
in an extrenely short period of tinme, and to analyze the results of these
measur enent, making j udgnent as to whet¥aRlerIhor €h: secondary battery has
reached a charge | evel of 100% or the region near 100%as it tracks the
M nutes varistionstsf BSLELELPr Yempératiiréh@Pagt eATDHC VAIDIESR/ATDtn-1(K=2)
Furthernore, in the present invention, the configuration is such that even
if the charging ratg C which |szsrﬂtng|ng condi 290154 i s vari e@rxor i S
possible to conplet2 precise ch®%i3®% in a short 29@d2d of tined.93  For
this reason, in thedapparatus f@8d65h-speed cha2®. &P of second&rgS
batteries [err] of éhe presentrZﬁMﬁﬁron there 28.65

28.65 1.00

6 28 65 28.65 1.00
7 28.65 28.65 1.00
8 - 28.65 28.65 1.00
9 27.99 -1.55 -0.05
10 27.76 -1.55 1.00
11 27.76 -0.89 0.57
12 27.76 -0.89 1.00
- 13 27.76 -0.89 1.00
14 27.76 -0.89 1.00
15 27.76 -0.89 1.00
16 27.76 -0.89 1.00
17 - 27.76 ) -0.22 0.25
18 27.76 0.00 0.00
19 27.76 0.00 Erxror
20 27.76 0.00 Exrrox
21 27.76 0.00 . Errox
22 27.76 0.00 Error
23 27.76 0.00 Error
24 27.76 - 0.00. Exror
25 27.10 -0.67 Errox
26 26.88 -0.89 1.33
27 26.88 -0.89 1.00
28 26.88 -0.89 1.00
29 _ 26.88 -0.89 1.00
30 26.88 -0.89 1..00
31 26.88 -0.89 1.00
~ : 32 26.88 -0.89 1.00
33 26.88 _ -0.22 0.25
34 26.88 0.00 0.00
35 26.88 - 0.00 Exrox
36 26.88 0.00 Exrrox
37 26.88 0.00 Error
38 26.88 0.00 Exrrox
39 26.88 0.00 Exrror
40 ' 26.88 0.00 Exrror
41 26.88 0.00 Exrroxr
42 26.88 0.00 Error
43 26.88 0.00 . Exroxr
44 26.88 0.00 Exror
45 26.88 0.00 Errorxr
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is provided a charging rate setting neans 10.for the purpose of adjusting
the speed of charging,that is thr charging rate C. to the characteristics
char gi ng rata, ; J’Eﬁ secondary battery to be charged. By vpetm®anbesihe
above, it is 6g§%| e to set the sanpling period for measurenent during
charging operation to a value at is optim zed&ith respect to the charging
rate C for said secondary battery. In the apparatus for high-speed
chargi ng of secondary batteries 1 of the.pre t i tion,there is provided
as part of the circuit configuration a 'ecsjg‘gt"a (ggdi ng timng gerator
means 11 which sets the basic data reading tine tb. the basic data readin
tinme th generated gy sgagtaﬁyiweﬂpéﬁatﬁndig°CDnim@Dg@neratAED#EAAQDEP'Qeing
~adjusted by corrected data a reading tine setting neans 12, "based on the
charging rate C sefjgby said chag,.8$ rate settingdn@@ns 10. soEXmer the

adj usted data readgng tine is clzg.@Beristic to t@ed0charge ral&rer of said
secondary battery. 48 In this @688 the adj usted0d®®a readi ngBEERE t a,
which is set in acgerdance w th 26i88 chargi ng ratg-ggand basi c Exxor

50 26.88 BError
51 26.88 ' 0.00 Erxror
52 26.88 0.00 BError
53 26.88 0.00 Exrox
54 26.88 0.00 Error
55 : 26.88 0.0g grror
27.10 0.2 rroxr

gg 27.54 0.67 3.002K
58 27.76 0.89 1.33
) 59 27.99 1.11 ~1.25
60 28.21 1.33 1.20
61 28.43 1.55 1.17
62 28.87 < 2.00 1.29
63 31.09 4,22 2.11
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data reading tine tb, can also be expressed as [err] AC (where Ais a
constant) . The above constant A can be set as appropriate, for

exampl e, a poswoI9ssm947mt eger such as 16. In the present invenséeAiposoosst
during the charging of the battery, the battery termnal voltage or
battery tenperature is neasured by neans of -s&7d -sanpling neans 8 at | east
one tine during said adjusted reacting time ta, the voltage data or
tenperature data d at that point being separately stored in an appropriate
1st menory neans 15, said measurenent ofRR¥®iBRE belhy repeated continously
a prestablished nunber of tinmes L. with the plurality of voltage data
obtained at each of the ¢8rret @htteagt vHItahs (W) bei ngrpyAmed the pal ue Dn
of the summed voltage data or tenperature data at the anmount of change
sanpling time is (where[edr]), for exarf% Dvn and Din B2Bng storedgin an

appropriate 2nd nenory nedns 16. M2 . in the prespaR invation0the
di fference between the amdunt of chang&4Jl at the 1st s54Pling tined(tsl).

550 550 0
5 552 552 0
6 556 556 0
7 , 556 556 0
8 560 560 0
9 560 31 1
10 562 20 2
11 564 17 3
12 564 14 4
- 13 566 14 4
14 568 12 5
15 568 12 5
16 568 8 6
17 572 12 0
18 572 ' 10 1
13 572 8 2
20 572 8 2
21 575 9 0
22 ' 576 8 1

23 576 8 1
24 576 8 1
25 576 4 2
26 ) 579 7 0
27 580 8 0
28 580 ° 8 0
29 580 5 1
30 580 4 2
31 582 6 0
- 32 584 8 0
. 33 584 8 - 0
34 584 5 1
35 - 584 4 2
. 36 586 6 0
I 37 588 8 0
38 588 8 0
39 588 6 1
40 588 4 2
41 592 8 0
42 592 8 0
‘ 43 592 8. 0
44 ‘594 8 0
45 596 8 0
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which was stored in the 2nd nenory neans 16 and the anount of change D2 at
the next, 2nd, sanpling tine (ts2) which was stored in said 2nd nenory
nmeans 16 is t l,ned by calculation, the results being the ¢ in
armount of cﬁgﬁggh g?r]D. which are store in 3rd nmenory neans ??ﬁ&ﬁﬁﬁaﬁﬁh
the present invention, during a preestablisheg period, which is the overall
anount of data change reading sam pling tine [err] these operations are
repeated continuously a preestablished M nunber of tines, with the overal
amount of data change reading sanpli rRehIeelXI expt2bsed.as t[err] M

In the present invention, the neasured values of data [err]Dl1 to [err] DM
obt ai ned by perform ng peat tﬁﬂﬁ%; JTEEHY enen ring saiyg anount
of data change reading ggnpli%%’ti gﬁﬂ“%ﬁ%ned, the'gﬁgﬂﬁt of volgage dat a
change [err] TO at said ggerall anount sgfy change readi ngganpling tgne t
[err]M being determ neggand result f@pooltage data ad tenperatgre data

bei ng stored separatel yagn 4th nenory goaans 18. 13 0 '

: 49 604 12 1
50 606 14 0

51 609 17 0

52 . 612 18 0

53 616 20 0

54 620 . 23 0

55 624 24 0

56 627 26 0

: 57 630 26 0
— 58 632 26 0
59 632 23 1

60 632 20 2

61 632 16 3

Thi Shect Has Been Replaced
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Table IV -~ (1) .

ts Battery Voltage (V) _ATDvn N
1 513 513 0
2 525 525 0
3 534 - 534 0
4 541 541 ]
5 545 545 0

. 6 549 549 0
7 552 552 0
8 554 554 0
9 _ 556 43 1

10 ' 556 31 2

11 558 24 3

12 ~ 560 19 4

13 560 15 5

14 560 11 6

15 560 8 7

16 564 10 0

17 564 8 1

18 564 8 1

19 564 6 2

20 564 4 3

21 564 4 3

22 565 5 0

23 568 8 0

24 568 4 1

25 568 4 1

26 568 4 1

27 568 4 1

28 568 4 1

29 568 4 1

30 568 3 2

31 568 0 3

32 568 0 3

33 568 0 3

34 568 0 3

35 569 1 0

36 570 2 0

37 570 2 0

38 570 2 1

39 : 571 3 0

40 571 3 -0

41 571 3 0

42 ' 571 3 0

43 572 3. 1

44 572 2 2

45 572 2 3

-
Sheet Has Been Replaced
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-9- . _Because subsequent opration differs slightly berween voltage data

and tenpeature data, the operation for voltage data will be described
first,. Fiwotosioogyitng t he anount vol tage data change [err] T %
stored in said 4th nenory neans 18, the difference between thg\i’vo a%gwﬁ

anount of change [err] TDvl neaured from over @&the- said overall anpunt of
change readi ng sanpling tine established as running fromsaid 1st sanpling
time (tsl) to the sanpling time (tsM for the Mth sanpling, and the

vol tage armount of change [err] TDv2 measi@R¥® % V& the overal | amount of

change reading sanpling tinme estab-

ts " Battery Voltage (V) ATDvn N
46 572 2 0
47 572 1 1
48 572 1 1
49 . 572 1 1
50 572 1 1
51 574 2 0
52 576 4 1
53 576 4 i
54 576 4 1
55 576 4 1
56 576 4 1
57 576 4 1
T~ 58 576 4 1
59 576 2 2
60 578 2 2
61 580 4 -0
62 580 4 0
63 580 4 0
64 580 4 0
65 580 4 0
66 583 7 0
67 584 8 0
68 584 6 1
69 587 7 2
70 588 8 0
71 591 11 0
72 592 12 0
73 595 15 0
74 - 596 13 1
75 : 597 13 1
76 600 16 0
- 77 600 13 1
78 600 12 2
79 600 9 3
This Sheet Has Been Replaced
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lished as running fromsaid 2nd sanpling tinme (ts2) to the sanpling tinme
(tsMrl) for the Mrl-th sanpling is determined by calculation, said

cal cul ated diywhesgeygg [errlHv being stored in a 5th menory nmegnSyrpesnoes
These operations are performed continuously, and a general description 0O

t he above operations is that, with re- spect 60 £he neasured anount of

vol tage change [err] TDvn at a given overall anmount of voltage data change
readi ng sanpling time tn, said anmount of change reading sanpling tima (ts)
is shifted one at a time, while continuBableeYeat dd)cal cul ation is

perfornmed of the anount of voltage changes [err] TDvn to [err] TDv(n+x) at
said overall amount of cfgnge g&g@gwgvggeg'?gg (ymes b to t(n{X),

whi ch are derived constantly by sutmming Mo saia anount of change readi ng
sanpling tinmes (ts), and,1simlar to asqdescribed previsagly, thesg are
stored in said 4th nenory2 neans 18, wh§ge t he anount ofsemltage changes :
[err] TDvn and [err] TDv(n43d) occurring 564 adj acent oversid anount & change
readi ng sanpling tinmes trdand t(n+l) aB8&5used to cal culs®S the difflerence
val ue [err] Hvn(where= [erg]TDv(n+1)-[egggTDvn), this beggrgg stored 0

0

7 568 568 0
8 568 568 0
9 568 25 1
10 572 12 2
11 572 . 8 3
_ 12 572 7 4
- : 13 572 4 5
14 572 4 5
15 572 4 5
16 572 4 5
17 572 4 5
18 573 1 6
19 575 3 0
20 576 4 0
21 576 4 0
22 576 4 0
23 ' 576 4 0
24 576 4 0
25 576 4 0
26 576 3 1
27 576 1 2
28 576 0 3
29 576 0 3
30 _ 576 0 3
31 576 0 3
- 32 576 0 3
33 576 0 3
34 576 - 0 3
35 : 578 2 0
36 579 3 0
37 580 4 0
38 580 4 0
39 580 4 0
40 580 4 0
41 580 4 0
42 580 4 0
43 580 2. 1
44 580 1 2
45 580 0 3
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in 6th menory neans 19(B). Wth respect to the mcontinously obai ned
val ues -of anpunt of anmount of voltage change difference [err]HvV1 to
[err]HVM a ] is made by 2nd judgnment nmeans 23 as to wh ue
is positive (ggggkgyglgr eater) or negative (less than zero), an?s%ﬁ%ooﬁéﬂ

j udgment, neans 23 further executes a judgnment6preceasing in the sequence of
occurrance of said anobunt of voltage change difference [err]Hvl to
[err]HVm to nake a judgnent as to wherther. or_not at |east a

preast abl i shed nunber of continuous val F8®Y§ Ysai d Brount of vol tage change
difference [err]Hv is or is not negative, and if S continuous val ues of

sai d amount of voltage ctinge Battergnvellkage] kiw)are nexpatn ve, a j atignent
is made that said secondary battery has reached the 100% charge |evel or is
in the 100% charge | eveld46region, and580signal is outpld for the [Burpose
of stopping said chargi ng7operati on, wbB6h causes sai d dhargi ng-cor& ol
means 9 to operate to tud8sw tch neans580off, and stop the chargi n@

operation with respect t49said secondab$3battery. 3 0
50 584 4 0
51 584 4 0
52 584 4 0
53 _ 584 4 0
54 584 4 0
55 584 4 0
56 ' 584 4 0
57 586 3 1

T 58 588 4 0
59 588 4 0
60 588 4 0
61 588 4 0
62 589 5 0
63 592 8 0
64 592 8 0
65 592 6 1l
66 595 7 0
67 596 8 0
68 598 = 10 0
69 600 12 0
70 602 13 0
71 604 12 1

.72 606 14 0
73 608 16 0
74 609 14 1
75 612 16 0
76 612 14 1

- 77 612 12 2

78 612 10 3
This Sheet Has Been Replaced

.




Essentially, as shown in FIG 6A when an approach is nmade to the fully
charged condition, theﬂﬁﬁﬁjﬁITﬁﬂﬁﬁ?Tﬁ—Eéid vol t age data becones gradual
and the abovey@Bggsispnedsli S Haviren Riplieddnes ei t her zero or negaicpiPosonss:
Then, in the case in whid nce value is either zero or
negative, an appropri at ejmgmulﬂmlﬁHt s aedvahced by 1, and when said
counter val ue reaches a di ue of, for exanple 3, said charging
operation is stopped. What this neans is that with the nethod of

st oppi ng the charging as described above i EEM$resent invention, if the
di fference between the1lprevhomethaluefothuehlinge a0lsddtmdeaspsiiteRattery
and the current val ue of .voltage of the secondary battery is either zero or
negative for 3 ti FESPFRSA™¥8w, it will be assuned that the secondary
battery has reached a 100% char ge btepl 1 whdchheedtisartdiendpasier ataten neddinge
st opped. s |IN {hRecay ergéugggaugbng LAeqsikf.ace tenmperature of the
secondary battery, of the ténperature data qnndnt df change values [err] TDt
stored in said 4th menory neans E8§t§P03I¥hF§Pi&ﬁtﬁsﬁ&ﬁﬂéaﬁﬁﬁ}Q§)§ﬁﬁ%a i ne

t he change ratio a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and

_ said basic data reading time tb, said corrected data

10 reading time tc being characteristic to said charging

rate C; |

' a step 4 which, during the charging
operation, uses an appropriate sampling means to measure
the terminal voltage of said secondary battery at least

15 one time during each said corrected data reading time tc,
and which stores the voltage data at that time into an
appropriate lst memory means;

| a step 5 which repeats the operation of
said step 4 a predetermined number of times I, takes the

20 summation of the plurality of voltage data obtained in
each corrected data reading time tc, and stores the
resulting amount of change Dvn over the amount of voltage
data change reading sampling time ts (where ts=Lxtc) into
an appropriate 2nd memory means;

25 " a step 6 which calculates the difference
between the amount of change Dvl for the 1lst sampling
time (tsl) and the amount of change Dv2 for the next,
2nd, sampling time (ts2) obtained in step 5, and which
stores the resulting difference in amount of change ADv

30 in a 3rd memory means;

a step 7 which continuously repeats said
step 6 a predetermined number of times M, and which takes
the summation of each of the values of ADvl to ADVM (M
values) obtained at each amount of change reading

35 sampling time (ts), and determines the amount of voltage
data change ATDv for the overall said amount of change
reading sampling time t (where t=tsxM), the results being

| .
REP
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between the tenperature a ange [err] TDtn at the 1st overal
anount - of change readi ng,imthggg;eg,jﬁgghéeg and the 2nd overall anount of

change readi Lng t e B ch is formed by shifti '

armu%t of chgﬁé’?g@é’ i-ng }M“muﬂiﬂ'm&rts) atim this change%‘ﬁ’ﬁ’@‘gl'

[err]Ht (where[err]H =[er "' MPTDt ny &¢iAg stored in 5th nmenory

means 19(A). Subsequent |y, said change ratio [err]H between anmount of

tenprature change is conpared4g‘ 1st judnent nmeans 22 with a preestablished
a

ref erence val ue KSip¥eps i3aad RGROLYt Meansrir | Ht bet ween anpunt s of
tenperature change exceeds sai dar 8it@peBC Fhiahl e fdriisdlcd 1 dEtiEn from

Lot J vagnent reang 22 oh LR BHGRSRS ol votRh et St S S
curve of nmeasuredsagdpdtht memorgf mehas,seocoderermiae ehe ditfdance AHv
LE;LSZSEZé ditgqng ;:er'%ﬁsvﬁéL L;ﬁtrer LEE?%SBElém%G%t[ %rfr ]cﬂgtn%ef %I'D%q.c rllneaargl)xli'rgd Ogrom
over the first overall amount of change reading sampling
time (tl) established as running from said 1lst sampling
time (tsl) to the mth sampling time (tsM) for the
predetermined M-th sampling, and the voltage amount of
10 change ATDv2Z measured from over the second overall amount
of change reading sampling time established as running
from said 2nd sampling time (ts2) to the (m+l)th sampling
time (tsM+l) for the predetermined M+l-th sampling, said
calculated difference AHv (where AHv=ATDv2-ATDvl) being
15 stored in a 5th memory means;
a'step 9 which repeats said step 8 while
calculating the difference value AHvn (where
AHVN=ATDv(N+1)-ATDvn) between the amount of voltage
changes ATDvn and ATDv(n+l1) at each pair of adjacent

20 overall amount of change sampling times tn and tn+l, and - .

stores the calculated results in 5th memory means;
a step 10 which judges whether each of the
m amounts of differences in amount of voltage changes
AHvl to AHvm are positive (zero or greater than zero) or
25 negative (less than zero); and
a step 11 which judgeé, in the sequence of
occurrence of said differences in amount of voltage
changes AHvl to AHvm, whether or not said difference in
amount of voltage change AHv is zero or negative for S
30 times continuously, and if said difference in amount of
voltage change AHv is zero or negative S times
continuously, stops said charging. .
2. A method of charging a secondary battery,
- comprising:
35 a step 1 which sets the basic data reading
time tb required to read data;
a step 2 which sets the charging rate C;

THIS SHEET HAS BEEN
REPLACED
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time. (ts) is taken, and if said ratio is greater than a preestablished
reference value K, it i ThiaSlserHseBesnRevlaced d secondary battery has reached
100%, char ge woesed4z1 and (Rl | Epe_ration i s stopped. PC‘IJ(.ﬁwt?Iﬁngl
- 1st judgnment neans 22. i f||EgH flatio [err] H between anbunts™o
tenperature change difference exceeds.a preesiablished reference value K,
‘the judgment will b made that said secondary batery has reached 100%
charge level or the 100% charge | evel region, and a signal will be output
for the purpose of slopping sai ®ch&®Bi Agwhdskr aetsnthensorzegtedidata t hat

sai d char gi ng- conteadimgatimé® te,O@@é@i&ﬂn?otbgﬁhgaggtzahhggi??agggg(ﬁﬂ&nd
t hereby stoppin I gi operatlon sa secondar attery.

Wth regard to t%%igiéégﬁ*gié%kﬁn?%ﬁélﬂﬂtﬁbﬂﬁhkghesﬁé h58¥6FCFEQSGP¢ﬁg t he
ternminal vol tage x#ading thwentkrheihgt thayadterbgtibatgi sgidnedhar@Emigng
the charging operdi®neif the judgnent is nmade that the charge |evel has

reached 100% or the 100% regi on, and the net hod of measuring the
tenperature of said secondary bat t&¥SP dhirvhckhaduring the charging

~operation, uses an appropriate sampling means to measure

the temperature of said secondary battery at least one
time during each said corrected data reading time tc, and

10 which stores the temperature data at that time in an
appropriate lst memory means;

a step 5 which repeats the operation of
said step 4 a predetermined number of times L, takes the
summation of the plurality of data obtained in each

15  corrected data reading time tc, and stores the resulting
amount of change Dtn over the amount of temperature data
change reading sampling time ts (where ts=Lxtc) into an
appropriate 2nd memory means;

a step 6 which calculates the difference

20 between the amount of change Dtl for the 1st sampling
time (tsl) and the amount of change Dt2 for the next,
2nd, sampling time (ts2) obtained in step 5, and which
stores the resulting difference in amount of change ADt

) in a 3rd memory means;

25 a step 7 which continuously repeats said
step 6 a predetermined number of times M, and which takes
the summation of each of the values of ADtl to ADtM (M
values) obtained at each amount of change reading
sampling time (ts), and determines the amount of

30 temperature data change ATDt for the overall said amount
of temperature change reading sampling time t (where
t=tsxM), the results being stored in a 4th memory means;

a step 8 which performs a calculation,
based on the values of amount of temperature data change

35 ATDt stored in said 4th memory means, to determine the
ratio between the temperature amount of change ATDtl
measured from over a first overall amount of change

I
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and stopping the charginﬁfo eration 'f'tge judgnent is nade that the charge
| evel has reached 100% o 837Cn were described separately, in

t n
the present iRy28hsap it 'iﬁﬂ E ﬁmﬁl conbi ne these two net h(}dcsr’ntgpl&r‘glby

enabl i ng
- 66 -

reading sampling time tl established as running from said
lst sampling time (tsl) to the sampling time (tsM) for
the predetermined M-th sampling, and the temperature
amount of change ATDt2 measured from over a second

-5 overall amount of change reading sampling time t2
established as running from said 2nd sampling time (ts2)
to the sampling time (tsM+1) for the predetermined M+l-th
sampling, said calculated ratio AHt (where
AHt=ATDt2/ATDtl) being stored in a 5th memory means;

10 a step 9 which repeats the operations of
said step 8 while calculating the ratio value AHtn (where
AHtn=ATDt (N+1)/ATDtn) between the amount of temperature
changes ATDtn and ATDt(n+l) at each pair of adjacent
overall amount of change sampling times tn and tn+l, and

15 stores the calculated results in 5S5th memory means;

a step 10 which judges from the
information stored in said 5th memory means whether the
ratio AHm between two adjacent said temperature amounts
of change is egual to or greater than or is less than a

20 given value K; and |

a step 11 which, if the temperature amount
of change ratio AHm value is equal to or greater than the
given value X, stops said charging.

3. A method of charging a secondary battery,

25 comprising:

a step 1 which sets the basic data reading
time tb required to read data;

a step 2 which sets the charging rate C;

a step 3 which sets the corrected data

30 reading time tc, according to the set charging rate C and
said basic data reading time tb, said corrected data
reading time tc being characteristic to said charging
rate C; )

a step 4 which, during the charging

35 operation, uses an appropriate sampling means to measure
the temperature and the terminal voltage of said
secondary battery, respectively, at least one time during

Co* ¢ L M ] *




- 10 - a nore acurate determ nation of the charge | evel. Addi tionally,

in the present

i Nnvent i onThis SHetttasBden Répldgedsi ¢ net hod i s when neasuri ng

vol t age data wooss@dnre t mesured at each annuntPE§ufﬂﬁﬁ&ﬁ
readi ng sanpling time (ts)|, i's Nltlnes t her eby accu-

10

15

20

25

30

35

each said corrected data reading time tc, and which
stores the temperature data and the terminal voltage data
at that time into an appropriate 1st memory means,
respectively;

a step 5 which repeats the operation of
said step 4 a predetermined number of times L, takes the
individual summation of the plurality of battery
temperature data and voltage data obtained at each
corrected data reading time tc, and stores the resulting
respective amounts of changes Dtn and Dvn over the
temperature data and terminal voltage data reading
sampling time ts (where ts=Lxtc) into an appropriate 2nd
memory means;

a step 6 wﬁich calculates the difference
between the amounts of change Dvl and Dtl for the 1st
sampling time (tsl) and the respective amounts of change
Dv2 and Dt2 for the next, 2nd, sampling time- (ts2)
obtained in step 5, and which stores the resulting
difference amounts AD for temperature data and terminal
voltage data (ADv and ADt) in a 3rd memory meéns;

a step 7 which continuously repeats step 6
a predetermined number of times M, and which takes the
summation of each of the values of ADvl to ADvVM (M
values) and ADtl to ADtM (M values) obtained at each
amount of change reading sampling time (ts), and
determines the amount of temperature data change and the
amount of terminal voltage data change, ATDt and ATDv,
for the overall said amount of change reading sampling
time t (where t=tsxM), the results being stored in a 4th
memory means; ]

a step 8 which performs a calculation,
based on the values of amount of voltage.data change ATDv
stored in said 4th memory means, to determine the
difference between the amount of voltage change ATDtl

measured from over a first overall amount of voltage

change reading sampling time tl1 established as running
from said lst sampling time (tsl) to the sampling time

AR G R




mul ating the overalYadara—varue—durrﬁg—rhe overal |l sanpling perod t (tsXM

using the results to obs@is\%geel iR BedARIpSPT said voltage data, in the
charging of JyeesEUdRrY b he charge level of said r
battery is 100% ogﬂl s in m &‘IH t he change in terrpergﬁ&gpg@g%lrms
very graual, so that the d is_ngde long. it is possible to,

for exanple, detect the peak val ue on.the tenperature variation graph, or
to accurately and quickly detect such conditions as a dropoff fromthe peak

value, or in addi {(tsm) £be ehédpi:eﬁéte&mﬂ/ﬁbﬁhm-hﬁr%ah@l'l(hgqh@iﬁﬁ ﬁ‘Hé)raxﬁéiﬁat
In

h
P oh- speed ohar i RE YETRAG®: BReBue,AiBE2 mepRBrell from HYH & BRcond
i nventi on, anotheovpnsllsambentooﬁ1velthge chawgecheadnmgysumpannqmuﬁManﬁﬂ
dat a anount of chnuggéa'g#shédrrggsguﬁgiﬂacEFE [ gaggoggh[ ggsﬁgangetlr e%dl(r]%z)

sanpling time (s) ue an
det entined Vol t ageocthe aamphingf timendss¥th)(for) the geedetiexmines M+l-th

determination is gafig]PAg! Osuba! BeLchhat¥a! e FirerEhbRCARE QuilerOSi € OF

Zero.
AHv=ATDv2-ATDvl) being stored in a 6th memory means;

a step 9 which repeats step 8 while

calculating the difference value AHvn (where

10 AHVvN=ATDv(N+1)-ATDvn) between the amount of voltage
changes ATDvn and ATDv(n+l) at each pair of adjacent
overall amount of change sampling times tn and tn+l, and
stores the calculated results in 6th memory means.

. a step 10 which judges whether the m

15 amounts of voltage changes AHvl to AHvm are positive
(zero or greater than zero) or negative (less than zero);

a step 11 which performs a calculation,
based on the values of amount of temperature data change
ATDt stored in said 4th memory means, to determine the

20 ratio AHt between the amount of temperature change ATDtl
measured from over a first overall amount of temperature
change reading sampling time tl established as running x
from said lst sampling time (tsl) to the sampling time _
(tsM) for the predetermined M-th sampling, and the amount

25 of temperature change ATDt2 measured from over a second
overall amount of temperature change reading sampling:
time t2 established as running from said 2nd sampling
time (ts2) to the sampling time (tsM+l1l) for the
predetermined M+l-th sampling, said calculated difference

30 AHt (where AHt=ATDt2/ATDtl) being stored in a 5th memory

| means;

a step 12 which repeats the operations of
step 11 while calculating the change ratio value AHtn
(where AHtn=ATDt (N+1)/ATDtn) between the amount of

35 temperature changes ATDtn and ATDt(n+l) at each pair of
-adjacent overall amount of temperature change sampiing
times tn and tn+l respectively, and stores the calculated

RO A THIS SEEET BAS BEEN
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and f the value is poeitTive. a coterL Ab having a preestablished upper limt
value Wis orset to Zeonummajkhgﬁmghmgais negative, the current said
Counter valu ncr il Ille val ue corresponding t '
negat i ve -val 3%6\?%,"927ded mm% mﬁmlf he reult sum exceed %94'00651
prest abshed upper |ft vs Mgi ng o9 raion with regard to ig
secondary battery | In the casin which said dilerence anount a zero, it
I poesb. for axsnple, to forclbly add a preestablished negat consntZ
(frnpe- 2)tosdcoun¥$swh#%e¥E;SEENQOerﬁ|Méan§vae|szero i ndi ng hatthe vol t age
data cure not changing, It is trfa&ﬁQ%a§3'%hikh“ﬁﬁﬁaés”?gﬁh'%ﬁ gval ue for

e

t he purposes of processing. ne caoncr et 0 eratlng

pr ocedur fortheIﬂ?ﬁﬂ%ﬂiF%Rﬁwiﬁ?@ﬁ@e%%oﬁa+6r5§BcEﬁGQF¥ peansr yhet

present inventioncatid Setmasetwsen tdaoraagaeaﬁ28sa§d bfiohifiesf earts Of
P1G 7 through FG,_ A FIG .7throu FI G are fl owhart hat eprS|n

the operati®n of ?ﬁﬂ?%ﬁﬁﬁﬁ??eﬂ&ﬂﬁﬂ% stﬁ%“ﬁ%gﬁ@s@ﬁdgEﬁQFSFn§ or is less

than a given value X; and

a step 14 which judges, for said
temperature change ratios AHtm equal to or greater than
the predetermined value of K and in the sequence of

10 occurrence of said differences in amount of voltagé
changes AHvl to AHvm, whether or not said difference in
amount of voltage change AHv is zero or negative for S
times continuously, and if said difference in amount of
voltage change is zero or negative S times continuously,

15 stops said charging.

4. A method of charging a secondary battery
according to claim 1, 2, or 3, wherein when said sampling
means is used during charging to measure the terminal
voltage or to measure the temperature of said secondary

20 battery at each corrected data reading time tc, the
supply of charging current to said secondary battery is
cutoff when méking the measurement.

5. A method of charging a secondary battery
according to claim 1, 2, 3, or 4, wherein when said

25 sampling means is used during charging to measure the
terminal voltage or to measure the temperature of said
secondary battery at each corrected data reading time tc,
if measurement of even one of these values indicates a
level exceeding a predetefmined abnormal wvalue level,

30 said charging operation is interxupted.

6. A method of charging a secondary battery
according to claim 1, 2, 3, 4, or 5, wherein said
corrected data reading time tc is calculated from said
charging rate C and said basic data reading time tb by

35 the expression tc=tbxA/C, in which A is a constant.

7. A method of charging a secondary battery"

according to claim 1, 2, 3, 4, 5, or 6, wherein in a step

* [ L M S *




net hod for secondary bal_t_eu_es_at——t—he—p%sent invention. RIL at step (1).
the basic datarading tine ) re -Eékread data i set, operation
proceedi ng t owid GRogrr At "i ﬁm

Ing rat Cwhichis ara
sui tabl e for executing chI ct to said secondary bat‘?lém%l"}d&;sl

In the present invention, berng0abl e to dcrge secondary
batres having indidafly dferlng con- structions. ther being secondary

batteries of th sa yp, but having differin i n it is
possible to al so. Fﬁr %‘c GPERE SWIER r?& %q%q c{a&a’eigp%’rrﬁ?%. by
xcut sapling of bbmtdnumsayematcmaslalieb data chdmge prescligey dwirepl g | tiime
accurate and hgpe ch gig e t

whi ch th adj ust ed %rq-'ea(%‘% gp%q# g?'&%a?%érxﬁ%%:%é 3%%:1? setu.d
harging rat Cis giatuanca@ma/\meatdnn@dsmmg tire s sidhe araunt 9hg

timeh. Hen, ghRnhdgk AMRRCER RRATRIgEMIaH § SMRBVRAUURIS D! iRigment is

anount f changeai s rozr dor negative
made as to whether said amount of voltage data change
ATDv is positive, negative, or zero, and if it is
positive, an appropriate counter value AS which judges a
condition of a change in amount of the voltage data

10 change ATDv, is reset to zero, but if said amount of
voltage data change ADTv is negative or zero, said
counter value AS has added to it said ATDv value, said
counter value AS being updated to the added value; after
which said counter value AS is compared with a

15 preestablished reference value W, and if said counter
value AS is smaller than said reference value W, said
charging operation is stopped.

8. A method for charging a secondary battery
according to claim 7, wherein when the value of said

20 voltage data amount of change ATDv is zero, a |
preestablished value 2 is subtracted from said counter
value AS. i

9. An apparatus for charging a secondary battery
comprising:

25 a current-supplying means for supplying
electrical current to the cells of a secondary battery
requiring charging; - )

'~ a switch means provided between said
current-supplying means and said secondary battery being

30 charged; )

a temperature measurement means for
measuring the temperature of said cells;.

a sampllng means for operating said
temperature-measurement means to measure the temperature

35 of said cells with the desired sampling interval;

a charging-control means which is
connected to said sampling means and controls said switch

I

L .




a preestablished nunber of Tines, Tor exanple P. in arow the judgnent is
a that said secondary bHﬁstShéekabe;eag{dﬁa@adhas eachedt he 100% char gsvl orthe

t hi , - at
rgion ot 00%vywhasge| ! an glllﬂ ﬁm rtlon is stopped It S oc%glrﬂ&é a

this step the preestablis s set ino the counter & ! bu
downL At stp (5), in - the 3anpling pe n every adjusted
datre-ding tine ta whiVc vae |Is charac- teristics to the Carging rate C.
for6xanple L tines, said preesablishad nunber of tinB L iset into counter

11, which control®®3B8# nunber of repetltlons Ne, operatlon proeeds to
tp (6). at which the tine data cgregapgffgNate Eogia %§§m
taWwhich is charcerlstlcs to the charg 8 re ang 3%|0 at g?%%%i )

is at it counter the chargingrrate Cat step (7). when neasuring th vol tage
and tenperature data of the secoadabfrga{;garaalggl E@a&ﬁ% e{)%reéﬁl%q‘ eason

gﬁt o a'? r}[/ﬁu nstgﬁ? S%rgg v¥h1c.)ch QSQ& <t:191 ti,l\gl gaighngsig%edar setatatterséld
charging rate settlng means, calculates from a
preestablished basic data reading time tb the corrected
data reading time tec, the value of which is
characteristic to said charging rate C;
i0 an amount of data change reading sampling
time setting means which multiplies the corrected data
reading time tc by a preestablished value L to set the
temperature data amount of change reading sampling time
ts; . |
15 an overall sampling time setting means
which multiplies said data amount of change reading
sampling time ts by a preestablished value M to set the
overall sampling time t;
a 1lst memory means which stores the values
20 of temperature data dtn measured at each said corrected
data reading time tc;
a 2nd memory means which stores the data
Dtn which is the summation of a predetermined member L
- values of temperature data dtn stored in said 1st memory
25 means; '
a 3rd memory means which, from the data
Dtn stored in said 2nd memory means, stores the
difference between data Dt(n-1) measured at the previous
amount of change reading sampling time ts and data Dtn
30 measured at the current amount of change reading sampling
time ts+1l, this difference value being ADt (where
ADt=Dtn-Dt(n-1));
- a 4th memory means which stores the amount
of temperature data change ATDt obtained by taking the
35 summation of each of the M amounts of temperature data
obtained at each amount of change reading sampling time
(ts) in the overall amount of change reading sampling

AR AR THIS SHEGT HAS BEE
c L M 5 = REPLACED




t he .dat  mesuraem As described preV|oust, the charging current at the
time of these data neasum@maaanw&smduwh@df by turning the switch neans 5

whi ch conpri e 94971 r ans o of f. After tha, perSbddoés:
ary battery being charged is
I

the term nal voltage (dv)
measured, and at step (9), s are stt2ed into tst nmenory neas 15,

that is. in nenory 1. Inthosane manr, at step(10),th surace terature

(L) ot eacondary B O REaE 98 SR LB TR by SBebt T, Sl ShlSR
Starti h"”ﬁéicie"f‘“?“"?gﬂt?‘i‘l“? Sharging operation. after whveh st eé‘% cp’
(13) a ?udgnentgﬁégﬂgﬁﬁ §§ ﬁbéﬁm€§her o? ngt glther th vol tage val ue or tﬁe
tenperature val ue just neasured axBthkdmenbeypmeansawhichgedwdiharkegaxrtd to
value, and % sai defEasihor-Lolfe 09582 G466t of change ATDt stored in said

4th memory'means, stores the change ratio AHt calculated

between the amount of temperature data change ATDtn at
the 1lst overall amount of change reading sampling time tn
and the amount of temperature data change ATDt(n+l) at

10 the 2nd overall amount of change reading sampling time
tn+l, which is formed by shifting the time by one amount
of change reading sampling time (ts), said change ratio
being AHt (where AHt=ATDt(n+l1)/ATDtn);

a 1lst judgment means which compares said

15 temperature change ratio AHtm between said amounts of
temperature'change with a preestablished reference value
'K, and if said change ratio AHtm between said amounts of
temperature change exceeds said reference value K,
outputs a signal which stops said charging;

20 a processing means which processes each of
the individual data stored by each of said means; and

a central processing means which controls
the operation of each said means.

10. An apparatus for charging a secondary battery
25 comprising:

a current-supplying means for supplying
electrical current to the cells of a secondary battery
requiring charging;

a switch means provided between said

30 current-supplying means and said secondary battery being
charged;

a terminal voltage measurement means for
measuring the terminal voltage of said cells;

a-éampling means for operating said

35 terminal voltage measurement means to measure the
terminal voltage of said cells with the desired sampling

* c L M $ *

interval;




said.lipmt value, the judgment TsS rede tnat an abnormal condition has
occurred in the secondarghggﬁﬁﬁﬁgBaﬁmagmaharged and sai d charging

operation is wrssRoshs %i“% E Eu’ﬂt h the vol tage val ue anpchgfw 00651

tenperature val ue just me ed normal at step (13). operation

proceeds to step (14), val e 7@8f -counter 11l is decranetd
by 1. and operation proceeds to step (15). at which a judgnent is nade as
to whether or not the value of aid counter Il i 3 orid At _-el*

a a charging-control means which is

REPLACENENT SHEET connected to said sampling means and controls said sthch
2 3 JANL means s
a charging rate setting means which sets
5 the charging rate C;

a corrected data reading time setting
means which, based on the charging -rate C set at said
charging rate setting means, calculates from a
preestablished basic data reading time tb the corrected

10 data reading time tc, the value of which is
characteristic to said charging rate C;

an amount of data change reading sampling
time setﬁing means which multiplies the corrected data
reading time tc by a preestablished value L to set the

15 temperature data amount of change reading sampling time
ts;

a overall sampling time setting means
which multiplies said data amount of change reading
sampling time ts by a preestablished value M to set the

20 overall sampling time t;

a lst memory means which stores the values
of terminal voltage data dvn measured each said corrected
data reading time tc;

a2 2nd memory means which stores the data

25 Dvn which is the summation of the L values of temperature
data dvn stored in said 1st memory means;

a 3rd memory means which, from the data
Dvn stored in said 2nd memory means, stores the
difference between data Dv(n-1) measured at the previous

30 amount of change reading sampling time ts and data Dvn
measured at the current amount of change reading sampling
time ts+l, this difference value being ADv (where
ADv=Dvn-Dv(n-1));

. a 4th memory means which stores the amount

35 of terminal voltage data change ATDv obtained by taking
the summation each of the M amounts of voltage change
data obtained at each amount of change reading sampling
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time in the overall amount of change reading sampling

time t (where t=tsxM) obtained by repeating said amount
of change reading sampling .time (ts) M the required
numbexr of M times;

a 6th memory means which, with regard to
the terminal voltage data amount of change ATDv stored in
said 4th memory means, stores the difference AHvm
calculated between the amount of voltage data change
ATDvn measured in the lst overall amount of data change
reading sampling time tn and the amount of voltage data
change ATDv(n+l) measured in the 2nd overall amount of
data change reading sampling time tn+l, which is formed
by shifting the time by one amount of change reading'
sampling time (ts), said difference being AHvm (where

.Ava=AHVm=Hv(m+1)-va);

a judgment means which, with regard to
each the m values of voltage data amounts of change
differences AHvl to AHvm serially stored in said 6th
memory means, makes a judgment as to whether each one of
said differences AHvl to AHvm is positive (zerxo or
larger) or negative (less than zero), and which performs
said judgment processing in the sequence of occurrence of
said voltage data amount of change differences AHvl to
AHvm, and if each one of the successively measured
voltage data amount of change difference AHv show a
negative value, at least a preestablished number of times
S, continuously, 'stops said charging operation;

a processing means which proceSses each of
the individual data stored by each of said means; and

a central processing means which.controls

the operation of each said means.
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wai t.is made unti on value at. counter Ill is zero. th i. until in corected
dat a reéding tins ta has elased. and atter a verification is ne tha th

val ue of sai Wweesoserr |11 is zo operation proceeds to step (16}cr@94yyag§ih
Vh Values Of voltage data dv and tenperature data dt btaind fromthe .

measurenent just nmae are added to the respective val ues oi_xQLLage_daLa—dv——
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NBex, operation proceeds to step (17), at which | is subtracted trn VW
setting‘value L of couter It, and operation proceeds to step (t8), where a
pudgment is RpglesgaaiO0 Whet her or not the sti ng val ue Lot said peyibgaloots: S
zero Thus, in tie present inventior while voltage data and tenperature
data are neasured at st on Me during said adjusted datareading tine a,
the aseoci ated operations are rep during a preestebllnhed tlne a during

t he measurenment data anount of cg radg s in ti @ébﬂ@hﬂdxd
nunber of lintet is. L which causes rep€elf4a on of sald ne
value of L being artarily Therefore, at step (18), f the

of ad counter 11 is not zeo. it neans that the rued nunber of neurnns
not yet been rahd so tt rtumis ma o slp (), at which the

st epsar repeated. It, however. at step (18). the setting value L of
said counter 11 zero, this nmes that ts recquired nunber of
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measurenents has been rache. sot operat prcds totp (19). at which a
calculation is perlorted to determine the sum Dvn end OM of tO voltage
and tenperat uwe9sasszival ues 1t had ben stord ino 1t menory m persbessoski NS
each orrected | at redingtnett resutsbing std spart to 2nd nenory ean 16
(menory tl). NM at stp (20)-usn the dalae th had ben stord ito sid 2nd
menory means 16..the derences between the val ues Dvnhl) and Dt(n-1) stored
itk menory ThitShest HasBeedRdphted previ ous meagur mentad the val ues Dvn and D

odt heunt masu'wmmgmtof chag bent he amaur edat t hecur ont neur enent
data anmount o g sanpling ti s) and the da neasured at the
I mredi ately previous ment data a nt o e readi ng sanpling
time (ts-) re calcuate at the sp (2) tFEgE@AWD« arid hDt ae stord
separately into said 3rd nenory neans 17 ( ry 11)~%
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Afterhis. at stp (22), using the |tavNai ndADt which had been
I ndl vidual | younul atively stord it 3rd nenory nens 17, said anmpbunt of change

data_ADV and w\ylegigé4yned at the currnt neasurenent data anountl,g:aﬁi;
reading tie (tsl) ar addd respclyto th nou of hange rta obtaie a?ﬂ@%ﬂlm
ey previous m_ urenment data amount of change reading tinme (W the results

of ATDv and ATDt being stord separatey ino 4th nmenory nens_1B (nenory |\).

At this p (22), said neasurenent data am)‘znt df change readi ng _sanpl in aced
tins (to) is set a numberd ofrties, for exa}rﬁe Mtes, and t%‘smﬁﬁﬁﬁ"m
i
i

sum of th anount of change dat aval ue obai nd“at ~each ofthesanpl i

(ten) Is calculated. For this reaZFl,' t & . a judgne l“‘ _
to whether or not t toal nunber d da sllgd i/d 4th nenory neans 18 .
(menory 1V) |Is a pretahed nunber. for eanpTe M nd 1l the result 01 t

j udgment is NO _
: vV
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t he judgnent is nmade that the nmeasurenent data anount of change readi ng
sanpling time (s) hM not ben repeated the prstbld nuner o tins Mad rtumb
m _ to sp (Wdogsedser W step the abovestpsarerepeat ed It. Pb@mpy‘gd%ﬂt he
reult of step (2) is YES. operation proceeds to stp (24), at which a
calculation is ade, wth redgard to th neasured voltage dat fromthe overall
anount of c'ﬁlani,i«ﬂasmemh gptabsdhad ben strd into sid 4th nenory neans 18, to

dretrmn the ue Mv (where ASl yATv(n-1)-ATDvn) between the
madl ately previ 38maasurerrent dat that Is. th

amount of ch
oeal | amount o which is baSed on the M data neasurenents at
I d measurenent data anount.. of change reE'l mpling times (tel) to
(tern), and the nount of change fromth J@ t nranurenent data, ht is,
th overall amount of change ATDv(n- 1) whbh I s bad on heM dat neasurents

of sad mrened anount dcng readi ; O to (tdM), and at
J e da fromthe
(1)

whi ch aoacarcul awon is ade, wh reg
over al |

SET BASIC SAMPLING TIME (fs)
[]
SET CHARGING RATE e (2)
. (3)
SET CORRECTED DATA READING TIME (te)
t.=1uXA/C
COUNTER 1P ()
=)
COUNTER L<L (5)
=) _
COUNTER I <t (6)
—y (7)
INTERRUPT CHARGING
MEASURE VOLTAGE dv
X (9)
STORE IN MEMORY I
. (10)
MEASURE TEMPERATURE dt
L (11)
STORE IN MEMORY 1
—1 (12)
START CHARGING

VOLTAGE AND
TEMPERATURE
NORMAL

COUNTER I teet.-1
' (15)

' COUNTER I t.=0
2




anmount of change data which had ben stord into said 4th nenory nmeans 18. to
deternine the change ratio value AHt (where FIA'TDtI(n-11 YTtn) between the
mount of changesoemmit he | medi ately previous nesurenent data. pichaped/ossh
overal | anount of data change ATCn, which is based on the Mdata

measur enens—at_ sai d neasuremt data anmount of change reading sanpling tines
(tsl) to | lggggett}fgggémgym&edof change fromthe current neasurenent dat that

is the overa ta change TDtn-§ ich is based on th M data
NWL H urevht data anmoyAt}Bf change readi ng sanpling
results, Ay and A, of saw d cal cul ati ons being

measur enent s
stored, respectively, in 6th nora neans ig menory VI) and 5th nenory
Y

times (1sO t

nmeans 19(A) (menory V). After that a 26), a judgnent is made
ast o whet her or not RS ment data is voltag ta, and I Me result b NO
operation proceeds (27). at which, as in FIG 6B. a judgnent
is made as to whet hey or Anot ai, ~—@f69ai d
measur-enent data is llarggr than| a preest alNsHEMORY! Ge. for exanpl e he val ue

Dv=<-Dv+dv,Dt-=Di+dt
AND ACCUMULATE RESULTS

(17)

COUNTER ]I LeL-1

- (19) -
2an=Dvn]  cropen 1y
Sdin=Din| MEMORY I
- 3 (20)
FROM DATA IN MEMORY II
aDv=Dvn-Dvn-1
ADi=Din-Din-1_
— (21)
STORE ADv, At IN MEMORY T
—Y (22)

FROM DATA IN MEMORY I CALCULATE
ADTv<aDTy+8Dv,aDTt<aDT+aD}
aTDv=aDTv,aTDi= DTt

AND STORE 'IN MEMORY IV

(23)

NUMBER OF DATA IN
MEMORY VM

(24)

FROM DATA IN MEMORY IV CALCULATE
. aHv=aTDv(n-1)-aTDvn,
<§) aHt =aTD1(n-1)/2TDx(n)

®




K. and | the result is YES, operation proceeds to step (26). Thus, the

overal I sum O sid tenpeilhis n Tts of change ATDtn over the M

ti mes of measwomsmppa7idat a ﬂ readi ng anpl ng tine (tporiresnéct)
is shift one said neasure :
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AT
F1g.10
(CONTINUES FROM STEP (19) OF FIG. 8 )
- (120)
aDv <—aDvn — aDvn-g
aDt <—AD;n — aDin-1 (121)
VBurrF <i aDv (122)
Tourr ;ADI - (123)

. (124)
N @
(125) ‘ l ! (126)

0S<—aS+aDv-Z aS<—0

L

(127)
A
(135) |
210 H TOTAL OF CURRENT o M
y==
CHARGING - TOTAL OF PREVIOUS \735;
END POSITIVE )NEGATIVE
(130)
N=<N+1
]

THIS SHEET HAS BEpy
REPLACED



- 12 - sanpling tine (ts) at a tine, and if the change ratio with respect
to the overall sumsaid tenperature data anounts of change [err] TDt (n+1)
over .the MtiwWeIsbd47aeasur enent data anount of change readi ng ngs}&éine
(ts2) to (tsMtl) is large, indicating that the rate of rise of "sa
tenprature neasurenent data has increased over a short period of tinme, the
j udgnent 4s—ade-that—satd—secondary battery being charged has reached the
100% charg Qggion of the 100§ gharge |evel and the charging

| evel.. oL t
operation iss cin i IS poi nt. Thp/%;eestablished val ue K can be
" set as desirH | l ﬂ present invention, it is set a a value of, or
~ exanpl e, Fflgg 1 1 _

(0 STEP (5) OF FIG. T)
|

ARE BOTH PREVIOUS Tesurr
TOTAL AND CURRENT Teurr
TOTAL GREATER THAN

AHt=
CURRENT Tesuee TOTAL
>K

PREVIOUS Teurr TOTAL

(135)




2 or greater. That is, in the present ‘invention, as shown in FIG 2
through FIG 4, for a secondary battery of any configuration, in the case in
whi ch the cheyawesiogmel either reaches 100% or the region of 108643840651
exceeds the 100% 1 evel, since the neasured tenperature data rate of rise
changes suddenly fromits previous gradual increase to a d rate of

rise, this condition is detected, enabling detection the reaching of the
100% | evel or the region of 100% charge |gyek, or the exceddis8 etHasB&ﬁRl;QgQ;&q

charge | evel. If at step (27) the judg result is: NO
proceeds to step (29), at which, for the purpose of det erm WHHL
anount tenperature neasurenent data anmount of change, [err]TDt n+

M tenperature data over the neasurenent data anount of change readi ng
sanpling time(ts3)to(tsM+2) by shifting said nmeasurenent data anmount of
change reaing sanpling tine (ts) one at a time, after first delating first
of the M tenperature neasurenent data.

Fig.12
CHARGING VOLTAGE CHARACTERISTICS
OF A NICKEL-CADMIUM BATTERY
ts

ts=192 S, RATE=0.25C
15 9 1317 21 25 29 33 37 41 4'5495357 61 65 69 73 77
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currently stored in nenory V, return is made to step (23), after which the
above operations are repeated. At step (28), if the result was YES, the
operation provessiesyp step (30), at which a judgment is nade ages Wfﬂsr

the change in said overall voltage data anbunt of change, that isﬁferr

IS zero or negative |less than zero, and if the result was YES, operation

proceeds to step (31), at which the setting value P of counter I 15
decrenented by 1, and then to step (32), Y ich a judgmenthii She&BEERAS ced
whet her the setting value P of said counter 518 P. and if the | 1

oper at.ion proceeds to step (28), at which the charging oper al”ﬂﬂﬂ w,

st opped. When the result was NO at step (32), return is nade? R IR
after which the above operations are repeated. Thus, in the present
invention, as shown in FIG 2 through FIG 4, for a secondary battery of

any configuration, if the charge |Ievel reaches 100% or the region of 100%

or exceeds 100%t he neasured voltage data whi ch had previously been rising
is seen to start to tl or remain unchanged.
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Therefore, in the present invention, for any secondary batery, to detect
the condition in which the charge | evel has reasched 100% or the 100%
region, a juowessnyrs nade as a to whether the overall change ppripsyd@eBunt
of change, that is, the difference anbunt [err]Hv is zero or negative, and
further a determ nation of whether the difference value [err]Hv has been
zero or negative for Ptinme in arow and if so, the judgnent is made that
said secondary battery has reached the chgpge | evel of 100% or the region
of are level 10Q%heaiHhs BEa ReflREQI N oper at | 185 t hen stopped. In the
present inventi g value P of said counter | can be established
arbitrarily as H%"iﬂ!&mrﬂmuxaml e it can be set to a P value of 3.
Therefore, in the ) ough if said difference anbunt [err]Hv is zero
or negative for 3 tinmes in a row, the judgnent is nmade that the charge

| evel of said secondary battery has reached 100% or has reached the 100%
region, and the charging operation will be stopped, if in any 3 consecutive
measurenments the difference value [err]Hv is positive even
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one timg, the setting value of said counter | is reset to the original

setting value P and the above-stated judgnent is repeated. On the other
hand,. at st epW®2/0947f the result was NO in step (33) the setg' val ue
of counter | is reset to P. and operation returns to step (4), %’4’00551
thereafter each of the above-stated steps is repeated. VWhile in the

above-descri tl?g_ls_pﬁc_irii_g_m_e of the present invention, said count | is
set to an initial value of P. and counts d sequentially, in accordance
with the resul tm@f;heeﬂaasmeemcsd so that wh She setting value Pis 0 the
j udgment is mad ge | evel of t’he“secondary battery is 100% it
is al so possi bl %mi |s by setting said counter | to an initial
value of 0 and h counter count up sequentially according tot
results of nmeasurenents, and when the setting value of said counter |

reached a preestablished value of P. to make the judgnent that the charge
| evel of the secondary battery is 100%
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However, in either of the above-described nethods, during charging, there
is a danger that the charging operation will be stopped if for some reason
the vari at i onwioestob4z1di f f erence val ues of said data is zero or ﬁ;agjﬁ%@‘ﬂ
three tines consecutively, even at a point at which the charge |evel 1s not
that high, so that to solve this problem in the present 4 i i

the output voltage of the various secondary batteries in thﬁm&ﬁ k n ef ng%
i's known beforehand, it is desirable to mejge #he configurati f - b

t he out put voltage of said secondary battegyﬁ?s constantly 2§IH E lﬂ"k
results nonitored, so that the above-described cal cul ati on

valid in the case in which said output voltage is above 70%to 90% of the
secondary batterys nom nal out put. In the high-speed charging nethod
for secondary batteries of the present invention, as described above, it is
sufficient to at |east neasure the term nal voltage date of said secondary
battery, so that the anount of change in the termnal voltage data are
detected, and it is also possible to nmeasure the surface tenperature data
of said secondary
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battery, so that the change ratio in the surface tenperature i s detected.
In add{tion, in the present invention, it is also possible to nmake use of
bot h_ t'enper atwoes/osya and vol tage data to PCT/IP94/00651
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Fig.17
CHARGING VOLTAGE CHARACTERISTICS
OF A NICKEL-HYDROGEN BATTERY

ts=192 S, RATE=0.25C
5 9 1317 21 26 29 33 37 41 45 4953 57 61 65 69 73 77




- 13 - estimate the charge | evel. In the present invention, for
exarrplg the basic data reading tinme tb required for reading data is set to

0. 75_:$econd. w@uyhRsy || value L is set to 4, the charge rate poilpiitiosst
said’ "secondary battery is to be charged is set to 4,and constant
— 16/
eet Has Been Replaced 1
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Alis set to 16 In addition, at step (23) if the nunber of repetitions
Mis s€f to 8, said neasurenment data nount of change reading sanpling tine

(ts) ™Il be Wwoamegds and the tine required for 8 repetition
mesufenent data amount of change reading sanping tine (ts) wil Sﬁ,‘?{{"eﬂgg@o“l

seconds. " In the present invention therefore, in the actual exnple given
above, the measturenent of either valtage or tern- perature will require a
conmderabhg,s nt _time, and in such caseg it is also possible, instead
of repeatrn Rq&kated measur enent Ba anount of change readi ng
sanpling ti , to use individual “values of the anmount of
change [err to judge the charge |evel. That is, in the

chargi ng nethod of the present i nvention, in the case in which said
secondary battery has a con- siderable residual capacity, there is a
posibility that 100% charge |level will be reached in a short period of
tinme, and '

ts

Fig.19
CHARGING VOLTAGE CHARACTERISTICS
OF A NICKEL-HYDROGEN BATTERY

ts=84 S, RATE=1C
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.since if the charging is continued without noticing this, the tenperature
‘will rjSe, | eading to a danger of deterioration of the secondary battery,

to prevent-t 5 g9a9Eer . it is desirable to provide safety nmeasgpcg/sbunoss
addition to t asis charging nethod of the present invention. Anot 1her

specific exarrpl e of the present invention will be described, with reference
made to the floecharts of FIG 10 and FIG 11. While the flowharts of
FIG 10 and FrG—Ifare basically the sa s,the flowharts of FIG 7
t hrough FIG. %wh&hﬂgmw@plmegh speed cgg%gg met hod for secondary
ntlon t here
m‘ ment perfornmed at individual step. " That

batteries of th
met hod of cal cu IM _
is, in the spec own in FIG 7 through FIG 9, in performng

vol t age nesur emsnts for exanple,.said voltage data is totaled within the
measur enent data anount of change reading sanplig time (ts), so that in the

slight differences in the
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case of the c

harge | evel of. said secondary battery approaching 1%(\5% e 3-1

~pbecause the—v

oftageexhibits particularty small changes in a short period

of ti'mes, it Thﬁsﬁk%ﬁkaﬂsﬁbeln%eﬁi&e@ons'[ antly track the changes ct-eet~such. a

that, for eac
(ts), detecti

* condi tion, and A AERNt | nvention the, configuration :
?Jrl%% &MMﬁata anount of c]harge readi ng sgnp| TNyt~
. of how said voltage data is vdryj mgg SJWW’Z
;

if said voltage data varidtion ‘exhi bi tgegeo@eptieny! ar condi tfi gn,  shown

measur enent d
readi ng sanpl
judging the c
fl owmcharts at

ata at least 8 tinmes at the measurenent datalappunt of change

ing ti Mettcd ,foheatftrgpad ocpleaﬁgiﬂg 6§8NsBLoRELLPE
har gi n ndi tion. |G 10 and FIG 11 show “the
the,p%@&é??ﬁﬁ?rﬁﬂqcﬁﬂﬁifﬁ?P%r%E?Fﬁ A the other specific

exanpl e 05 the pres@BCHNEGAL i DTENHEr ei n because step (7) though step (20)

are the sane as intﬂﬁ?flomch rt,of FIGs. 7 and

fromFI G 10,
step (20) of

10

15

20

25

30

35

8, th itted
with thee HRETAr tYHRp Ry Wtﬁe}ﬁ*&eét ‘Eﬁs'tﬁggf’égégnggﬁtaé? 0

FicBax§ying of secondary batteries and, more specifically,
to a high-speed charging apparatus and high-speed
charging method for such_secoﬁdary batteries as
nickel-cadmium batteries, nickel-hydrogen batteries, and
lithium ion batteries.

The present invention is configured so as to enable,
with regard to nickel-cadmium, nickel-hydrogen (Ni/H2)
and lithium ion secondary batteries,_the monitoring of
the temperaﬁure and voltage of the battery during the
recharging process, and so as to stop said charging
process when these monitored parameters of either
temperature or temperature and voltage reach a particular
condition.

BACKGROUND ART

Secondary batteries (secondary cells) such as
Nickel-cadmium storage batteries, nickel-hydrogen
batteries, or lithium ion batteries can be recharged any
number of times during their useful lifetimes. It is
widely known by persons skilled in the art that this
recharging process must be performed under careful
control to minimize the damaging affects to the storage
battery. (For example refer to "Charging Storage
Batteries: Extending Useful Life", Bob Williams,
"Cellular Business" April, 1989, pp 44 to 49.)

At the beginning of secondary battery fecharging
technology, the process of recharging required as much as
a number of hours. As consumer products powered by
secondary batteries became morg and more common; there
arose a need for a system capable of’charéingitiheéé
measured in minutes rather than hours.

While it is possible to fast charge a secondary
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. FIG 10 and FIG 11, b Dn that is cal cul at ed Jand &ttonddl 19870
"the 2nd storage neans _ 20), a ealculation is perternrgd to
determne the difference [err]Dv (where [err]Dv=[err]Dvn-[¢rr]Dvn-1)
between the vol atge data Dvi-1 at the i medi ate previ ous afouri—of__change

T

r eadi ng sanplinBaPFﬁ§¥bstQ hrEvent ioreugosdble Hemagevmoatthehe tomagent
anount of changaafeaﬁlwgt_ﬁarrekbeggélB&tkérya&@charg%!gt peBckdss Beldl @
rmn e di

calculation is perforned in the sane manner to det erence
lerr]Dt (where PEFFPERefcWifhy RVERrRPEBNCAFShet UESF EHATPARpEREET &0dat a

Dtn-1 at the pregagdstanReBimaticHapaeNLeRalNgasaii BYthhR ks 1nang d he
tenperature data Din at the current_ anmount of change reading sanpling tinme

ts. Ater FRBORBOVE tBegSpptembes: 48901 Sofmiyg §ogiietsr Brusspdsr | Dv

(where ADv=[errBManke! " bR1ikhewhi AhNbyebRamuYy gf change in said
voltage data, is stored Into ngnopy IV (Vlerr]), and at step (123), said
difference ([err]Dt=FELPFDRRE] BRF] BRAWR) that & variety of systems have

been developed for the fast recharging of secondary
batteries. In these systems it has been standard to

10 monitor the voltage and/or temperature of the storage
battery being charged, and to interrupt or change the
charging current applied to the storage battery when the
temperature or voltage reaches a preestablished level.
Typical prior art is described in US patent 4,006,397

15 (Catotti et al).

Japanese patent publications Sho 62-23528 and Sho

62-23529 disclose a method for use in recharging of
secondary batteries such as nickel-cadmium batteries,
wherein the voltage waveform of the battery is observed

20 during charging, a2 numbex of deflection points appearing
in the wvoltage waveform being stored beforehand, and if
the stored deflection points occurred in a given
sequence, the charging process is interrupted. 1In this
method, however, it is required for each type of battery

25 to store beforehand the variations occurring in the
voltage waveform of that type of battery during the
charging process, and to change the stored contents
before charging to contents appropriate to the type of
battery to be recharged, not only making operation

30 complex, but giving no assurance, by reasons of the
charging environment and history of the battery, that the
voltage output waveform of the battery would follow in
sequence am amplitude the stored information, therebyu:

_ - REP, —
Note that in the f.ol ow ng t%ps K’Lzlgcégmd 121, the sane cal cul LA E’QENT SHEET
i ndi cated in stepp Zﬁls'sﬂimimr , mE carried out. Essgnt ail y,in ’

making it impossible to perform accurate charging and?’
35 recharging, making iffﬁifficult to perfqrm highQspeé&
charging without causing loss of battery performance.

In addition to nickel-cadmium, nickel-hydrogen and
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which is the ampunt of change in said tenperature data is stof &FPLACEMENT SHEET |
menory |1V (T[err]). ThiSShcetRliﬁ?eenﬁgl ¢ d specific exanple of tHe presemt———

i nventi on,

in particyl
detect the w dth of

il

d-to voltage data, it is des r?q|§UN0@g7

ring owerga short period gf ftime, -an

for that reason, at step (124), said difference [err]Dv is |ydged asberng
ei ther a non-zero positive value or not, and if the result ig_ YES
operation proceddshiumstiop bhtherdesweixdlstAls Seaariakp Flteries .

Essentially, what oc ;.S _t i £ _the di.fference in.the anount of change
in said vol tage dat aﬁ%?\i‘gzlﬁls’ﬁtéhsteﬁgg§§%rﬂpo§lea aBRY RSt ianate :
readi ng sanpl i n§ecPndagys bptaediklse And reepsinr e&:trEﬁﬂd_ ontleg amcaih o ag‘véylpfggge
readi ng sanplin ' (4%52housPeS Live ;Lhu.s indicates that said voltage
measur enent dat gult:gn?rslcrl §aé|°h3.,s g‘?lldtsf%%t #rsy tiaé'@e]e,s’t Y S5 YWhatte t hat
the char gé | eveWasi cridede faisdacharging pthasremta resleteidrell30 ¥hoae: tiiale,

const ant [err]stmighrggghggbgg 3 chapge N said vol tage neasurement nmeans

is reset to zero and_op

10

15

20

25

30

35

ation proceeds to step (127).
In the past, although in recharging what were called

rechargeable batteries or storage batteries for use in
their intended purposes, it was known that it was
desirable to make the chérging time as short as possible,
the limitations imposed by the rise in internal battery
temperature and internal pressure in the battery caused
by a chemical reaction within the secondary battery not
only lead to destruction of the cells, but also to a
deterioration of the electfical characteristics of the
cells, that is, the output characteristics and charging
characteristics, so that the method of charging by means
of a large current over a short period of time was not
used.

However, today the demand for secondary batteries is
increasing in a large of number of applications in
various industries, and in particular, there is a strong
demand for secondary batteries for use in applications
such as in environments in which machine tools are used,
in medical and other equipment for hospitals, and in
communications, such as in mobile telephones,
applications which not only require that batteries do not
run down during operation but also require fast or even
instantaneous recharging. .

If a graphical comparison is made of the
above-mentioned voltage and temperature variations with
respect to charge level during the charging of the
various types of secondary batteries mentioned above, it
can be seen that each type of battery exhibits unique
characteristics, as shown in FIG. 2 to FIG. 4&.

That is, the wvoltage and temperature characteristics
of a nickel-cadmium storage battery are as shown in FIG.
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On the ot her

hand, a NO result occurs at step (124), that is, BFP%MENT SHEET

vol tage data is elthé‘hls i ¢t onst ant, operation prodedds 1nstead
to step (125), at vv_hl said difference val ue [efr]ID2 4sJblcegy

to immedi ately prev10

stant-[gr] S and the val pe

pr eest abl i shed const ant value X |s subtracted fromthis, thejresult berng
t aken as the new val ue of constant [err] In this exanple._since the

val ue of [err]C ihectRitage and ?%m@ﬂ#atgr?hﬁhasépﬁerhétépﬁfeﬁence
[err] Dv and t henpflesesipdtb§dRUbattery are as shown in FIG. 3, and the

10

15

20

25

30

35

voltage and temperature characteristics of a lithium ion
battery are as shown in FIG. 4. |
For this reason, in the past, not only did the

- charging of any type of secondary battery require a long

period of time of at least one hour, but also it had the
problem of requiring a change of the charging method or
charging apparatus to suit the type of secondary battery,
making the only charging methods available troublesome,
time-consuming, and costly.

The purpose of the present invention is to improve
the above-described shortcomings of the prior art, and
to facilitate the recharging of secondary batteries, and
in particular nickel-cadmium, nickel-hydrogen, and
lithium ion secondary batteries, within an extremely
short period cf time of from several minutes to 20
minutes. Recharging at this extremely fast speed
increases the significance of a number of parametexs
which were not so significant in the relatively
slow-speed prior art recharging systems. However, it was
discovered that these parameters could be processed so as
to produce a recharging system which performs safe,
high-speed charging without damaging side-effects to the
storage battery being charged.

In the past, to charge secondary batteries which
consist of mutually differing technical elements, and
which have differing charging characteristics and
behavior, it was necessary to make available separate
chargers and to select the charger appropriate for
charging the type of secondary battery to be charged.

Therefore, the charger was something to be used only
for the charging of a particular type of secondary
battery, it being necessary to make available individual
chargers for individual secondary batteries, making the-
charging operation not only inconvenient, but troublesome
and complex as well. '
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Even for the same type of secondary batteries, if an
amount of charging current used in a charging operation,
which is generally represented by a charge rate C,
differ, the chargers would have to be provided

5 'separately, causing the problem of the need to have a
considerable number of charger types available.

However, with the demand for such secondary
batteries increasing, and with a diversification in the
fields and location in which secondary batteries are

10 used, there has arisen an increasing need for a charger
capable of use anywhere in charging any type of secondary
battery completely within a short period of time, for
applications requiring quick charging and immediate use
of secondary batteries, such as in mobile data

15 communications, mobile teléphone communications, and at
construction sites.

For this reason, the is a desire to have a single
charger not only capable of charging a secondary battery
of any type of construction, but also capable of charging

20 under any charging rate C conditions. However, until the
present, there has been no such practically usable
charger.

Therefore, the object of the present invention is to
improve on the defects described above, and provide a
25 single charger which is universally usable toc charge any
type of secondary battery in a short period of tlme under
any arbitrary charging rate C.
DISCLOSURE OF INVENTION
To solve the above-described problems, the present
30 invention has the following technical configuration.
Specifically, the first aspect of the method of
high-speed charging of secondary batteries of the present
invention is a method for charging secondary batteries
_comprising, a step 1 which sets the basic data reading
35 time tb required to read data, a step 2 which sets the
charging rate C, a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and
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constant Z are subtr t myedi atel y previous va| \RERLACEMENT SSHEET
AS I n additi on, ﬁﬁ“{ constant Z1s a counji
K171
45 LR

val ue such t hat', mhen _ nge in the differencelv
constapt-[err]S

it makes it appear ;as’ change~ and is set t
Z=2. Therefore, in thIS specific exanple when the vol
peak value, an said peak value is being nain- tained, sai
is actual |y suBtidcbesgicrdata readigng, timesthp 621d) coare

t o whet her salgegeﬂﬁ%aeiméeﬁélﬁéiﬁ%eﬂﬂikak%eﬁﬁskﬁist%”s Br@ﬁh§§§RﬁEShed

value of w, and if e resu 'S since It is pos e to a t hat
the charge | evERt®fCyha §§§Bn@aﬁ§l§httéer§Gaﬁh§0@%ﬁ6§lng pberesgoan of
10096operat|onugégcgﬁdap%ﬁoégggté1?5% 1§hﬁgpbgﬁs g@g&ggtggeratlon S

sopped That is, in speci f1c” exanpl e, sal ue wis set to,for
exanpl e, 5%, anBerBiRalcvaitage Qf §a2daﬁéc§§ﬂGnN'Pﬁ@ﬁéﬁaeavaﬂ&eSFepnpDv is

zero 3 tines C@ﬂﬁecﬁﬁtiﬁb)’eaéﬁfiéaﬁﬁ cbbrbbeed @atR0 hange ikt ol | Qe
sequence will ogccgu
which stores the voltage data at that time into an
appropriate lst memory means, a stép 5 which repeats the
operation of said step 4 a predetermined number of times
10 L, takes the summation of the plurality of voltage data

cbtained in each corrected data reading time tc, and

stores the resulting amount of change Dvn over the amount
of voltage data change reading sampling time ts (where
ts=Lxtc) into an appropriate 2nd memory means, a step 6

15 which calculates the difference between the amount of
change Dvl for the lst sampling time (tsl) and the amount
of change Dv2 for the next, 2nd, sampling time (ts2)
obtained in step 5, and which stores the resulting
difference in amount of change ADv in a 3rd memory means,

20 a2 step 7 which continuously repeats said step 6 a
predetermined number of times M, and which takes the
summation of each of the values of ADvl to ADVM (M
values) obtained at each amount of change reading
sampling time (ts), and determines the amount of voltage

25 data change ATDv for the overall said amount of change
reading sampling time t (where t=tsxM), the results being
stored in a 4th memory means, a step 8 which performs a
calculation, based on the amount of voltage data change
ATDv stored in said 4th memory means, to determine the

30 difference AHv between the voltage amount of change ATDv1
measured from over the first overall amount of change
reading sampling time tl established as running from said
lst sampling time (tsl) to the mth sampling time (tsM)
for the predetermined M-th sampling, and the wvoltage

35 amount of change ATDv2 measured from over the second
overall amount of change reading sampling time
‘established as running from said 2nd sampling time (ts2)
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After 1 ts _Jerr] %rr]D\/-Z:O-O-Z:-Z

ert] Dv. Z=. 2. 0- 22 4 REPLACEMENT SHEET

S'L

Aftr 2 ts THE EF”’

After 3 ts [ err] Dv-Z=-4-0-2=-6 Thus, the harz 8
operation wil} at the point at ghich the third UGN 1387

t he nessurenent data anDunt of change reading sanpling tine (tsl@Js made.

By way of providing an explanation with nore specific data ii, for exanple
the case in whith the bm-sl;:tlda&'angsmfb nﬂnhdanlftkﬁ-;-u_e;nggeghg reading data

thzeé gf ahrgﬁﬁﬁﬁgggzcond%ry ﬁgf%%rigmg ?%egeSEﬁﬁrﬁégcpzaE%? %Qgﬁgggggéng
sai d constant AH% (sthere AHV=ATDv2-ATDvl) being stored in a Sth memory
means, a step 9 which repeats said step 8 while
5 calculating the difference value AHvn (where
AHvN=ATDv(N+1)-ATDvn) between the amount of voltage
changes ATDvn and ATDv(n+l) at each pair of adjacent
overall amount of change sampling times tn and tn+l, and
stores the calculated results in 5th memory means, a step
10 10 which judges whether each of the m amounts of
differences in amount of voltage changes AHvl to AHvm
obtained continuously in said step 9 are positive (zero
or greater than zero) or negative (less than zero), and a
step 1l which judges, in the sequence of occurrence of
15 said differences in amount of voltage changes AHvl to
AHvm, whether or not said difference in amount of voltage
change AHv is zero or negative for a predetermined number
of S times continuously, and if said difference in amount
of voltage change AHv is zero or negative S times
20 continuously, stops said charging.

Additionally, the second aspect of the method of
high-speed charging of secondary batteries of the present
invention is a method for charging secondary batteries
comprising, a step 1 which sets the basic data reading °

25 time tb required to read data, a step 2 which sets the
charging rate C, a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and
said basic data reading time tb, said corrected data
reading time tc being characteristic to said charging

30 rate C, a step 4 which, during the charging operation,
uses an apprbpriate sampling means to measure the
temperature of said secondary battery at least one time
during each said corrected data reading time tc, and
which stores the temperature data at that time in an

35 appropriate lst memory means, a step 5 which repeats the
operation of said step 4 a predetermined number of times
L, takes the summatiod of the plurality of data obtained
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vol tage, [err t herespe eac surement data anount
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ts Battery \usimpagature datercﬂihge[n&a@fhg sampling time ts (where
égi 632 ts3 thc@)?’zl.ntg an appropriate 2nd memory means, a step 6
5 which calculates the difference between the amount of
change Dtl for the 1lst sampling time (tsl) and the amount
of change Dt2 for the next, 2nd, sampling time (ts2)
obtained in step 5, and which stores the resulting
difference in amount of change ADt in a 3rd memory means,
10 2 step 7 which continuously repeats said step 6 a
predetermined number of times M, and which takes the
summation of each of the values of ADtl to ADtM (M
values) obtained at each amount of change reading
sampling time (ts), and determines the amount of
15 temperature data change ATDt for the overall said amount
of temperature change reading sampling time t (where
=tsxM), the results being stored in a 4th memory means,
a step 8 which periorms a calculation, based on the
values of amount of temperature data change ATDt stored
20 in said 4th memory means, to determine the ratioc between
the temperature amount of change ATDtl measured from over
a first overall amount of change reading sampling time t1l
established as running from said lst sampling time (tsl)
to the sampling time (tsM) for the predetermined M-th
25 sampling, and the temperature amount of change ATDt2
measured from over a second overall amount of change
reading sampling time t2 established as running from said
2nd sampling time (ts2) to the sampling time (tsM+l) for
the predetermined M+l-th sampling, said calculated ratio
30 AHt (where AHt=ATDt2/ATDtl) being stored in a 5th memory
means, a step 9 which repeats the operations of said step
8 while calculating the ratio value AHtn .(where
AHtn=ATDt (N+1)/ATDtn) between the amount of temperature
changes ATDtn and ATDt(n+l) at each pair of adjacent
35 overall amount of change sampling times tn and tn+l, and
stores the calculated results in S5th memory means, a step
10 which jﬁdges from the information stored in said Sth
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stops said charging.

In addition, it is possible to think of the coupling
of the two above-described aspects of the present
invention of a high-speed secondary battery charging

10 method as a third aspect of the present invention.

Because the high-speed charging method for secondary
batteries of the present invention makes use of the
above-described basic technical configuration, even for
secondary batteries of diffgriﬁg types, in consideration

15 of the mutually differing charging characteristics
exhibited by the secondary batteries, such as terminal
voltage or temperature, it is possible to determine the
common characteristics of secondary batteries having
differing constituent elements, to accurate determine

20 point at which the charge level reaches nearly 100%,
enabling not only one and the same apparatus to be used
to reliably charge secondary batteries of differing
construction, but also enabling the accurate
determination of the charge level during the charging

25 process, the guick determination of the point at which
the charge level reaches a level of nearly 100%, and the
stopping of the charging process at that point, the
result being not only a reliable avoidance of the problem
encountered when the charging is continued even after the

30 charge level has exceeded 100%, thereby causing the
temperature of the secondary battery to rise above its
rated maximum temperature, leading to damage to said
secondary battery, but also a determination of the
characteristics of said secondary battery with respect to

35 the speed of charge, or charge rate, thereby enabling
charging of secondary batteries which are of the same
constituent elements at different chaige rates, further
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and if said dlff@ﬁ@@ndanythatﬁerrééw i s negative, operation proceeds to
step (130), at which t dﬁﬁy I ncremented by 1. after
which operation procgigééfl?% T@}id"f%ﬁ%ﬁ@ @t of this is that in
this specific exanpl e FI§ uddrent b]mdmdhaﬁraﬂﬂabhmmbﬁd@ tid any, said
difference yal ue cdngird ta| ot | nuo e sane
manner as in the previ c‘)'h%le 1o escrl spe 1T =% Pqﬂ“ﬁ Hb" siPeed
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consecutively, s3angepgqepdary battery is judged to have

FIG. 2 is a graph which shows the charging
characteristics of a nickel-cadmium battery.

10 | FIG. 3 is a graph which shows the charging
characteristics of a nickel-hydrogen battery.

FIG. 4 is a graph which shows the charging
characteristics of a lithium ion battery.
FIG. SI(A) is a drawing which shows a curve of

15 measurement data and the relationship of the sampling
interval p to the amount of change, and FIG. 5 (B) is a
drawing which shows the relationship of the measurement
data sampling period t and the measurement data amount of
change reading sampling time (ts) for the present

29 invention.

FIG. 6 (A) is a drawing which describes one example
of analysis of the voltadétﬁéasurement data and condition
of .change thereof in the present invention, and FIG. 6
(B) is a drawing which describes one example of analysis

25 of the temperature measurement data and condition of
change thereof in the present invention

FIG. 7 is a flowchart which shows one example of the
procedure in the case of executing the secondary battery
charging method of the present invention.

30 FIG. 8 is a flowchart which shows one example of the
procedure in the case of executing the secondary battery
charging method of the present invention.

FIG. 9 is a flowchart which shows one example of the
procedure in the case of executing the secondary battery

35 charging method of the present invention.

FIG. 10 is a flowchart which shows another example
of the procedure in the case of executing the secondary
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(124) through step (127),[err]Dv is zero, it is assuned that thet-nmegatrve
condition exists, even at said step (129), even if said voltage neasurenent
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nggfiggrgngeis zerpred 147 npt chigWCﬁgiéhaﬁicﬁhéﬁow%lEngeeggﬂg gdogs @
the procedure in the case of executing the secondary
battery charging method of the present invention.
5 FIG. 12 is a graph showing one example of the
voltage characteristics of a nickel-cadmium battery when
charged at 0.25C.
FIG. 13 is a graph showing the a graph of the
changes in the overall voltage amount of change ATDvn and

10 the counter value N when the charging of FIG. 12 is done.

—

FIG. 14 is a graph showing one example of the
temperature characteristics of a nickel-cadmium battery
when charged at 3C.

FIG. 15 is a graph showing one example of the

15 voltage characteristics of a nickel-cadmium battery when
charged at 3C.

FIG. 16 is a graph showing the a graph of the
changes in the overall voltage amount of change ATDvn and
the counter value N when the charging of FIG. 15 is done.

20 FiG. 17 is a graph showing one example of the
voltage characteristics of a nickel-hydrogen battery when
charged at 0.25C.

FIG. 18 is a graph showing the a graph of the
changes in the overall voltage amount of change ATDvn and

25 the counter value N when the charging of FIG. 17 is done.

FIG. 19 is a graph showing one example of the
voltage characteristics of a nickel-hydrogen battery when
‘charged at 1cC. . .

FIG. 20 is a graph showing the a graph of the

30 changes in the overall voltage amount of change ATDvn and
the counter value N when the charging of FIG. 19 is done.

Best Mode for Carrying Out the Invention ‘

The following is a detailed description, presented
with reference to.drawings, of concrete examples of the

35 method and apparatus high-speed charging of secondary
batteries of the present invention.

The background of why the inventors of the present
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invention employed the above-described technidad-

configuration in the method for high-speed charging of
secondary batteries of the present invention starts with
the inventors of the present invention making a thorough
analysis and investigation of the charging
characteristics of secondaﬁy batteries that have been
commercially available in the past, and making efforts to
determine, for the purposes of fulfilling the
above-described object of the present invention, the
desired form of a single apparatus and method for
performing high-speed charging of different types of
secondary batteries, for performing precise charging even
if the charging rate is varied with respect to said
secondary batteries of differing types, and further for
performing high-speed charging of said secondary
batteries of differing types.

The inventors, then, analyzed, the nicksl-cadmium
batteries, nickel-hydrogen batteries, and lithium ion
batteries, which were thought to be the important types
¢i those types commercially available in the past, the
result of this analysis being that in general for
nickel-cadmium batteries, as shown in FIG. 2, the
terminal voltage during charging continues a gradual
increase up to the point at which 100% charge level is
reached, at which point a peak voltage is reached, with
further charging causing a decrease in voltage.

When the temperature of a nickel-cadmium battery is
observed, there is a slight increase in temperature from
the start of charging to just before the 100% charge
level} and although the overall characteristics is
virtually flat with no extremely temperature increase,
except when the 100% charge level region is approached,
when there is a sudden increase in temperature.

In the case of nickel-hydrogén batteries, which is
shown in FIG. 3, the battery terminal voltage continues -
its gradual increase from the start of the charge until
the 100% charge level, and when the charge level reaches
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5 similar to a nickel-cadmium battery, gradually increase
from the start of charging to just before the 100% charge
level, and although the overall characteristics is

virtually flat with no extremely temperature increase,
except when the 100% charge level region is approached,

10 when there is a sudden increase in temperature.

In the case of yet another type of secondary
batteries, lithium ion batteries, as shown in FIG. 4, the
battery terminal voltage increasing approximately in
direct proportion to elapsed time, from the start of

15 charging to the 100% charge level, and when the 100%
charge level is reached, the voltage value exhibits the
peak value, after which subseguent charging results in no
further change in the battery-voltage, which maintains
the peak value.

20 The battery temperatures in the case of a lithium ion
secondary battery exhibits a gradual increase from the
start of charging, which, during the charging process,
changes to a gradual increase, until the 100% charge
level is reached, at which point the battery temperature

25 increases sharply as the same configuration as that of
the nickel-cadmium battery.

In an ideal secondary battery, the energy of the
current caused to flow in the battery until the 100%
charge level is reached is spent in the chemical reaction

30 required for charging, and is not converted to thermal
energy.

However, after approaching the 100% charge level,
the rate of said chemical reaction becomes slow, the
remaining energy being spent in a chemical reaction not

35 related to charging, and converted to thermal energy.

' Therefore, after the charge level reaches 100%, the
reaction contributing to charging does not occur
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perform ng the charging of said secondary battery, becausefit
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ultimately lead to the destruction of the battery.
If the charging operation is performed repeatedly,
the matter inside the battery which contributes to the
10 occurrence of the chemical reaction deteriorates, so that

h
o U e

p—p

it is not possible to store sufficient energy.

' Therefore, as described above, if charging is
continued even after the charge level reaches 100%, a
problem arises in that the deterioration of internal

15 matter in the battery is acéelerated, resulting in a
lifetime for the battery considerable shorter than the
intended life of the secondary battery.

For that reason, in the past, because of limitation
imposed because of the makeup and characteristics of

20 secondary batteries, said charging operation was only
possible by means of very limited methods, and it was not
possible to solve the problems cited above.

Charging methods in the past have included, for
example, the following.

25 (1) Charging with a minute (trickle) current (for
example, a current of 1/10 to 1/20 of the capacity of the
battery), and performing no control at the point at which
charging is completed. '

In this charging method, there is absolutely

30 not control of the current, and the charging time
generally ends in approximately 10 hours to 15 hours.

- For this reason, in this charging method, the
charging time becomes extremely long, and there is a
danger or overcharging.

35 (2) Charging with a small current (for example, a -
current of 1/3 to 1/10 of the capacity of the battery),
with the end of controlled as being after a
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some remaining capacity.

(3) Charging with a relatively large current (for
example, a current of 1/3 to 1/1 of the battery
capacity), and stopping the charging when the voltage

10 value of the battery being charged falls below a given
value (generally approximately 10 mV per cell).

The time for completion of the charging is
approximately 1 hour, and this is what is known as
relatively fast charging..

15 - In this charging method, while the charging
- time is relatively short, there is a great danger of
excessive current, and a large rise in temperature.

Additionally, in this method, it is impossible
to detect the completion of charging in batteries having

20 characteristics such as were described in FIG. 2 and FIG.
3. . : .

For this reason, in the present invention, in
consideration of the characteristics of a variety of
previous secondary battery types, characteristics

25 heretofore unknown, which are common to secondary
batteries are employed in achieving the above-stated
object of the present invention.

Specifically, in the high-speed charging method for
secondary batteries of the present invention, a method

30 and an apparatus for high-speed charging of secondary
batteries is provided which makes possible the reliable
- stopping of charging of any type of secondary battery at
a point in the charge level of 95% to 100%, charging at
current levels ranging from small-to large (for example,
35 equal to or greater than the capacity of the battery), -
and .in particular, high-speed charging, for example at a
charge rate of 2C in an extremely short period of time,
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reference made to Table _ e V-adé FIG 12 throughlFl h g%m.mﬁ?
Table | shows the case of usi ng the secondary battery chargin ‘
charging rata of % AWPLe IS RIS (He 183%1 ngs: t hé=pastc—data
reading time requifediat résTl 6o ais a ddsripid® SecOnd high-ssauier ||

val ue L=4, chargi.n rat
t% éﬁ éhod anésapparatus of the present invention,
with reference made to drawings.
5 FIG. 1 shows a block diagram of .one concrete example

of the configuration of the high~speed charging apparatus
for secondary batteries of the present invention, which
basically shows an apparatus for high-speed charging of
secondary batteries 1, comprising, a current-supplying

10 means 3 which supplies electrical current to the cells
of a secondary battery 2 requiring charging, a switch
means 5 provided between said current-supplying means 3
and terminal 4 of said secondary battery being charged, a
temperature measurement means 6 which measures the

15 temperature of said cells of said secondary battery 2, a
voltage measurement means 7 which measures the terminal
voltage of said secondary battery, a sampling means 8
which operates said temperaturs-measurement means 6
and/or said voltage measurement means 7 to measure the

20 temperaturs and/cr the vecltage of said cells of said
secondary battery 2 with the desired sampling interval, a
storage device 30 which stores each of the data sampled
by said sampling means 8, and which executes the required
calculations on said stored data, storing the results in

25 a separate memory means, a charging-control means 9 which
is connected to said sampling means and controls said
switch means 5, a charging rate setting means 10 which
sets the charging rate C, a basic data reading timing
generator means ll which, based on the charging rate C

30 set by said charging rate setting means 10, generates the
predetermined basic data reading time tb, a corrected
data reading time setting means 12 which, set the
corrected data reading time tc, the value of which is
characteristic to said charging rate C, an amount of data

35 change reading sampling time setting means 13 which
multiplies the corrected data reading time tc by a
preestablished value L to set the temperature data amount
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time setting means 14 which multiplies said data amount
of change reading sampling time ts by a preestablished
value M to set the overall sampling time t, a 1lst memory
means 15 which stores the wvalues of temperature data dtn
measured each said corrected data reading time tc, a 2nd

‘memory means 16 which stores the data Dtn which is the

summation of the L values of temperature data dtn stored
in said 1lst memory means 15, a 3rd memory means 17 which,
from the data Dtn stored in said 2nd memory means, stores
the difference ADt between data Dt(n-1) measured at the
previous amount of change reading sampling time ts and
data Dtn measured at the current amount of change reading
sampling time ts+l, this difference value being ADt
(where ADt=Dtn-Dt(n-1)), a 4th memory means 18 which
stores the amount of temperature data change ATDt
obtained by taking the summation of each of the M amounts
of temperature data obtained at each amount of change
reading sampling time (ts) in the overall amount of
change reading sampling time t (where t=tsxM) obtained by
repeating said amount of change reading sampling time
(ts) M the required number of M times, a 5th memory means
19(A) which, with regard to the temperéture data amount
of change ATDt stored in said 4th memory means 18, stores
the change ratio AHt calculated between the amount of
temperature data change ATDtn at the 1lst overall amount
of change reading sampling time tn and the amount of
temperature data change ATDt(n+l) at the 2nd overall
amount of change reading sampling time tn+l, which is
formed by shifting the time by one amount oflchange
reading sampling time (ts), said change ratio being AHt
(where AHt=ATDt(n+1)/ATDtn), a lst judgment means 22
which compares said temperature change ratio AHt which
are stored in said 5th ﬂemory means 19(A) between said
amounts of tem@erature change with a preestablished
reference value K, and if said change ratio AHtm between
said amounts of temperature change exceeds said reference
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output of saidofethefeRRSuhe’ 6k MhhsgéCtR@ading sampling time tn and the

amount of temperature data change ATDv(n+l) at the 2nd
overall amcunt of change reading sampling time tn+l,
which is formed by shifting the time'by one amount of

10 change reading sampling time (ts), said difference being
AHvm (where AHvm=Hv(m+l)-Hvm), a 2nd judgment means 23
which, with regard to each the m values of voltage data
amounts of change differences AHv1 to AHvm stored
continuously in said 6th memory means 19(B), makes a

15 judgment as to whether the values are positive (zero or
larger) or negative (less than zero), and which performs
said judgment processing in the sequence of occurrence of
said voltage data amount of change differences AHvl to

AHvm, and if said voltage data amount of change

20 difference AZv is a negative value a preestablished
number of times S or more continuously, output s signal
which stops said charging operation, and a processing
means 24 which processes each of the individual data
stored by each of said means, and a central processing

25 means 25 which controls the operation of each said means.

In the present invention, one and the same

high-speed secondary battery charging apparatus is
capable of performing high~speed charging of, as
described above, nickel-cadmium batteries, a

30 nickel-hydrogen batteries, or a lithium ion batteries.

' One of the characteristics of the present invention
is that, for the purpose of performing precise,
high-speed charging of any secondary battery, a
comprehensive study of the characteristics of said

35 secondary batteries was made, and the configuration was-
made so as to enable accurate and gquick detection of
changes in characteristics values of said secondary
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batteries, -enabling not only reliable detectizHsrTim——
point at which said secondary batteries reach a condition

in which they are as close as can be to the 100% charge

level, but also stopping of the charging process at that
point, and to enable this performance, the present

invention is configured to perform measurement of voltage
data and/or voltage data of said secondary batteries.at

an extremely short interval, the results. of these

measurements being used to effectively determine the

charging condition of said secondary batteries.

More specifically, in the charging operation
performed by the present invention, in order to make a
judgment of whether or not the charge level of 100% or
the 100% region has been reached, regardless of which
type of secondary battery is being charged, as shown in
FIG. 2 through FIG. 4, it is appropriate to detect the
point of the occurrence of a peak value in the voltage
data, or, in the temperature data, to detect the point at
which the temperature rises at a sudden high rate.

For example, in measuring voltage data, as shown in
FIG. 5 (A), with previous methods, to make the amount of
data change Aa large, it is necessary to make the
sampling interval p a somewhat long interval.

However, in charging, if the sampling intexval p is
long, as shown in FIG. 5 (A), there is the problem of
losing the opportunity of detecting the peak in the
voltage data, thus making it impossible to detect the
proper time to stop charging.

On the other hand, if the sampling interval p is
made short, the cost of reading the amounts of data
change Aa becomes very high, making it impossible to
implement an economic system. . )

For this reason, in the present invention, the basic
data reading time tb required to read data is set, a
corrected data reading time tc, which is characteristic-

to the charging rate C is set based on that time and the

charging rate, the terminal voltage of said battery
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one time each within said corrected data reading time tc,
these operations being repeated a preestablished number
of times L, the voltage data and/or temperature data from
5 which operations are summed separately, the summed data
being taken as the variable Dn with respect to the amount
of data change reading sampling time ts (where ts=Lxtc).
Refer to the graph of FIG. 5 (B). .
By virtue of these operations, the apparent accuracy
10 of the measured voltage data and/or temperature data is
thus multiplied by L.
A 3rd memory means 17 which, from the data Dtn
stored in said 2nd memory means, stores the difference

between data Dt({n-1) measured at the previous amount of

15 change reading sampling time ts and data Dtn measured at
the current amount of change reading sampling time ts+1,
this difference value being AD (where AD=Dtn-D(n-1));

Next, in the présent invention, the difference

between the variable Dn at said amount of data change

20 reading sampling time ts (where ts=Lxtc) and the variable
D(n-1) at said previous amount of data change reading
sampling time ts is determined as AD (where
AD=Dtn-D(n-1)), the results being sequentially stored in
3rd memory means 17.

25 Subsequently, these operations are repeated a
preestablished number of times M, the total, as shown in
FIG. 5 (B), being taken as the amount of voltage data
and/or temperature data change ATD for the overall said
amount of change reading sampling time t (where t=tsxM).

30 _ After that, as shown in FIG. 5 (B), the overall said
amount of change reading sampling time t and said data
amount of change reading sampling time ts are each
shifted by one at a time, as the amount of temperature
data and/or voltage data change ATD1 to ATDm for

35 respective overall amount of change reading sampling
times tl to tm is determined.

Therefore, ultimatély in the present invention, the
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operatlon 's Sthgo, because the range obtained by shifting said overall

amount of change reading sampling time (ts) is shifted
one at a time is set, so that said voltage data and/or .

10 temperature data amount of change ATD is obtained at an
interval which is said amount of change reading sampling
time (ts), it is possible to obtain the large amount of
change data ATD which is sampled at the relatively long
interval of the overall amount of change reading sampling

15 time t, within the relative short time which is the
amount of data change sampling time (ts), it is possible
to determine at a short sampling interval whether or not
to stop charging, resultxng in a detailed and precise
charging operation.

20 In addition, in the present invention, for the
purpose of performing high~speed charging, and in
consideration of the fact that said secondary batteries
of differing types are used, the measurement conditions
are changed, the configuration is made such that,.

25 according to the the speed of charging, or what is
normally called the charging rate, so that high or low
charging speeds can be employed to obtain the optimum
charging operation.’

The apparatus for high-speed charging of secondary

30 batteries 1 of the present invention, is provided with a
switch means 5 which is connected between the terminal 4
of the secondary battery being charged and the
current-supplying means 3 for the purpose of supplying
charging current to a secoﬁdary battery 2 requiring

35 charging, said switch means S being controlled by said -
charging-control means 9, so that the current from said
current-supplying means 3 is on and off controlled.
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rom said current-supplying means 3 to said secondary

battery 2 of said secondary battery, and when the charge
5 level of said secondary battery reaches 100% or when, as

described later, a condition is detected which indicates.

that said secondary battery is approaching the 100% |

charge level, said switch means 5 is switched off, and

the current from said current-supplying means 3 to said
10 secondary battery 2 is cut off.

In the present invention, as described later, when
measuring voltage and/or temperature at each sampling
time, it is desirable to make the measurement with said
charging current cut off, and in this case, when

15  measuring the above-stated aata, intermittent drive is
used, so that said switch means 5 is cut off in
synchronization with the sampling signal of said sampling
times.

In addition, from the measurement results of each of

20 said data, when a measured data is detected which is
outside the range of normally allowed values, it is also
possible to turn said switch means 5 off, so that the
charging operation is stopped.

The reason for this is that, in the present

25 invention, in measuring the above-stated voltage and/or
temperature, if a measurement is made with the charging
current flowing from said current-supplying means 3 to
said secondary battery 2, because there will not be a
uniform reaction occurring within the battery, the

30 voltage value will include an error, making the
acquisition of accurate measurement data impossible.

As described above, when a measurement is performed
while charging current is flowing, it is impossible to
avoid contact resistance between said secondary battery

35 and the charging apparatus, so that, for example, a
voltage drop will develop across the contact resistance
due to the charging current, this also making it
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battery in an extremely short period of time, and to
analyze the results of these measurements, making
judgments as to whether or not the secondary battery has
reached a charge level of 100% or the region near 100% as
it tracks the minute variations of secondary battery
characteristic values.

Furthermore, in the present invention, the
configuration is such that even if the charging rate C,
which is a charging condition, is varied, it is possible
to complete precise charging in a short period of time.

For this reason, in the apparatus for high-speed
charging of secondary batteries 1 of the present
invention, there is provided a charging rate setting
means 10, for the purpose of adjusting the speed of
charging, that is the charging rate C, to the
characteristics charging rate of the secondary battery to
be charged.

By virtue of the above, it is possible to set the
sampling period for measurement during the charging
operation to a value that is optimized with respect to
the charging rate C for said secondary battery..

In the apparatus for high-speed charging of
secondary batteries 1 of the present invention, there is
provided as part of the circuit configuration a basic
data reading timing generator means 11 which sets the
basic data reading time tb, the basic.data reading time
tb generated by said basic data reading timing generator
means ll being adjusted by corrected data reading time
setting means 12, based on the charging rate C set by
said charging rate setting means 10, so that the
corrected data reading time tc is characteristic to the-
charge rate C of said secondary battery.

In this case, the corrected data reading time tc,
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- tc=tbxA/C (where A is a constant).

The above constant A can be set as appropriate, for
5 example, as a positive integer such as 186.

In the present invention, during the charging of the
battery, the battery terminal voltage or battery
temperature is measured by means of said sampling means 8
at least one time during said corrected reading time tc,

10 the voltage data or temperature data d at that point

' being separately stored in an appropriate lst memory
means 15, said measurement operations being repeated
continuously a preestablished number of times L, with the
§lurality of voltage data obtained at each of the

15 corrected reading times tc being summed, the amount of
change Dn in the resulting voltage data or temperature
data at the amount of change sampling time ts (where
ts=thc), for example Dvn and Dtn, being stored in an
appropriate 2nd memory means 16.

20 Next, in the present invention the difference
between the amount of change D1 at the lst sampling time
(tsl), which was stored in the 2nd memory means 16 and
the amount of change D2 at the next, 2nd, sampling time
(ts2), which was stored in said 2nd memory means 16 is

25 determined by calculation, the results being the
differences in amount of change AD, which are stored in
3rd memoxry means 17.

In the present invention, during a preestablished
period, which is the overall amount of data change

30 reading sampling time t, these operations are repeated
continuously a preestablished M number of times, with the
overall amount of data change reading sampling time t
expressed as t=txxM.

In the present invention, the measured values of

35 data AD1 to ADM obtained by performing repeated
continuous measurements during said amount of data change
reading sampling time are summed, the amount of voltage
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settings: 5 Because subsequent operation differs slightly

between voltage data and temperature data, the operation
for voltage data will be described first.
First, using the amount of voltage data change ATDv
which was stored in said 4th memory means 18, the
10 difference between the voltage amount of change ATDv1
measured from over the said overall amount of change
reading sampling time established as running from said
lst sampling time (tsl) to the sampling time (tsM) for
the M-th sampling, and the voltage amount of change ATDv2
15 measured from over the overall amount of change reading
sampling time established as running from said 2nd
sampling time (ts2) to the sampling time (tsM+l1l) for the
M+l-th sampling is determined by calculation, said
- calculated difference AHv being stored in a 5th memoxy
20 means.

These operations are performed continuously, and a
general description of the above operafions is that, with
respect to the measured amount of voltage change ATDvn at
a given overall amount of voltage data change reading

25 sampling time tn, said amount of change reading sampling
time (ts) is shifted one at a time, while continuous
repeated calculation is performed of the amount of
voltage changes ATDvn to ATDv(n+x) at said overall amount
of change sampling reading times t(n+l) to t(n+x), which

30 are derived constantly by summing M of said amount of
change reading sampling times (ts), and, similar to as
described previously, these are stored in said 4th memory
means 18, while the amount of voltage changes ATDvn and
ATDv(n+l) occurring at adjacent overall amount of change

35 reading sampling times tn and t(n+l) are used to
calculate the difference value AHvn (where
AHM=ATDv(n+1)-ATDvn), this being stored in 6th memory
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means 19(B). )

With respect to the m continuously obgained values

of amount of voltage change differences AHvl to AHvm, a
judgment is made by 2nd judgment means 23 as to whether a
value is positive (zero or greater) or negative (less
than zero), and said 2nd judgment means 23 further
executes a judgment processing in the sequence of
occurrence of said amount of woltage change differences
AHvl to AHvm, to make a judgment as to whether or not at
least a preestablished number of continuous values of
said amount of voltage change difference AHv is or is not
negative, and if S continuous wvalues of said amount of
voltage change difference AHv are negative, a judgment is
made that said secondary battery has reached the 100%
charge level or is in the 100% charge level region, and a
signal is output for the purpose of stopping said
charging operation, which causes said charging-control
means 9 to operate to turn switch means 5 off, and stop
the charging operation with respect to said secondary
battery.

Essentially, as shown in FIG. 6A, when an appfoach
is made to the fully charged condition, the rising curve
of said voltage data becomes gradual, and the
above-mentioned difference becomes either zero or
negative.

Then, in the case in which said difference value is

either zero or negative, an appropriate counter value is

advanced by 1, and when said counter value reaches a
given value of, for example, 3, said charging operation
is stopped.

What this means is that with the method of stopping
the charging as described above in the present invention,
if the difference between the previous value of voltage

" of the secondary battery and the current wvalue of voltage
of the secondary battery is either zero or negative for-3

times in a row, it will be assumed that the secondary
battery has reached a 100% charge level, and the charging

REPLACED
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operation will be stopped.
In the case of measuring the surface temperature of

the secondary battery, of the temperature data amount of
change values ATDt stored in said 4th memory means 18, a

5 calculation is performed to determine the change ratic
between the temperature data amount of change ATDtn at
the 1lst overall amount of change reading sampling time tn
and the 2nd overall amount of change reading sampling
time t(n+l), which is formed by shifting by said amount

10 of change reading sampling time (ts) at a time, this
change ratio of AHt (where AHt=ATDt(n+1)/ATDtn) being
stored in 5th memory means 19(A).

Subsequently, said change ratio AHt between amounts
of temperature change is compared by lst judgment means

15 22 with a preestablished reference value K, and if said
change ratio AHt between amounts of temperature change
exceeds said reference value K, a signal is output from
1st judgment means 22 for the purpose of stopping said
charging operation.

20 Thus, as shown in FIG. 6B, in the region of full
charge, since in the rising curve of measured
temperatures of the secondary battery suddenly increases,
the ratios of ATDt(n+l) and ATDtn for each amount of
change reading sampling time (ts) is- taken, and if said

25 ratio is greater than a preestablished reference value K,
it is assumed that said secondary battery has reached
100% charge level, and the chérging operation is stopped.

In said 1st judgment means 22, if said change ratio
AHt between amounts of temperature change differences

30 exceeds a preestablished reference value K, the judgment
will be made that said secondary battery has reached 100%
charge level or the 100% charge level region, and a
signal will be output for the purpose of stopping said
charging operation, the result being that said

35 'charging-control means 9 is operated to turn said switch
means 5 off, thereby stopping the charging operation of
said secondary battery.
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of time ®ith chRgEecdeved hasd neaghed: ildld%or the 100% region, and the
method of measuring the temperature of said secondary
battery during charging and stopping the charging
operation if the judgment is made that the charge level
has reached 100% or the 100% region were described
10 separately, in the present invention it is possible to
combine these two methods, thereby enabling a more
accurate determination of the charge level.
Additionally, in the present invention, altﬁough the
basic method is when measuring voltage data, to measure
15 the voltage data measured &t each amount of change
reading sampling time (ts), repeating this M times,
thereby accumulating the overall data value during the
overall sampling period t (tsxM), using the results to
observe the change of said voltage data, in the charging
20 of a secondary battery, when the charge level of said
secondary battery is 100% oxr is in the 100% region, the
change in temperature becomes very gradual, so that if
the sampling period is made long, it is possible to, for
example, detect the peak value on the temperature
25 variation graph, or to accurately and quickly detect such
conditions as a dropoff from the peak value, or in
addition, the condition in which there is no change from
the peak value over a given period of time.
For this reason, in the high-speed charging method
30 for secondary batteries of the present invention, another
possible form is that in which, every time a wvoltage data

(0

at

amount of change ATDvn is measured each said amount of
change reading sampling time (ts), a difference between
that value and the previously determined voltage data

35 “amount of change ATDv(n-1) is determined, a determination
is made as to whether thaﬁ value is either zero or

positive or zero, and if the value is positive, a counter
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zero, but if the value is negatlve, the current said

counter value AS is incremented by 1, or a value
corresponding to said negative value is added to the A4S,
and if the resulting sum exceeds the preestablished upper
limit value W, the charging operation with regard to said
secondary battery is stopped.

In the case in which said difference amount is zero,
it is possible, for example, to forcibly add a
preestablished negative constant Z (for example -2) to
said counter value AS, so that if the difference value is
zero, indicating that the voltage data curve is not
changing, it is treated as if it were a negative value
for the purposes of processing.

Next, one concrete example of the operating
procedure for the high-speed charging method for
secondary battery of the present invention will be
described, with references made to the flowcharts of FIG.
7 through FIG. 9. _

FIG. 7 through FIG. 9 are flowcharts that explain
the operation of one specific example of the high-speed
charging method for secondary batteries of the present
invention. First, at step (1), the basic data reading
time tb required to read data is set, operation
proceeding to step (2), at which the charging rate C
which is a rated value suitable for executing charging
with respect to said secondary battery.

In the present invention, in addition to being able

' to charge secondary batteries having individually

differing constructions, there being secondary batteries
of the same type but having differing charging rates, it
is possible to also, in accordance with the charging rate
that is indicated as a specification, by executing
sampling of the ideal measurement values, to collect
precise data, enabling accurate and high-speed charging-.
Next, operation proceeds to step (3), at which the
corrected data reading time tc, which is characteristic
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set charging rate C and said basic data reading time tb.

Then, at step (4), since in the case in which the
measured voltage value amount of change is either zero or
negative a preestablished number of times, for example P,
in a row, the judgment is made that said secondary
battery being charged has reached the 100% charge level
or the region of 100% charge level, and said charging
operation is stopped, if this occurs, at this step the
preestablished value of P is set into the counter I,
which counts down.

At step (5), in order to repeat the sampling
operation every corrected data reading time tc, which
value is characteristics to the charging rate C, for
example L times, said preeétablished number of times L is
set into counter II, which controls said number of
repetitions.

Next, operation proceeds to step (6), at which the
time data corresponding to the corrected data reading
time, which is characteristics to the charging rate and
which is set at step (3), is set into counter II.

After this, at step (7), when measuring the voltage
and temperature data of the secondary battery being
charged, for the reason described previously, the supply
of current to charging said secondary battery is cut off
at the instant of the data measurement.

As described previously, the charging current at the
time of these data measurements is cut off by turning the
switch means 5 which comprises the transistor in FIG. 1
to off.

After that, at séep (8), the terminal voltage (dv)
of said secondary battery being charged is measured, and
at step (9), the results are stored into 1lst memory.means
15, that is, in memory I. '

In the same manner, at step (10), the surface
temperature (dt) of said secondary battery being charged
is measured, and at step (13), the results are stored
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5 restart the charging operation, after which at step (13)

a judgment is made as to whether or not either the

voltage value or the temperature value just measured
exceeds the preestablished data limit value, and if said
measured data does exceed said limit value, the judgment

10 is made that an abnormal condition has occurred in the

"secondary battery being charged, and said charging
operation is stopped.

If, however, both the voltage value and the
temperature value just measured are judged normal at step

15 (13), operation proceeds to step (14), at which the set
value of counter III is decremented by 1, and operation
proceeds to step (15), at which a2 judgment is made as to
whether or not the value of said counter III is zero, and
if it is not zero, a wait is made until the value of

20 counter III is zero, that is, until the corrected data'
reading time tc has elapsed, and after a verification is
made that the value of said counter III is zero,
operation proceeds to step (16), at which the values of
voltage data dv and temperature data dt obtained from the

25 measurement just mad are added to the respective wvalues
of voltage data dv and temperature data dt obtained at
the immediately previous measurement, the results being
cumulatively stored separately into said lst memory means
15.

30 Next, operation proceeds to step (17), at which 1 is
subtracted from the setting walue L of counter II, and
operation proceeds to step (18), where a judgment is made
as to whether or not the setting value L of said counter
II is zero.

35 Thus, in the present invention, while voltage data.
and temperature data are measured at least one time
during said corrected data reading time tc, the
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amount of change reading sampling time (ts), a
preestablished number of times, that is, L, which causes
5 repetition of said measurements, said value of L being
arbitrarily settable.

Therefore, at step (18), if the setting value L of
said counter II is not zero, it means that the regquired
number of measurements has not yet been reached, so that

10 return is made to step (6), at which the above-mentioned
steps are repeated.

- If, however, at step (18), the setting value L of
said counter II is zero, this means that the required
number of measurements has been reached, so that

15 operation proceeds to step le), at which a calculation
is performed to determine the sums, Dvn and Dtn, of the
voltage and temperature data values that had been stored
into lst memory means 15 L times each corrected data
reading time tc, these results being stored separately

20 into 2nd memory means 16 (memory II).

Next, at step (20), using the data that had been
stored into said 2nd memory means 16, the differences
between the values Dv(n-1) and Dt(n-1) stored into memory
II the immediately previous measurement and the values

25 . Dvn and Dtn of the current measurement, that is, the
amounts of change between the data measured at the
current measurement data amount of change reading
sampling time (ts) and the data measured at the
immediately previous measurement data amount of change

30 reading sampling time (ts-l1) are calculated, at the step
(21) the resulting ADv and ATt are stored separately into
said 3rd memory means 17 (memory III).

- After this, at step (22), using the data ADv and ADt
which had been individually cumulatively stored into 3xd

35 memory means 17, said amount of change data ADv and ADt -
obtained at the current measurement data amount of change
reading time (tsl) are added respectively to the amounts
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charging of a refvdhamgofdses s inddtdervhet NemB8acKeLly previous
measurement data amount of change reading time (ts0), the
results of ATDv and ATDt being stored separately into 4th
memory means 18 (memory IV).

5 At this step (22), said measurement data amount of
change reading sampling time (ts) is set a number of
times, for example M times, and the accumulated sum of
the amount of change data values obtained at each of the
sampling times (tsn) is calculated.

10 For this reason, at step (23), a judgment is made as
to whether or not the total number of data stored in said
4th memory means 18 (memory IV) is a preestablished
number, for example M, and if the result of this Judgment
is NO, the judgment is made that the measurement data

15 amount of change reading sampllng time (ts) has not been
repeated the preestablished number of times M, and return
is made to step (5), after which step the above steps are
repeated. '

If, however, the result of step (23) is YES,

20 operation proceeds to step (24), at which a calculation
is made, with regard to the measured voltage data, from
the overall amount of change data which had been stored
into said 4th memory means 18, to determine the
difference value AHv (where AHv=ATDv(n-1)-ATDvn) between

25 the amount of change from the immediately previous
measurement data, that is, the overall amount of data
change'ATDvn, which is based on the M data measurements
at said measurement data amount of change reading
sampling times (tsl) to (ﬁsm),-and the amount of change

30 from the current measurement data, that is, the overall
amount of change ATDv(n-1), which is based on the M data
measurements of said measurement data amount of change
reading sampling times (ts0) to (tsM-1), and at which
also a calculation is made, with regard to the measured

35 temperature data, from the overall amount of change data
which had been stored into said 4th memory means 18, to
determine the change ratio value AHt (where
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AHt=ATDt (n-1)/ATDtn) between the amount of change from
the immediately previous measurement data, that is the
overall amount of data change ATDtn, which is based on
the M data measurements at said measurement data amount
5 of change reading sampling times (tsl) to (tsm) and the
amount of change from the current measurement data, that
is the overall amount of data change ATDtn-1, which is
based on the M data measurements of said measurement data
amount of change reading sampling times (ts0) to (tsM-1),
10 the results, AHv and AHt, of said calculations being
stored, respectively, in 6th memory means 19(B) (memory
VI) and Sth memory means 19(A) (memory V). '
After that, at step (26), a judgment is made as to
whether or not measurement data is wvoltage data, and if
15 the result is NO, operation proceeds to step (27), at
" which, as shown in FIG. 6B, a judgment is made as to
whether or not said overall amount of change, AEt, of
said measurament data is larger than a preestablished
value, for example the value X, and if the result is YES,
20 operation proceeds to step (28). |
Thus, the overall sum of said temperature data
amounts of change ATDtn over the M times of measurement
data amount of change reading sampling time (tsl) to
(tsM) is shift one said measurement data amount of change
25 reading sampling time (ts) at a time, and if the change
ratio with respect to the overall sum said temperature
data amounts of change ATDt(n+l) over the M times of
measurement data amount of change reading sampling time
{ts2) to (tsM+l) is large, indicating that the rate of
30 rise of said temperature measurement data has increased
over a short period of time, the judgment is made that
said secondary battery being charged has reached the 100%
charge level or the region of the 100% charge lewvel, and
the charging operation is stopped at this point.
35 '~ The preestablished value K can be set as desired,
and in the present invention, it is set as a value of,
for example, 2 or greater.




hydrogen battery, at ts78, which is_in glperiod of time

seconds. FIG 19 andhiffhest R graphs that corr ond @h‘ébﬁsSHﬁé‘f .
above-di scussed FIG 12 1ml | Iu Because the hi gh-s%d&c arging | §
4‘ { S A

nmet hod for secondary batt resgyg 4 nvention uﬁ_fiﬁﬂ e

above- described technical configuration, even for secon arih
differing types, in consideration of the nutually dif- f
characteristics exhiThaedidy imetlseqmureseytbahirentesn,sd

voltage or te r ided S posgibl rhine_the conmpn
characteristi ggf o@{%%g%}ﬁc}‘;% bgt téé*be% %%%?ﬁégﬁi’f g&F%ﬁﬁY cBns®M¥uent
el ements, to ackanfigurktiom) nbn pchetcasewhncwhibh thar ghakeeeleireaches

nearly 100% EHgggﬂéE%éggcé%%yl@@g &Pdt%$$¥§gggna89aé?bgs ta be usgglgge

reliably charge secon terl es of g constriét PonT*GEES
enabl i ng fhe ackifittkevel ereimee i tine afieaseredatgmperaturdudatg rheechdr gi ng

PLoces o 1o, e AT ReRly | AEGROLEL BEVRUE] LORIGT SRR,
that point, thef? &aWapkeingtaovfonigea ERiFappadition is detected,
enabling detection the reaching of the 100% level or the
region of 100% charge level, or the exceeding of the 100%
10 charge level.

If at step (27) the judgments result is NO,
operation proceeds to step (29), at which, for the
purpose of determining the overall amount temperature
measurement data amount of change, ATDt(n+2) for the M

15 temperature data over the measurement data amount of
change reading sampling time (ts3) to (tsM+2) by shifting
said measurement data amount of change reading sampling
time (ts) one at a time, after first deleting the first
of the M temperature measurement data currently stored in

20 memoxry V, return is made to step (23), after which the
above operations are répeated.

At step (28), if the result was YES, the operation
proceeds to step (30), at which a judgment is made as to
whether the change in said overall voltage data amount of

25 change, that is AHv, is zero or negative less than zero,
and if the result was YES, operation proceeds to step
(31), at which the setting value P of counter I is
decremented by 1, and then to step (32), at which a
judgment is made as to whether the setting value P of

30 said counter is P, and if the result is YES, operation
proceeds to step (28), at which the charging operation is
stopped. When the result was NO at step (32), return is
made to step (7), after which the above operations are
repeated. _

35 : Thus, in the present invention, as shown in FIG. 2.
through FIG. 4, for a secondary battery of any
configuration, if the charge level reaches 100% or the
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g P 9ud8ment is made as to whether the overall change in the

amount of change, that is, the difference amount AHv is
zero or negative, and further a determination of whether

10 the difference value AHv has been zero or negative for P
times in a row, and if so, the judgment is made that said
secondary battery has reached the charge level of 100% or
the region of charge level 100%, and the charging
operation is then stopped. |

15 - In the present invention, the setting value P of
said counter I can be established arbitrarily as desired,
for example it can be set to a P value of 3.

Thexefore, in this case, although if said difference

amount AHv is zero or negative for 3 times in a row, the

20 judgment is made that the charge level of said sscondary
battery has reached 100% or has reached the 100% region,
and the charging operation will be stopped, if in any 3
consecutive measurements the difference walue AHv is
positive even one time, the setting value of said counter

25 I is reset to the original setting value P and the
above-stated judgment is repeated.

On the other hand, at step (30), if the result was
NO, in step (33) the setting value of counter I is reset
to P, and operation returns to step (4), and thereafter

30 each of the above-stated steps is repeated. _

While in the above-described specific example of the
present inventioh, said count I is set to an initial
value of P, and counts down sequentially, in accordance
with the result of measurements, so that when the setting

35 value P is 0 the judgment is made that the charge level.
of the secondary battery is 100%, it is also possible to
reverse this, by setting said counter I to an initial
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value of 0 and having said counter count ép Sequentially
according to the results of measurements, and when the

setting value of said counter I reached a preestablished
value of P, to make the judgment that the charge level of
5 the secondary battery is 100%.

However, in either of the above-described methods,
during charging, there is a danger that the charging
operation will be stopped if for some reason the
variation in the difference values of said data is zero

10 or negative three times consecutively, even at a point at
which the charge level is not that high, so that to solve
this problem, in the present invention, since the output
voltage of the various secondary batteries in the region
of 100% is known beforehand, it is desirable to make the

15 configuration such that the'output voltage of said
secondary battery is constantly measured and the results
monitored, so that the above-described calculation method
is only valid in the case in which said output voltage is
above 70% to 80% of the secondary battery’s nominal

20 output.

In the high-speed charging method for secondary
batteries of the present invention, as described above,
it is sufficient to at least measure the terminal voltage
data of said secondary battery, so that the amount of

25 change in the terminal voltage data are detected, and it
is also possible to measure the surface temperature data
of said secondary battery, so that the change ratio in
the surface temperature is detected.

In addition, in the present invention, it is also

30 possible to make use of both temperature data and voltage
data to estimate the charge level.

In the present invention, for example, the basic
data reading time tb required for reading data is set to
0.75 second, counter II value L is set to 4, the'charge

35 rate C at which said secondary battery is to be charged .
is set to 4, and constant A is set to 16.

In addition, at step (23) if the number of
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repetitions M is set to 8, said measurement Hata amount

. of change reading sampling time (ts) will be 12 seconds,

and the time required for 8 repetitions of the
measurement data amount of change reading sampling time
(ts) will be 96 seconds.

In the presént invention, therefore, in the actual
example given above, the measurement of either voltage or
temperature will require a considerable amount time, and
in such cases it is also possible, instead of repeating
the above-stated measurement data amount of change
reading sampling time (ts) M times, to use individual
values of the amount of change ADv and ADt to judge the
charge level.

That is, in the charging method of the present
invention, in the case in which said secondary battery
has a considerable residual capacity, there is a
possibility that 100% charge level will be reached in a
short period of time, and since if the charging is
continued without noticing this, the temperature will
rise, leading to a danger of deterioration oi the
secondary battery, to prevent this danger, it is
desirable to provide safety measures in addition to the
basic charging method of the present invention.

Another specific example of the present invention
will be described, with references made to the flowcharts
of FIG. 10 and FIG. 1l1l.

While the flowcharts of FIG. 10 and FIG. 11 are
basically the same as the flowcharts of FIG. 7 through
FIG. 9 which show a high-speed charging method for
secondary batteries of the present invention, there are
slight differences in the method of calculation and
judging performed at individual steps. )

That is, in the specific example shown in FIG. 7
through FIG. 9, in performing voltage measurements, for

- example, said voltage data is totaled within the

measurement data amount of change reading sampling time
(ts), so that in the case of the charge level of said
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secondary battery approaching 100%, becausefthe voltage

exhibits particularly small changes in a short period of —
time, it is desirable to constantly track the changes to
detect such a condition,'and in the present invention the
configuration is made such that, for each measurement
data amount of change reading sampling time (ts),
detection is performed of how said voltage data is
vafying, so that if said voltage data variation exhibits
a particular condition, as shown in steps (24) through
(32) in said FIGs. 8 and 9 after repeating the voltage
measurement data at least 8 times at the measurement data
amount of change reading sampling time (ts), the charging
operation can be stopped before judging the charging
condition.

FIG. 10 and FIG. 11 show the flowcharts of the
operations performed in practicing the other specific
example of the present invention, wherein because step
(7) through step (20) are the same as in the flowchart of
FIGs. 7 and 8, these steps are omitted from FIG. 10, with
the flowchart beginning with the step corresponding to
step (20) of FIG. 8.

Note that in the following steps 120 and 121, the
same calculation as indicated in step 20 in FIG. 8, are
carried out.

Essentially, in FIG. 10 and FIG. 11, based on the
data Dn that is calculated and stored into the 2nd
storage means before step (120), a calculation is
performed to determine the difference ADv (where
ADv=ADvn-ADv-1) between the voltage data Dvn-1 at the
immediately previous amount of change reading sampling
time ts-1 and the volfage data ADvn at the current amount
of change reading sampling time ts, and in addition in
step 121, a cﬁlculation is performed in the same manner
to determine the difference ADt (where ADt=ADtn-ADtn-1l)
between the temperature data Dtn-l at the previous amount
of change reading sampling time ts-1 and the temperature
data Dtn at the current amount of change reading sampling
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time ts 3
After the above is done, at step (122)| said

difference ADv (where ADv=ADvn-ADv-1), which is the
amount of change in said voltage data, is stored into
memory IV (Vpyr), and at step (123), said difference
(ADt=ADtn-ADtn-1), which is the amount of change in said
temperature data is stored into memory IV (Tum:).

Next, in said specific example of the present
invention, in particular with regard to voltage data, it
is desirable to detect the width of variation occurring
over a short period of time, and for that reason, at step
(124), said difference ADv is judged as being either a
non-zero positive value or not, and if the result is YES,
operation proceeds to step (126) at which AS is reset to
zZero. '

Essentially, what occurs is that, if the difference
in the amount of change in said voltage data between the
lst measurement data amount of change reading sampling
time (tsl) and the 2nd measurement data amount of change
reading sampling time (ts2) is positive, this indicates
that said voltage measurement data is increasing, and in
this case, the judgment is made that the charge level of
the secondary battery has not reached 100%, so that
constant AS which indicates a change in said voltage
measurement means is reset to zero and operation proceeds
to step (127). L

On the other hand, a NO result occurs at step (124),
that is, if the voltage data is either decreasing or
constant, operation proceeds instead to step (125), at

- which the current said difference value ADv is added to

immediately previous value of constant AS and the value
preestablished constant value X is subtracted from this,
thg result being taken as the new value of constant AS.

' In this example, since the value of ADv is negative,
the result is that both the difference ADv and the
preestablished constant Z are subtracted from the °
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meedlately previous value of constant AS.

In addition, the above-stated constant % 1S a
counting constant value such that, when there is no
change in the difference value ADv, it makes it appear as
though there is change, and is set to, for example, Z=2.

Therefore, in this specific example, when the
voltage data is at a peak value, and said peak value is
being maiﬁtained, said constant AS is actually subtracted
from. .

Next, at step (127), a judgment is made as to
whether said constant AS is equal to or less than a
preestablished value of w, and if the result is YES,
since it is possible to assume that the charge level of
the secondary battery. is at 100% or in the region of
100%( operation proceeds to step (135), at which the

. charging operation is stopped.

That is, in this specific example, said value w is
set to, for example, 6, and if said constant Z is 2 and
said difference value ADv is zero 3 times consecutively,
that is, if there is no change, the following seguence
will occur. '

After 1 ts: AS=AS-ADv-2=0~0-2=-2

After 2 ts: AS=AS-ADV-2=-2-0-2=-4

After 3 ts: AS=AS-ADv-Z=-4-0-2=-§

Thus, the charging operation will be stopped at the
point at which the third repetition of the measurement

‘data amount of change reading sampling time (ts) is made.

By way of providing an explanation with more
specific data if, for example, the case in which the
basic data reading time tb required for reading data is
set as 0.75 second, the value L of counter II is set as
4, the charging rate C at which the secondary battery is
to be charged is set to 4, and said constant A is set to
16. _

In addition, in the case in which the number of
repetitions M of the measurement at the measurement data
amount of change reading sampling time (ts) is set to 8,
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and saxd constant w is set to -6, and the constant % 1S
set to 2, if the erroneous recharging of a nickel-cadmium
battery is done after the completion of charging is
hypothesized, the measurement data amount of change
reading sampling time (ts) for measuring the charging
voltage characteristics would be (0.75x16/3)x4=16
seconds, and the battery wvoltage, ADv, and AS with
respect to each measurement data amount of change reading
sampling time (ts) would be as follows. '

ts Battery wvoltage ADv As
1lts 6§32 632 0

2ts 631 -1 -3
3TS 6239 - =2 -7

From the above results, the charging operation with
respect to the secondary battery would be stopped at the
measurement at the third measurement data amount of
change reading sampling time (ts), the time required for
this to occur being merely 48 milliseconds.

At step (128) in the flowchart of FIG. 10, from the
amount of change data for voltage of each of the data
stored in said memory IV (Vppy) after the M repetitions
of the operations of step (22) through step (23) of FIG.
8, a calculation performed to determine the difference
value AHv between the current amount measurement data
change, that is, the total amount of change, ATDvn, based
on the M measurement data at said measurement value
amount of change reading sampling time (tsl) to (tsM) aﬁd
the total value of the immediately previous amount of
measurement data change, that is, the overall amount of
change based on the M measurement data at said
measurement data amount of change reading sampling time
(ts0) to (tsM-1), and at step (129) a judgment is made as
to whether AHv is positive or negative or zero, and if it
is positive, operation proceeds to step (131), at which
the value N of an appropriate counter is reset to zero,
after which operation proceeds to step (132)
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If, however, said difference value AHv iF zero, the

value of said counter is not changed, and if said
difference value AHv is negative, operation proceeds to
step (130), at which the value N of said counter is
incremented by 1, after which operation proéeeds to step
(132).

The effect of this is that in this specific example,
a judgment is made of what condition, if any, said
difference value AHv is maintaining continuously, and in
the same manner as in the previously described specific
example, in the case in which the value of said
difference AHv is negative N times consecutively, said

secondary battery is judged to have reached a charge
level of 100% or the region of 100% charge level, and
said charging operation is'stopped.

The value N of said counter can be set appropriately
as desired, and in an actual example, can be set to, for
example N=3.

In the present invention, because, as shown in step
(124) through step (127), if ADv is zero, it is assumed
that the negative condition exists, even at said step
(129), even if said voltage measurement data is
maintaining a peak value, the condition in which the
difference value AHv is zero will not occur, so that this
will be counted as a negative value.

Then, operation proceeds to step {132), at which a
judgment is made as to whether the value of N of said
counter is 3, and if the result was YES, the charging
operation with respect to said secondary battery is
stopped, but if the results was NO, operation proceeds to
step (133), at which, after said difference wvalue ADt
(ADt=Dtn-Dt(n-1)), which is the temperature data amount
of change stored into memory IV (Tape) at step (123) is
used and M repetitions are made, a determination is made
of the current amount of measurement data change, that -
is, the overall amount of change, the total value ATDtn,
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based on the M measurement data at the measd;ement data

amount of change reading sampling time (tsl) to (tsM),
and a determination is made of the immediately previous
total amount of change, which is the overall amount of

5 change ATDt(n-1), which is based on the M measurement
data at said measurement value amount of change reading
sampling time (ts0) to (tsM-1l), and a judgment is made as
to whether or not both these values are a preestablished
value «.

10 In these operations, in performing the charging of
said secondary'battery, because if some sort of error or
misoperation causes a sudden rise in temperature in spite
of the fact that the charge level has not even reached
the 100% region, an erroneous stoppage of said charging

15 operation would occur, to avoid this condition, since the
temperature rise of said secondary battery during
charging is known beforehand, data related to the normal
amount of temperature change occurring when the charge
le#el reaches the 100% region is set as the regquired

20 data, for example by setting an appropriate value of o« is
set into an appropriate memory, in which case a return
would be made to step (7) of FIG. 7, whereupon the
above-described steps would be repeated.

In said step (133), in the case in which both the

25 above-noted amounts of total temperature change are equal
to or greater than the preestablished value o, operation
proceeds to step (134), at which a judgment is made as to
whether the rate of change AHt between the current amount
of measurement data ﬁhange, that is, the overall amount

30 of change ATDn, which is based on the M measurement data
at said measurement data amount of change reading
sampling time (tsl) to (tsM), and the immediately
previous amount of measurement data change, that is, the
overall amount of change ATDtn-1l, which is based on the M

35 measurement data at said measurement data amount of
change reading sampling time (ts0) to (tsM-1), is or is
not greater than a preestablished wvalue, for example K,
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1 and if the result of this judgment is YES, |the charging

operation is stopped.

If, however, the result was NO, return is made to

step (5) of FIG. 7, whereupon the above-described steps
5 would be repeated.

What follows is an explanation of the results of
using the secondary battery charging method of the
present invention to charge secondary batteries of
differing constituent elements and under different

10 charging conditions, with reference made to Table I
through Table V and FIG. 12 through FIG. 20.

Table I shows the case of using the secondary
battery charging method of the present invention suitable
for nickel-cadmium batteries having a charging rate of

15 0.25C, and wherein the settings:

the basic data reading time required to read data,
tb=0.75 second;

counter II value L=4;
charging rate C=0.25;

20 Setting constant A=16; and _
Number of repetitions of the measurement operation to be
performed at each measurement data amount of change |
reading sampling time (ts) M=8 were made for the
execution of the charging operation.

25 In this specific example, the amount of change
reading sampling time, ts, would be
ts=(0.75x16/0.25)x4=192 seconds.

Table I shows the voltage measurement data at each
measurement data amount of change reading sampling time

30 (ts), the total amount of voltage change ATDv at step
(122) of FIG. 10, and the counter wvalue N at step (130)
“and step (131) of FIG. 10.

Essentially in Table I the battery voltage data is
the raw data obtained at each said measurement data

35 amount of change reading sampling time (ts), and the
overall total amount of change ATDv indicates the
difference value between the total of the shift values
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summed over 8 times at each of the Mmeasurement data
amount of change reading sampling times (tsl) to (ts8§)
and total of the shift values summed over 8 times at each
of the measurement data amount of change reading sampling
times (ts2) to (ts9).

The count value N, in accordance with above-stated

 step (129) through step (131) in FIG. 10, is added to or

subtracted from, depending upon whether said difference
value AHv is positive, negative, or zero.

That is, during the period from tsl to ts8, since
there is no previous data, the output of said difference
AHv is zero, so that the count value N remains zero, but
at ts9, said total amount of change ATDv becomes 32, so
that the AHv value of -521 is negative, resulting in said
count value N being increménted by 1.

Next, at tslQ, in the same manner, since said total
amount of change ATDv becomes 24, said difference amount
AHv takes the negative value of -8, so that said count
value N is incremented by 1, making said count value 2.

In the same manner, because up to tsl5 said
difference value AHv is continuously negative, sound
count value N is incremented by 1 each time, so that the
count value is 7 at tslSs.

However, in this specific example, in general, said -
count value is set to 3, so that the charging operation
is stopped when said count wvalue exceeds 3, so that
although in this specific example the charging operation
is stopped at tsll, since the battery voltage of said
secondary battery which has reached 100% charge level is
known beforehand, it is possible to perform processing so
that, as long as that voltage is not exceeded, the data
value of said counter is not valid.

For this reason, in this specific example, if the
battery voltage of said secondary battery is set to, for
example, to 580 V, and if the above-stated count value N
is made invalid when the battery voltage exceeds said 580
v, there will be no problem of the charging operation
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stopplng at tsll.

Furthermore, at tsl6, since the difference value AHV
becomes -1, the counter value is reset from 7 to 0.
The same type of operation is repeated, and at ts80
5 because the battery voltage is 600 V and said counter
value is 3, said charging operation is stopped.
FIG. 12 shows a graph of the measurement data of
Table I, with ts plotted along the horizontal axis, and
"in FIG. 13, plotted from the raw data of FIG. 12, the
10 solid line shows the plot of said total amount of change
ATDv for each ts, and the dotted line shows said counter
value N plotted for each ts.
Table II shows the case of using the secondary
battery charging method of the present invention suitable
15 for nickel-cadmium batteries having a charging rate of
3C, and wherein the settings:

the basic data reading time required to read data,
tb=0.75 second;

counter II value L=4;
20 charging rate C=3;
Setting constant A=16;
Number of repetitions of the measurement operatlon to be
performed at each measurement data amount of change
reading sampling time (ts) M=8; and

25 constant K=2 were made for the execution of the charging
operation..

In this specific exémple, the amount of change
reading sampling time, ts, would be ts=(0.75x16/3)x4=16
seconds. ,

30 Table II shows the battery temperature measurement
data at each measurement data amount of change reading
sampling time (ts), the total amount of temperature
change ATDt at step (123) of FIG. 10, and the change
ratio AHt of the amount of temperature change at step

35 (134) of FIG. 1l0.

Essentially in Table II the temperature data is the
raw data obtained at each said measurement data amount of
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change reading sampling time (ts), the overall total
amount of temperature change ATDt indicates the
difference value between the total of the shift values
summed over 8 times at each of the measurement data
amount of change reading sampling times (tsl) to (ts8)
and total of the shift values summed over 8 times at each
of the measurement data amount of change reading sampling
times (ts2) to (ts9), and AHt indicates the rate of
change between adjacent values of ATDt, that is
ABRt=ATDtn/ATDtn-1.

In accordance with the operation of above-stated
step (34) of FIG. 10, the change ratio of temperature

-change AHt is compared with above-described

preestablished constant value K=2, and if AHt is egual to
or greater than 2 (i.e., AHt2K), because it can be
predicted that the charge level has reached 100% or the
100% region, said charging operation is stopped.

In the data of Table II, if the denominator of the
expression for AHt=ATDtn/ATDtn-l is zero, an error is
indicated.

In this specific example, at ts57, the data for said
rate of change of temperature change AHt=ATDtn/ATDtn-1
exceeds the constant K=2, so that at this point said
charging operation is stopped.

Fig. 14 is a graph of with regard to battery
temperature measurement data shown in Table II, with ts
plotted along the horizontal axis.

Table III shows the case of using the secondary
battery charging method of the present invention suitable
for nickel-cadmium batteries having a charging rate of
3C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
counter II value L=4;
charging rate C=3;

Setting constant A=16; and
the number of repetitions of the measurement operation to
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be performed at each measurement data amount of change
reading sampling time (ts) M=8 were made for the
execution of the charging operation.

In this specific example, the amount of change
5 reading sampling time, ts, would be ts=(0.75x16/3)x4=16
seconds.
Table III shows the battery voltage data at each
measurement data amount of change reading sampling time
(ts), the total amount of voltage change ATDv'at step
10 (122) of FIG. 10, and the counter value N at step (130)
and step (131) of FIG. 10.
Essentially, the battery voltage data and other data
of Table III, are the same type of data as in above Table
I, and therefore no particular separate explanation will
15  be provided, although it can be said that this indicates
that the same type of operations as in the case of Table
I enable charging in a short period of time with a large
current, and in particular that, at 3C, at the point of
ts6l, because charging is completed, the charge is seen
20 to have been completed at a time approximately 16 minutes
from the start of charging operation.
FIG. 15 and FIG. 16 are graphs that correspond to
above-discussed FIG. 12 and FIG. 13.
Table IV shows the case of using the secondary
25 battery charging method of the present invention suitable
for nickel-hydrogen batteries having a charging rate of
0.25C, and wherein thé settings: .
the basic data reading time required to read data,
tb=0.75 second;
30 | counter II value L=4;
charging rate C=0.25;
Setting constant A=16; and
the number of repetitions of the measurement operation to
be performed at each measurement data amount of change
35 feading sampling time (ts) M=8 were made for the
execution of the charging operation.
In this specific example, the amount of change
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reading sampling time, ts, would be
ts=(0.75x16/0.25)x4=192 seconds.

Table IV shows the battery voltage data at each

measurement data amount of change reading sampling time

5 (ts), the total amount of voltage change ATDv at step
(122) prFIG..iO, and the counter value N at step (130)
and step (131) of FIG. 10.

Essentially, the battery wvoltage data and other data

of Table IV, are the same type of data as in above Table
10 I, and therefore no particular separate explanation will

be provided, although it can be said that this indicates

that the same type of operations as in the case of Table

I enable complete charging of a new type of secondary

battery, the nickel-hydrogen battery, at ts79, which is
15 in a period of time of 252 minutes.

FIG. 17 and FIG. 18 are the graphs that correspond
to above-discussed FIG. 12 and FIG. 13.

Table V shows the case of using the secondary
battery charging method of the present invention suitable

20 for nickel-hydrogen batteries having a charging rate of
1C, and wherein the settings:
the basic data reading time required to read data,
tb=0.75 second;
counter II value L=%;

25 charging rate C=1;
Setting constant A=16; and
the number of repetitions of the measurement operation to
be performed at each measurement data amount of change
reading sampling time (ts) M=8 were made for the

30 execution of the charging operation.

In this specific example, the amount of change
reading sampling time, ts, would be ts=(0.75x16/1)x4=48
seconds. :

Table V shows the battery voltage data at each

35 measurement data amount of change reading sampling time -
(ts), the total amount of voltage change ATDv at step
(122) of FIG. 10, and the counter value N at step (130)
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1.00 : and step (131) of FIG. 10.
Essentially, the battery voltage data and other data .

of Table V, are the same type of data as in above

Table I, and therefore no particular separate explanation
5 ., will be provided, although it can be said that this
. .;”;ﬂ indicates that the same type of operations as in the case
) - of Table I enable complete charging of a new type of
secondary battery, the nickel-hydrogen battery, at ts78,
which is in a period of time of 62 minutes, 24 seconds.
10 . FIG. 19 and FIG. 20 are the graphs that correspond
to above-discussed FIG. 12 and FIG. 13.
Because the high-speed charging method for secondary
batteries of the present invention makes use of the
above-described technical gonfiguration, even for

15 secondary batteries of differing types, in consideration
" of the mutually differing charging characteristics

exhibited by the secondary batteries, such as terminal
voltage or temperature, it is possible to determine the
common characteristics of secondary batteries having

20 differing constituent elements, to accurate determine
point at which the charge level reaches nearly 100%,
enabling not only one and the same apparatus to be used

' to reliably charge secondary batteries of differing

construction, but also enabling the accurate

25 determination of the charge level during the charging
process, the quick determination of the point at which
the charge level reaches a level of nearly 100%, and the
stopping of the charging process at that point, the
result being not only a reliable avoidance of the problem

30 encountered when the charging is continued even after the
charge level has exceeded 100%, thereby causing the
temperature of the secondary'battery to rise above its
rated maximum temperature, leading to damage to said
secondary battery, but alsoc a determination of the

35 characteristics of said secondary battery with respect to
the speed of charge, or charge rate, thereby enabling
charging of secondary batteries which are of the same

THIS SHEET HAS BEEN
REPLACED




17

0. 00
27.76
Error 22
0. 00
27.10
1.33

10

27.76 -0.22 0.25 18 REPLA%#“%MJ SHEET
0.00 19 27.76 0. 00 Err% 20
0. 00 Error 21 27.76 JUN 8320
27.76 0.00 - 52 - FError |23 27.176
Error 24 27.76 0. 00 Error 25
-0. 67 Error 26 26. 88 -0.89

constituent elements at different charge rates, further
enabling in particular the precise high-speed charging of
secondary batteries.

That is, in the present invention, in addition to
being able to charge secondary batteries having
individually differing constructions, there being
secondary batteries of the same type but having differing
charging rates, it is possible to also, in accordance
with the charging rate that is indicated as a
specification, by executing sampling of the ideal
measurement values, to collect precise data, enabling
accurate and high-speed charging.
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Table I - (1)

Battery Voltage (V)

524
532
539
542
547
549
552
553
556
556
558
559
560
560
560
562
563
564
564
564
564
584
566
568
588
568
568
568
568
568
568
568
569
571
571
571
571
572
572
572
572
572
572
572
572

ATDvn

524
532
539
542
547
549
552
553
32
24
19
17
-13
11
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Table I -~ (2)

Battery Voitage (V)

572
574
576
576
576
577
576
576
577
576
576
576
577
577
576
579
580
580
580
580
580
581
584
584
586
588
590
592
594
596
596
598
600
600
600
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Table II - (1)

tS Battery Temperature (°C) ATDtn ATDtn/ATDtn-1(K=2)

1l 29.54 29.54 Exxor
2 29.32 29.32 0.99
3 28.65 28.65 0.98
4 28.65 28.65 1.00
5 _ 28.65 - 28.65 1.00
6 28.65 28.65 1.00
7 28.65 28.65 1.00
8 28.65 28.65 1.00
9 27.99 -1.55 -0.05
10 27.76 -1.55 1.00
11 27.76 -0.89 0.57
12 27.76 ~0.89 1.00
13 27.76 -0.89 1.00
14 27.76 -0.89 1.00
15 27.76 - =0.89 1.00
16 27.76 -0.89 1.00
17 27.76 ’ -0.22 0.25
18 27.76 0.00 0.00
19 27.76 0.00 Exrror
20 27.76 0.00 Error
21 27.758 0.00 Error
22 27.76 0.00 Exror
23 27.78 0.00 Error
24 27.78 0.00. Exrror.
25 27.10 -0.67 Error
26 26.88 -0.89 1.33
27 26.88 -0.89 1.00
28 26.88 -0.89 1.00
29 26.88 -0.89 1.00
30 26.88 -0.89 1.00
31 26.88 -0.89 1.00
32 26.88 -0.89 1.00
33 o 26.88 -0.22 0.25
34 26.88 -0.00 0.00
35 26.88 - 0.00 Error
36 26.88 0.00 Exrror
37 - 26.88 0.00 Error
38 26.88 0.00 Error
39 26.88 0.00 Error
40 26.88 0.00 ' Exrror
41 26.88 0.00 Error
42 26.88 0.00 Exror
43 26.88 0.00 . Exror
44 26.88 0.00 Error
45 26.88 0.00 Error
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Table II - (2) =

tS Battery Temperature (°C) ATDtn ATDtn/ATDtn-1

46 26.88 0.00 Error
47 26.88 0.00 Exxror
48 26.88 0.00 Error
49 26.88 0.00 Exrox
50 26.88 0.00 Exrror
51 26.88 0.00 Error
52 26.88 0.00 Error
53 26.88 0.00 Error
54 26.88 0.00 Error
55 26.88 0.00 Error
56 27.10 0.22 Error
57 27.54 0.67 3.002K
58 27.76 0.89 1.33
59 27.99 _ 1.11 1.25
60 28.21 1.33 1.20
61 28.43 1.55 1.17
62 28.87 . 2.00 1.29
63 31.09 4.22 2.11
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Table III - (1) -

ts Battery Voltage (V) ATDvn N
1 529 529 0
2 542 542 0
3 547 547 0
4 550 550 0
3 552 552 0
6 556 556 0
7 556 556 0
8 560 560 0
9 560 31 1
10 562 20 2
11 564 17 3
12 564 14 4
13 566 14 4
14 568 12 5
15 568 12 5
16 568 8 6
17 572 12 0
18 572 10 1
19 572 8 2
20 572 8 2
21 575 9 0
22 576 8 1l
23 576 8 1
24 576 8 1
25 576 4 2
26 578 7 0
27 580 8 0
28 580 8 0
29 580 5 1
30 580 4 2
31 582 6 0
32 584 8 0
33 584 8 - 0
34 584 . 5 1
35 584 4 2
36 586 6 0
37 588 8 0
38 588 8 0
33 588 6 1
40 588 4 2
41 592 8 0
42 592 8 0
43 592 8. 0
44 ‘594 8 0
45 596 8 0
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Table III - (2)
ts Battery Voltage (V) ATDvn N
46 597 g 0
47 600 12 0
48 501 13 0
50 606 _ 14 0
51 609 . 17 0
52 612 18 0
53 ' 616 20 0
54 620 23 0
55 624 24 0
56 627 26 0
57 630 26 0
58 632 26 0
53 632 23 1
60 632 20 2
61 632 16 3
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Table IV - (1)

ts Battery Voltage (V) ATDvn N
1 513 313 0
2 525 525 0
3 534 534 0
4 541 541 0
5 545 545 0
6 549 549 0
7 552 552 0
8 554 554 0
9 556 43 1

10 556 31 2

11 558 24 3

i2 560 19 4

13 560 , 15 5

14 560 11 6

15 560 8 7

16 564 10 0

17 ' 564 8 1

18 564 8 1

139 564 6 2

20 564 4 3

21 564 4 3

22 565 5 0

23 568 ) 0

- 2¢ 558 4 1

25 568 4 1

26 568 4 1

27 568 - 4 1

28 568 4 1

29 568 4 1

30 568 3 2

31 568 0 3

32 568 0 3

33 568 0 3

34 568 0 3

35 S56% 1 0

36 ' 570 - 2 0

37 570 2 0

38 570 2 1

39 571 3 0

40 571 3 o

41 571 3 0

42 571 3 0

43 572 3. 1

44 572 2 2

45 572 2 3
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Table IV - (2)

ts Battery Voltage (V) ATDvn N
46 572 2 0
47 572 1 1
48 572 1 1
49 572 1 1
50 572 1 1
51 574 2 0
52 576 4 1
53 576 4 1
54 576 4 1
55 576 4 1
56 576 4 1
57 576 4 1
58 576 4 1
59 576 2 2
60 578 2 2
61 580 4 0
62 580 4 0
63 580 4 0
64 580 4 0
65 580 4 0
66 583 7 0
67 584 8 0
68 584 6 1
69 587 7 2
70 588 8 0
71 591 11 0
72 592 12 0
73 595 15 0
74 596 13 1
75 597 13 1
76 600 16 0
77 600 13 1
78 600 12 2
79 600 9 3
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2 Table V - (1)
ts Battery Voltage (V) ATDvn N
1 . 543 543 0
2 - 560 560 0
3 564 564 0
4 565 565 0
5 568 568 0
6 568 568 0
7 568 568 0
8 568 568 0
9 568 25 1
10 572 12 2
11 . 572 . 8 3
12 572 7 4
13 572 4 5
14 572 4 5
15 572 4 5
16 572 4 5
17 572 4 5
18 | 573 1 6
19 575 3 0
20 576 4 0
21 576 4 0
22 576 4 0
23 576 4 0
24 g735 4 0
25 576 4 0
26 576 3 1
27 576 1 2
28 576 0 3
29 576 0 3
30 576 0 3
31 576 0 3
32 576 0 3
33 576 0 3
34 576 0 3
35 -578 2 0
36 579 3 0
37 580 4 0
38 580 4 0
39 580 4 0
40 580 4 0
41 580 4 0
42 580 4 0
43 580 2. 1l
44 580 1 2
45 580 0 3
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Table V - (2)

Battery Voltage (V)

580
580
580
583
584
584
584
584
584
584
584
586
588
588
588
588
589
592
592
592
595
588
598
640
6C2
604
606
608
609
612
612
612
612
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1 CLAIMS

1. A methad of charging a secondary battery,

comprising:
a step 1 which sets the basic data reading
5 time tb required to read data;

a step 2 which sets the charging rate C;

- a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and
said basic data reading time'tb, said corrected data

10 reading time tc being characteristic to said charging

rate C;

a step 4 which, during the charging

operation, uses an appropriate sampling means to measure
the terminal voltage of said secondary battery at least

15 one time during each said corrected data reading time tc,
aﬁd which stores the voltage data at that time into an
appropriate lst memory means;

a step 5 which repeats the operation of

said step 4 a predetermined number of times L, takes the
20 summation of the plurality of voltage data obtained in

each corrected

data reading time tc, and stores the

resulting amount of change Dvn over the amount of voltage
data change reading sampling time ts (where ts=Lxtc) into

an appropriate
25

2nd memory means; .
a step 6 which calculates the difference

between the amount of change Dvl for the 1lst sampling

time (tsl) and

the amount of change Dv2 for the next,

2nd, sampling time (ts2) obtained in step 5, and which
stores the resulting difference in amount of change ADv
30 in a 3rd memory means;

a step 7 which continuously repeats said

step 6 a predetermined number of times M, and which takes
. the summation of each of the values of ADvl to ADvM (M
values) obtained at each amount of change reading
35 sampling time (ts), and determines the amount of voltage
data change ATDv for the overall said amount of changé
reading sampling time t (where t=tsxM), the results being

* ¢ L M s x
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stored in a 4th memory means;

a step 8 which performs a calculation,
based on the amount of voltage data change ATDv stored in
said 4th memory means, to determine the difference AHv
between the voltage amount of change ATDvl measured from
over the first overall amount of change reading sampling
time (tl) established as running from said 1st sampling
time (tsl) to the mth sampling time (tsM) for the
predetermined M-th sampling, and the voltage amount of
change ATDv2 measured from over the second overall amount
of change reading sampling time established as running
from said 2nd sampling time (ts2) to the (m+l)th sampling
time (tsM+1l) for the predetermined M+l-th sampling, said
calculated difference AHv (where AHv=ATDv2-ATDvl) being
stored in a 5th memory means;

a step 9 which repeats said step 8 while
calculating the difference wvalue AHvn (where
ARVN=ATDV(N+1)-ATDvn) between the amount of voltage
changes ATDvn and ATDv(n+l) at each pair of adjacent
overall amount ci change sampling times tn and tn+l, and
stores the calculated results in 5th memory means;

a step 10 which judges whether each of the
m amounts of differences in amount of voltage changes
AHvl to AHvm are positive (zero or greater than zero) or
negative (less than zero); and

a step 11 which judges, in the sequence of
occurrence of said differences in amount of wvoltage
changes AHvl to AHvm, whether or not said difference in
amount of voltage change AHv is zero or negative for S
times continuously, and if said difference in amount of
voltage change AHv is zero or negative S times
continuously, stops said charging.

2. A method of charging a secondary battery,
comprising:

a step 1 which sets the basic data reading
time tb required to read data;

* c L M s *

a step 2 which sets the charging rate C;
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a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and
said basic data reading time tb, said corrected data

reading time tc being characteristic to said charging
5 rate C;

a step 4 which, during the charging
operation, uses an appropriate sampling means to measure
the temperature of said secondary battery at least one
time during each said corrected data reading time tc, and.

10 which stores the temperature data at that time in an
appropriate lst memory means;

a step 5 which repeats the operation of
said step 4 a predetermined number of times L, takes the
summation of the plurality of data obtained in each

15 corrected data reading time tc¢, and stores the resulting
amount of change Dtn over the amount of temperature data
change reading sampling time ts (where ts=Lxtc) into an
appropriate 2nd memory means;

a step 6 which calculates the difference

20 between the amount of change Dtl for the 1lst sampling
time (tsl) and the amount of change Dt2 for the next,
2nd, sampling time (ts2) obtained in step 5, and which
stores the resulting difference in amount of change ADt
in a 3rd memory means;

25 a step 7 which continuocusly repeats said
step 6 a predetermined number of times M, and which takes
the summation of each of the values of ADtl to ADtM (M
values) obtained at each amount of change reading
sampling time (ts), and determines the amount of

30 temperature data change ATDt for the overall said amount
of temperature change reading sampling time t (where
t=tsxM), the results being stored in a 4th memory means;

'a step 8 which performs a calculation,
based on the values of amount of temperature data change

35 ATDt stored in said 4th memory means, to determine the
ratio between the temperature amount of change ATDtl
measured from over a first overall amount of change
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reading sampling time tl established as ruhﬁing from said
lst sampling time (tsl) to the sampling time (tsM) for
the predetermined M-th sampling, and the temperature
amount of change ATDt2 measured from over a second
overall amount of change reading sampling time t2
established as running from said 2nd sampling time (ts2)
to the sampling time (tsM+1l) for the predetermined M+1l-th
sampling, said calculated ratio AHt (where
AHt=ATDt2/ATDt1l) being stored in a S5th memory means;

a step 9 which repeats the operations of
said step 8 while calculating the ratio value AHtn (where
AHtn=ATDt (N+1)/ATDtn) between the amount of temperature
changes ATDtn and ATDt(n+l) at each pair of adjacent
overall amount of change sampling times tn and tn+l, and
stores the calculated results in 5th memory means;

a step 10 which judges from the
information stored in said Sth memory means whether the
ratio AHm between two adjacent said temperature amounts
of change is equal to or greater than or is less than a
Given wvalue X; and

. a step 11 which, if the temperature amount
of change ratio AHm value is egual to or greater than the
given value K, stops said charging.

3. A method of charging a secondary battery,
comprisings: '

a step 1 which sets the basic data reading
time tb required to read data;

a step 2 which sets the charging rate C;

'a step 3 which sets the corrected data
reading time tc, according to the set charging rate C and
said basic data reading time tb, said corrected data
reading time tc being characteristic to said charging
rate C;

a step 4 which, during the charging
operation, uses an appropriate sampling means to measure
the temperature and the terminal voltage of said
secondary battery, respectively, at least one time during
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* [ L M S *

REPLACED




23 0 'I'hxs Sheet Has B e laced 24 i REPL@G-_%‘E‘{PT SHEET
627 630 26

0 58 632 - g7 - 059 7 4 JUNs@s?
23 1 20 2.61

632

each said corrected data reading time tc,

stores the temperature data and the terminal voltage data
at that time into an appropriate lst memory means,
respectively;

5 a step 5 which repeats the operation of
said step 4 a predetermined number of times L, takes the
individual summation of the plurality of battery
temperature data and voltage data obtained at each

- corrected data reading time tc, and stores the resulting
10 respective amounts of changes Dtn and Dvn over the
temperature data and terminal voltage data reading
sampling time ts (where ts=Lxtc) into an appropriate 2nd
MEROry means;

a step 6 ﬁh;ch calculates the difference
15 between the amounts of change Dvl and Dtl for the 1lst
sampling time (tsl) and the respective amounts of change
Dv2 and Dt2 for the next, 2nd, sampling time-(ts2)
obtained in step 5, and which stores the resulting
difference amounts AD for temperature data and terminal
20 voltage data (ADv and ADt) in a 3rd memory means;

a step 7 which continuously repeats step 6
a predetermined number of times M, and which takes the
summation of each of the values of ADvl to ADvM (M
values) and ADtl to ADtM (M values) obtained at each

25 amount of change reading sampling time (ts), and
determines the amount of temperature data change and the
amount of terminal voltage data change, ATDt and ATDv,
for the overall said amount of change reading sampling
time t (where t=tsxM), the results being stored in a 4th

30 memory means; .

a step 8 which performs a calculation,
based on the values of amount of voltage.data change ATDvV
stored in said 4th memory means, to determine the
difference between the amount of voltage change ATDtl

35 measured from over a first overall amount of voltage
change reading sampling time tl established as running
from said 1st sampling time (tsl) to the sampling time
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(tsM) for the predetermlned M-th sampling, and the amount
of voltage change ATDt2 measured from aver a second
overall amount of voltage change reading sampling time t2
established as running from said 2nd sampling time (ts2)
5 to the sampling time (tsM+l) for the predetermined M+l-th
sampling, said calculated difference AHt (where
AHv=ATDv2-ATDv1l) being stored in a 6th memory means;

a step 9 which repeats step 8 while

calculating the difference wvalue AHvn (where

10 AHWN=ATDv(N+1)-ATDvn) between the amount of voltage
changes ATDvn and ATDv(n+l) at each pair of adjacent
overall amount of change sampling times tn and tn+l, and
stores the calculated results in 6th memory means.

a step 10 which judges whether the m

15 amounts of voltage changes AHvl to AHvm are positive
(zexro or greater than zero) or negative (less than zero);

a step 11 which performs a calculation,
based on the values of amount of temperature data change
ATDt stored in said 4th memory means, to detexzmine the

20 ratio AHt between the amount of temperature change ATDtl
measured from over a first overall amount of temperature
change reading sampling time tl established as running
from said 1st sampling time (tsl) to the sampling time
{(tsM) for the predetermined M-th sampling, and the amount

25 of temperature change ATDt2 measured from over a second
overall amount of temperature change reading sampling-
time t2 established as running from said 2nd sampling
time (ts2) to the sampling time (tsM+l) for the
predetermined M+l-th sampling, said calculated difference

30 AHt (where AHt=ATDt2/ATD;l) being stored in a 5th memory
means; '

a step 12 which repeats the operations of
step 11 while calculating the change ratio value AHtn
(where AHtn=ATDt(N+1)/ATDtn) between the amount of

35 temperature changes ATDtn and ATDt(n+l) at each pair of
adjacent overall amount of temperature change sampling
times tn and tn+l respectively, and stores the calculated
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results in 5th memory means.

a step 13 which judges from the
information stored in said 5th memory means whether the
ratio AHtm between two adjacent said amounts of
temperature change is equal to or greater than or is less
than a given value K; and

a stép 14 which judges, for said
temperature change'ratios AHtm equal to or greater than
the predetermined value of K and in the sequence of
occurrence of said differences in amount of voltagé
changes AHvl to AHvm, whether or not said difference in
amount of voltage change AHv is zero or negative for S
times continuously, and if said difference in amount of
voltage change is zero or negative S times continuously,
stops said charging.

4. A method of charging a secondary battery
according to claim 1, 2, or 3, wherein when said sampling
means is used during charging to measure the terminal
voltage or to measurs the temperature of said secondary
battery at each corrected data reading time tc, the
supply of charging current to said secondary battery is
cutoff when ﬁaking the measurement.

5. A method of charging a secondary battery
according to claim 1, 2, 3, or 4, wherein when said
sampling means is used during charging to measure the
terminal voltage or to measure the temperature of said
secondary battery at each corrected data reading time tc,
if measurement of even one of these values indicates a
level exceeding a predetermined abnormal value level,
said charxging operation is interrupted.

6. A method of charging a secondary battery
according to claim 1, 2, 3, 4, or 5, wherein said
corrected data reading time tc is calculated from said

. charging rate C and said basic data reading time tb by

the expression tc=tbxA/C, in which A is a constant.
7. A method of charging a secondary battery’
according to claim 1, 2, 3, 4, 5, or 6, wherein in a step

* [ L M S *
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which repeats measurement of voltage dat@ M times

continuously each said data change reading sampling time
ts, at each time said voltage data is measured each said
data change reading sampling time ts, the amount of
change ATDv in voltagé data is calculated, a judgment is
made as to whether said amount of voltage data change
ATDv is positive, negative, or zero, and if it is
positive, an appropriate counter value AS which judges a
condition of a change in amount of the voltage data
change ATDv, is reset to zero, but if said amount of
voltage data change ADTv is negative or zero, said
counter value AS has added to it said ATDv value, said
counter value AS being updated to the added value, after
which said counter value AS is compared with a
preestablished reference value W, and if said counter
value AS is smaller than said reference value W, said
charging operation is stopped.

8. A method for charging a secondary battery
according to claim 7, wherein when the value of said
voltage data amount of change ATDv is zero, a
preestablished value Z is subtracted from said counter
value AS. | ,

9. An apparatﬁs for charging a secondary battery
comprising:

2 current-supplying means for supplying
electrical current to the cells of a secondary battery
requiring charging; '

a switch means provided between said
current-supplying means and said secondary battery being
charged;

a temperature measurement means for
measuring the temperature of said cells;.

a sampling means for operating said
temperature-measurement means to measure the temperature
of said cells with the desired sampling interval;

a charging-control means which is

connected to said sampling means and controls said switch

\
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means;

a charging rate setting means which sets
the charging rate C;

a corrected data reading time setting
means which, based on the charging rate C set at said
charging rate setting means, calculates from a
preestablished basic data reading time tb the corrected
data reading time tc, the value of which is
characteristic to said charging rate C;

an amount of data change reading sampling
time setting means which multiplies the corrected data
reading time tc by a preestablished value L to set the
temperature data amount of change reading sampling time
ts; _

an overall sampling time setting means
which multiplies said data amount of change reading
sampling time ts by a preestablished value M to set the
overall sampling time t;

2 lst memory means which stores the values
of temperature data dtn measured at each said corrected
data reading time tc; _

a2 2nd memory means which stores the data
Dtn which is the summation of a predetermined member L
values of temperature data dtn stored in said lst memory
means;

a 3xd memoryvmeans which, from the data
Dtn stored in said 2nd memory means, stores the
difference between data Dt(n-1) measured at the previous
amount of change reading sampling time ts and data Dtn
measured at the current amount of change reading sampling
time ts+1, this difference value being ADt (where
ADt=Dtn-Dt(n-1));

2 4th memory means which stores the amount
of temperature data change ATDt obtained by taking the
summation of each of the M amounts of temperature data
obtained at each amount of change reading sampling time
(ts) in the overall amount of change reading sampling
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time t (where t=tsxM) obtained by repeating said amount
of change reading sampling time (ts) M the required
number of M times;
a 5th memory means which, with regard to
S the temperature data amount of change ATDt stored in said
4th memory means, stores the change ratio AHt calculated
between the amount of temperature data change ATDtn at
the lst overall amount of change reading sampling time tn
and the amount of temperature data change ATDt(n+l) at
10 the 2nd overall amount of change reading sampling time
tn+l, which is formed by shifting the time by one amount
of change reading sampling time (ts), said change ratio
being AHt (where AHt=ATDt(n+l)/ATDtn);
a lst judgment means which compares sa;d
15 temperature change ratio AHtm between said amounts of
temperature change with a preestablished reference value
K, and if said change ratio AHtm between said amounts of
temperature change exceeds said reference value K,
outputs a signal which stops said charging;
20 a processing means which processes each of
the individual data stored by each of said means; and
a central processing means which controls
the operation of each said means.
10. An apparatus for charging a secondary battery
25 comprising:
a2 current-supplying means for supplying
electrical current to the cells of a secondary battery
requiring charging;
a switch means provided between said
30 current~-supplying means and said secondary battery being
charged;
a terminal voltage measurement means for
measuring the terminal voltage of said cells;
a sampling means for operating said
35 terminal voltage measurement means to measure the
terminal voltage of said cells with the desired sampling

interval;
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3 _ a chargtng=cuntroirmeﬁns which is
connected to said sampling means and controls said switch
means; '

a charging rate setting means which sets
5 the charging rate C; | '

a corrected data reading time setting
means which, based on the charging -rate C set at said
charging rate setting means, calculates from a
preestablished basic data reading time tb the corrected

10 data reading time tc, the value of which is
characteristic to said charging rate C; _

an amcunt of data change reading sampling
time setting means which multiplies the corrected data
reading time tc by a preestablished value L to set the

15 temperature data amount of change reading sampling time
ts; )

a overall sampling time setting means

~which multiplies said data amount of change reading
sampling time ts by a preestablished value M to set the
20 overall sampling time t;

' a lst memory means which stores the values
of terminal voltage data dvn measured each said corrected
data reading time tc;

| a 2nd memory means which stores the data
25 Dvn which is the summation of the L values of temperature
data dvn stored in said lst memory means;

a 3rd memory means which, from the data
Dvn stored in said 2nd memory means, stores the
difference between data Dv(n-1l) measured at the previous

30 amount of change reading sampling time ts and data Dvn
' measured at the current amount of change reading sampling
time ts+l, this difference value being ADv (where
ADv=Dvn-Dv(n-1));
2 4th memory means which stores the amount
35 of terminal voltage data change ATDv obtained by taking
the summation each of the M amounts of voltage change
data obtained at each amount of change reading sampling
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time in the overall amount of change reading sampling
time t (where t=tsxM) obtained by repeating said amount
of change reading sampling.time (ts) M the required
number of M times;

a 6th memory means which, with regard to
the terminal'voltége data amount of change ATDv stored in
said 4th memory means, stores the difference AHvm
calculated between the amount of voltage data change
ATDvn measured in the lst overall amount of data change
reading sampling time tn and the amount of voltage data
change ATDv(n+l) measured in the 2nd overall amount of
data change reading sampling time tn+l, which is formed
by shifting the time by one amount of change reading
sampling time (ts), said difference being AHvm (where
ARvm=ARvm=Hv (m+1)-Hvm) ;

a judgment means which, with regard to
each the m values of voltage data amounts of change
differences AHvl to AHvm serially stored in said 6th
memory means, makes a judgment as to whether each one of
said differences AHvl to AHvm is positive (zero or
larger) or negative (less than zero), and which performs

- said judgment processing in the sequence of occurrence of
said voltage data amount of change differences AHvl to
AHvm, and if each one of the successively measured
voltage data amount of change difference AHv show a
negative value, at least a preestablished number of times
S, continuously, stops said charging operation;

| a processing means which processes each of
the individual data stored by each of said means; and

a central processing means which.controls
the operation of each said means.
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To provide a single universal charging apparatus, capable of charging at high speed

and effiency any type of secondary battery, and capable of charging secondary batteries at

any arbitrary charging rate. In selecting the arbitary amount of current from low current

to high current while charging a variety of secondary batteries, the voltage and temperature

of the battery are monitored, so that either at the point at which the rate of rise of the

temperature of the battery exhibits an increase over the immediately previous rate of rise

that exceeds a given reference value, or at the point at which the difference in change of

battery voltage is decreased continuously for a preestablished amount of time, the charging

of the battery is stopped.

FIGURE 1.
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METHOD FOR HIGH SPEED CHARGING OF SECONDARY BATTERIES
AND APPARATUS THEREFOR

Description

-

TECHNICAL FIELD

The present invention is related ta the high-speed charging of secondary batteries and, more spacifically, © a high-
speed charging apparatus and high-speed charging method for such secondary batteries as nickel-cadmium batteries,
nickel-hydrogan batterias, and lithium ion batteries. :

The presant inventicn is configured so as to enable, with regard to nickel-cadmium, nickel-hydrogen (Ni/H2) and
lithium ion secondary batteries, the monitaring of the temperature and voitage of the battery during the recharging
process, and so as to stop said charging procass when these monitored parameters of gither temperature or tamper-
ature and voltage reach a particular condition.

BACKGROUND ART -

Secondary batteries (secondary calls) such as Nickel-cacmium storage batteries, nickel-hydrogen batteries, or
lithium ion batteries can be racharged any number of times during their useful lifetimes. It is widely known by persons
skilled in the art that this racharging process must be performed under careful contral to minimize the damaging affects
tothe storage battery. (For exampie refer to *Charging Storage Battaries: Extending Usefui Lite®, Bob Williams, *Cailular
Business® April, 1988, pp 44 to 49.) : ’

At the beginning of secondary battery recharging technology, the process of recharging required as much as a
number of hours. As consumar products powared by secondary batteries became mere and mara common, there
arcse a need for a system capable of charging times measured in minutes rather than hours.

While it is possibie to fast charge a secondary battery, to pravent irreversible damage to the storage battary, the
storage battary recharging process must be performed with even more care. (For example refer to *Latest Information
on Nickel-Cacmium Batteries*® in the report of the September 1950 Cadmium Society Brussels Seminar, published in
November, 1850.) .

Prior art has shown that a variety of systems have been devaloped for the fast recharging of sacondary batteries.
in these systems it has been standard to monitor the voitage and/or temperaturs of the storage battery being charged,
and to interrupt or change the charging current applied o the storage battary when the temperature or voltage reaches
a preestabiished level. Typical prior art is describad in US patent 4,006,397 {Catotti et ai).

Japanese patent publications Sho 62-23528 and Sho 62-23529 discicss 2 method for use in recharging of sec-
ondary batteries such as nickal-cadmium batteries, wherein the voltage waveform of the battery is cbserved during
charging, a number of deflection points appearing in the voitage waveform being stored beforehand, and if the stored
deflection points occurred in a given sequence, the charging process is interruptad. In this method, howevar, it is
required for each type of battery to store beforehand the variations occurring in the voltage waveform of that type of
battery during the charging process, and to change the stored contents bafore charging tc contents appropriate. to the
type of battery to be recharged, not only making operation complex, but giving no assurance, by reasons of the charging
environment and history of the battery, that the voitage output waveform of the battery would follow in sequence am
amplitude the stored information, thereby making it impossiie to perform accurate charging and recharging, making
it difficult to perform high-speed charging without causing loss of battery performance.

EP-A-Q 593 770, which was published 27/04/94 (Article 54(3)EPC), discloses a nickel-cadmium battery charger
in which battery voitage and/or temperature are sampied during predetermined periods of time, the values being stored
in a first memory. An average is cakulated for each period and stored in a second memory. The amount of change

.| between consecutive periods is then calculated. Charging is stopped if the rate of temperature change betwsen two

adjacent pariods is more than twice that between the two pravious periods, orif the change of voltage drops to or below
2ero.

In addition to nickel-cadmium, nickel-hydrogen and lithium ion battaries exist as secondary batteries.

Praviously the recharging of the above-mentioned secondary batteries, it required from 6 hours 1o even as much
as 16 hours in some instances, and even with what was called fast charging at over a relatively short time, still-required
110 2 hours.

in the past, although in recharging what were called rechargeable batteries or storage batteries for use in their
intended purpases, it was known that it was desirable to make the charging time as short as possible, the limitations
imposed by the risa in internal battery temperature and intemal pressura in the battery causad by a chemical reaction
within the secandary battery not only laad to destruction of the cells, but also to a detarioration of the electrical char-
actaristics of the cells, that is, the output characteristics and charging charactaeristics, so that the mathod of charging
by means of a large current aver a short period of lime was not used.

Howaever, today the demand for secondary batteries is increasing in a large of number of applications in various

industries, and in particular, there is a strong demand for secondary batteries for use in mluzﬁnumumw-_____
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ronments in which machine tools are used, in medical and other equipment for haspitais, and in communications, such
as in mobile telephones, applications which not only requirs that battarias do not run down during operation but also
require fast or aven instantaneous racharging. .

It a graphical comparison is made of the above-mentioned voitage and temperalure variations with respact 10
charge lavel during the charging of the various types of seconcary batteries mentioned above, it can be seen that each
type of battery exhibits unique characteristics, as shown in FIG. 2 to FIG. 4.

That is, the voitage and tempaerature characteristics of a nickal-cadmium storage battery are as shown in FIG. 2,
the voltage and temperature characteristics of a nickal-hydrogen battery are as shown in FIG. 3, and the voitage and
temperaturs characteristics of a lithium ion battery are as shown in FIG. 4.

For this reason, in the past, not only did the charging of any type of secondary battery require a long period of time
of at least one hour, but aiso it had the problem of requiring a change of the charging methad or charging apparatus
to suit the type of sacondary battery, making the only charging methods available troublesome, time-consuming, and
costly.

The purpose of the presant invention is to improve the above-described shortcomings ot the prior art. and to
facilitate the recharging of secondary battaries, and in particular nickel-cadmium, nickel-hydrogen, and lithium ion
secondary batteries, within an extremely short paricd of time of from several minutes te 20 minutes. Recharging at this
extremely fast speed increases the significance of a number of parameters which were not so significant in the relatively -
slow-speed prior ant recharging systems. However, it was discovered that these parameters could be processed 50 as
topgroeducsa rechargmg systam which parforms safe, high-speed charging without damaging sude-eﬂects tothe storage
battery being charged._

In the past, to charge secondary batteries which consist of mutually differing technical elements, and which have
differing charging characteristics and behavicr, it was necessary 1o make available separate chargers and 1o select
the charger appropriate for charging the type of secondary battery to be charged.

Therefore, the charger was something to be usad only for the charging of a particular type of secondary battery,
it being necassary to maks available individual chargers for individual secondary batteries, making the charging oper-
ation not only inconvenient, but troublesome and complex as well. :

Even for the same type of secondary batteries, if an amount of charging current used in a charging operation,
which is generally represented by a charge rate C, differ, the chargers would have to be provided sepatately, causing
the problem of the need to have a considerable number of charger types available.

Howsver, with the demand for such secondary batteries increasing, and with a diversification in the fieids and
location in which secondary batteries are used, there has arisen an increasing need for a charger capabie of use
anywhere in charging any type of sacondary battery complately within a short period of time, for applications raquiring
quick charging and immediate use of secondary battaries, such as in mobile data communications, mobile telephons
communications, and at construction sites. .

For this reascn, there is a desire to have a singie charger not only capable of charging a secondary battery of any
type of construction, but also capable of charging under any charging rate C conditions. However, until the present,
thera has been no such practically usable charger.

Theretore, the object of the present invention is to improve on the defects described abaove, and provide a single
charger which is universally usable to charge any type of sacondary battery in a short period of time under any arbitrary
charging rate C.

To soive the above-described prablerns, the present invention has the toliowing technical configuration. Specifically,
the first aspect of the method of high-speed charging of sacondary batteries of the present invention is a methed for
charging secondary batteries comprising: a stap 1 which sets a basic data reading time tb required to read data; a step
2 which sets the charging rate C; a step 3 which sets an adijusted data reading time ta, according to the set charging
rate C and said basic data reading time tb, said acjusted data reading time,1a being characteristic of said charging rate
C. a step 4 which, during the charging operation, uses an appropriate sampling means to measure the terminal voltage
of said secondary battery at least onge during each said adiusted data reading tlme,[a._and which stores the measured
voltage data value at that time into an appropriate 1st memory means; a step 5 which repeats the operation of said
step 4 a predstermined number of times, form's the summation of said storad voitage data values obtained during each
said ad;usled data reading time ta, over a samplmgume ts. where ts=L X ta and stores the value Dvn of the summation

in an agpropnate 2nd memory means; a step 8 which caiculates the dilference ADv between the vaiue Dvi of the
summation for the 1st sampling time (ts1) and the value Dv2 of the summation for the next, 2nd, sampling time (ts2)
gt_:lamed in step 5, and which stores said difference ADV in a 3rd memory means, a step 7 which continucusly repeais
said step 6 a predetermined number of timaes M, and forms a further summation of the values of ADv1 to ADVM (M

Jalues) obtained for respective said sampling times (1s1 10 1sM) to determine the amount of voltage data changs ATDv

for an-overall said voltage sampling time t, where t=tsxM, the results being stored in a 4th memory means; a stepg

which performs a calculation, based on tha amount of voitags data change ATDv stored in said 4th memory means,
to datermina the diffarence AHv batween the amount of the voitage data change ATDv1 determin

efttorafiestovedll e
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- 29 - daims 1. A nmethod of charging a secondary battery conprising:
a step 1 which sets a basic data reading tine tb required to read data;
a step 2 which sets the charging rate C, . _ a step 3 which sets an :
adj usted data reading tine ta according to the set charing rate C and said
basi c data ' reading tinme tb, said adjusted data reading tine ta
bei ng characteristic of said charging rate C a step 4 which,
during the chargi ng operation, uses an appropriate sanpling nmeans to
MBASUM € T NEnlofal rhd ) which run trom eaic 1at sarmpiing time (1) 10 the Meh sampiing time (1sM) for the predetemnined
M-mmm_mmomdmmwmm_gumwmmammmmgm
which runs from said 2nd sampling time (tsZ) 10 the (M+1}th sampiing time (tsNi+1) for the predeiermined Me1-th
sampling, said caiculated difference AHv, where AHv=ATDV2-ATDv1, being stored in & Sth memory means; a step 9
which repeats said step 8 while caicuiating the difference value Alvn, where AHVN=ATDV(n+1)-ATDvn, beiween the
amount of voitage changes ATDvn and ATDv(n+1) gstermined for sach pair o1 adjacent said overall sampling limes
tn and in+1, and stores the caiculated results in Sth memory means; a siep 10 which jucges whether each of sax
-difference vaiues AHv1 1o AHvn are positive, i.e. 2erc or greater than zero, of negative, i.e. less than zero; and 2 step
11 which judges, in the sequence of cccumrence of said cifierence values AHv1 10 AHvm, Whether o nit said difference
value aHv is Zero or negative for S times continuously, and if said ditference value AHv is 2810 or negative S times
mmv.MMdmdm‘mdmmmdamnMMﬂadmcpm-mimon-

tion is a2 method for charging secondary batieries comprising, a step 1 which sets a basic data reading time tb required
wmdm:amzmhhmam;mc:'amsmm_%mm;m&pwdhg
tothe sst charging rate C and said basic data reading time 1, said adjusted ciata reading time ta being characteristic
of said charging rate C; a step 4 which, Guring the charging cperation, Uses an appropriate sampling means tomeasure
 the temperature of said secondary battery at isast once during each said adjusted cata reaciing time 13, and which
stores the measured temperaturs cata vaiue at that time in an appropriate 1st memory means; a step S which repeats
Jhe cperation of said step 4 a predetermined number of times, forms the summation of said stored temperature data
values obtained curing each said adjusted data reacing time {a. over a sampiing time 15, where ta=Lia and stores tha
m«mdmmhmmmmmamsmmmmmmmg '
movuunn_rl dmuwmmnbrmwmgm@ummmmamwmmm%
mplig_gtimMebahodhms.wwhbhmawdlmmha&ummymlaop7m
continucusly repeats said step § a precetermined number of times M, and forms a further summation of the values of
ADn.bADM(Mvdua)Mfmmpoeﬁvouﬂmhgmm1mumbum.mmmdmr-
ature data change ATDX for an overall sampiing time t, whers txtsxM, the results being stored in a 4th memory means;
amp!whbhpodomsaaleuhﬂon.bmdmm.nhu_dmmdmmnmehmquﬂb:mﬁhuﬁ
4th memory means, 10 dstermnine the ratic AHt between the amount of the temperature gata change ATDt1 dstermined
 |tor a first said overall sampiing tirme tf which runs from said 15t sampiing.time (ts1) to the Mth sampiing time (tsM) for
_Wmmmmmmmmamwmmammmuam
'.wdmn!lamphgmﬁmiehmmmmdmmgmMwmmmmlhgm(umnbrmo
prodmommdun-ﬂ\amplhg.uidubuhudnﬁommmmamm.hohgmdi\asmmmny
means; a step 9 which repeats the operations of said step 8 while caiculating the ratic value AHIn, where AHIn=ATDt
(m)/ATDm.mmm«wmwuummammzmmmmmdm
aidmu_ttlwmihgtinnmandmd.mmmmmmunhsmmmlmpwmhhiwgu
mmmmamummmmmmmmmmmn
changes is equal 1o or greater than or is less than a given vaiue K; and a step 11 which, i the ratio Akim is equalto or
greater than the given vaiue K, stops said charging. ' .

. In accition, & is possible to think of the coupling of the two above-described aspects of the present invention of a
high-speed secondary battery charging methed as a third aspect of the present invention. -

m@nmmwgmwwmmummmMmamm

wmmwmﬁWMMumemudmﬁngmhmmianottmmmny
differing charging characteristics exhibited by the secondary batieries, such as terminal voltage or temperature, i is
: mnwcmmemmmmmdmmmmwmmmm.m'
mgmmmmammmmmnmm1mwthgnmcnlymmmm
W}omwwnmumwm.ﬁaddﬂommmbmmcnabhgmomumc
eourmmaxmdmdumbv-lduﬁngmmrghgm.mcquickmmﬁmﬁmdmcpoimamiehmm
hvci.ruahualwcldnurly100%.andthos@phgdmow@hgpmmummnwmumwmly
aulnabl-mamommmummnmmimﬁnuwmeMrmmlmlhucx-
eu:lod1mmombyaushgmuomporawmdmamrybmoqwriumitstatodmimmtompcmmn.
mhgwmsobwqubmbMuoammmdmmmmﬁadaﬁwm.q
wimmpoctwmomdotemrge.erdmgomo.muobycmblhgdwghgdmtybmﬁuwhichmdmo

same constituent elements at different charge rates, turther enabling in particuiar the precise high-speed charging of
secondary batteries. e

BRIEF-DESCRIPTION OF THE DRAWINGS

FIG. 1 isabiock diagram which shows the configuration of a specific example of the hig
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vol tage of said secondary battery at |east once during each said adjusted

data reading tinme and which - 'stores the neasured voltage data val ue

at that tinme into an appropriate 15t menory neans; a step 5 which

repeats the operation of said step 4 a predetern1ned nunber of times L

forms the summati on of said stored vol tage data val ues obt ai ned

during each said adjusted data reading tine ta, over a sanpling

tine ts, where ts = L x ta and stores the value Dvn of the summation.in an

appropriate 2nd nennry neans; a step 6 which calcul ates the

di fference [err t he he val e DA of the summation for the 1st
Jm

sanpl i ng fiG. 21 YidaidéiurkV 4 o Aol B SERBH. | ON for the
next, 2nd, sanpé.iaich grphnich lsfioks théHaming@aimidinité & B nitkel-rjdichen banery.  Whi ch stores
sai d di fferencae {ugmmmﬁoﬁmmamhmmm step 7 which

continuously rEGSA)ds agiawitg whichgh mawmmmmmwmmaﬁwv
forms a fur ttﬁ@,mumdcnango.mdﬂs.sw)ua g which shows the reiationship of the measurement daia sampling

period t and the measurement data amount of change reading sampling tims (1s) for the presant invention.

FIG. 6 (A) is a drawing which describes one sxample of analysis of the voitage measurement data and condition
of changs therec! in the pressnt invention, and FIG. & (B) is a drawing which describes one sxampie of analysis of the
temperature measurement cata and condition of change thereof in the present invention .

FIG. 7uammchMmmmhdwmnmaudummmm-q
charging method of the present invention. -

HassammmmmmmbdmanMaudmmmmoq
. charging masthod of the present invention.

FIG. SsammMMmmbdmanMmdmgmmNnmq
charging method of the presant invention, .

FIG. 1DsammmMWWdMMnmmmdmgmm
battery charging method of the present invention.

FIG. 11 nammnhmaowamMuanmdmmgm.mm.q
charging method of the present invention.

FIG. 120ammsmmﬁdmmpmuanmmwmm
at 0.25C.

FIG. 13wagrsphshmgmagraphdmdmgunmmmllvohgommndmngoum:\mdm
counter vaiue N when the charging of FIG. 12 is done.

FIG. 14wamhshomngmmmhdmmmmmmdanmbmwm
charged at 3C.

FlG. 15samphshmngmmhdmowmmsdanmlmmqmm
at 3C. )

FIG. 16 is a graph showing the a graph of the changes in the overall voltage amount of change ATDvn and the
counter value N when the charging of FIG. 15 is done.

FIG.17nagmmmgmmhdmmmmdanWMmummmw
at 0.25C.

FliG. 1Buagraphmm.:mammammmmdmATDmmdmo
counter value N when the charging of FIG. 17 is done.

FliG. 193amhmmgmmhdmowmdanmwmmmmu
at 1C.

FIG. 20 is a graph showing the a graph of the changes in the overall voltage amount of change ATDvn and the
counter vaiuve N when the charging of FIG. 19 is done.

Best Mode for Carrying Out the invention

“The following is a detailed description, presemed with reference to drawings, of concrete sxampies of the method
and apparatus high-speed charging of secondary batieries of the pressnt invention.

. The background of why the inventors of the present invention empioyed the above-described technical configura-
tion in the method for high-speed charging of secondary batieries of the present invention stants with the inventors of
the present invention making a thorough analysis and investigation of the charging charactaristics of secondary bat-
teries that have bsen commercially availabile in the past, and making efforts to determine, for the purposas of fulfilling
the above-described cbject of the present invention, the desired form of a single apparatus and method for performing
high-speed charging of different types of secondary batteries, for periorming precise charging even if the charging rate
is varied with respect 10 said secondary batteries of differing types, and further for performing high-spesd charging of
said secondary batteries of differing types. .

The inventors, then, analyzed, the nickel-casmium batteries, nickel-hydrogen batteries, and lithium ion batteriss, -
which were thought o be the imponant types of those types commaercially avaitable in the past, the result of this analysis
being thal in general for nickel-cadmium batteries, as shown in FiG. 2, the terminai voltage during charging continues
a gradual increase up 1o the paint at which 100% charge level is reached, at which point a psak voltage is reached,
with further charging causing a decrease in voltage.

When the temperature of a nickei-cadmium battery is cbserved, there is a slight increase in tompomun from the
stant of charging to just botoremowo%chargolwol andallhougbmoavorallchamo )
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summat i on of the val ues of [err]Dvl to [err]DvM(MvaI ues) obtained for
respective said sanpling tines (tsl to-tsM to determ ne the anount
of voltage data change [err] TDv for an overall said sanpling time t. where
t=tsxM the results being stored in a 4th nenory neans; a
step 8 which performs.a calculation, based on the amount of voltage dat a
change [err] TDv stored in said 4th ~ _nmenory neans, to deternine the
difference [err] HV between the anount of < e “vol tage dat a change [err]TD\/l

determ ned f [Tk W& QEudaad d
1st sanpli ngﬁ:ﬁﬁ‘éﬂf{“‘ﬂfﬁ %J«.?{?} g'gétJ'rrpl | ng 'i ktsl\/p for E'he
predet er m ned ldddtasaariekii-GrogenBahetidt IS Binén HFIG. nhﬁmbtﬁgmmm

[err] TDv2 increase tratfaiedian IY@EHEIIUNAthG V0% Ereirges iavel]and wienstie|chage lewé! jeprljes 100%tha vioagh

runs from saminm%ﬂpﬂwg' mwwmmmmmmmwmgw

tlrre(tsM+1 = eie m. ned NHt lLing, .sai

in a 5th e MhrmdNAe turoncrun mmm1mmmmlmbmmmonmlsam
increase in temperaturs.

lnmmdyﬂmwdwm fithium ion batteries, as shown in FIG. 4, the battery ierminal
voltage increasing approximnately in direct proportion to elapsed tlime. from the start of charging 1o the 100% charge
isvel, and when the 100% charge level is reachec, the voltage value exhibits the peak vaius, after which subsegquent
charging results in no turther change in the battery voitage, which maintaing the psak vaiue.

The batiery temperature in the case o} a lithium ion secondary battery exhidits a gradual increass from the stan
of charging, which, during the eharging process, changes 10 a gradual increase, until the 100% charge level is reached,
&t which point the battery temperature increases shamply as the same configuration as that of the nickel-cacmium

in an ideal secondary battery, the energy of the current caused to flow in the battery until the 100% charge level
is raached is-spent inLihe chemical reaction required for charging, and is not converned 10 thermal energy. '

However, after approaching the 100% charge ievel, the rate of said chemical reaction becomes siow, the remaining
energy being spent in a chemical reaction not related to charging, and converted 1o thermal energy.

Therelors, after the charge level reaches 100%, the reaction contributing to charging does not occur immaediately,
gas is formed, and the temperature rises.

When the temperature mmwdmmmm mmgmwmmnom.md
this aisc causes a grsat ceal of gas 1o be generated.

These phenomena form a vicious circle, mmwwmmdmomq

. If the charging operation is performed repeatediy, the matier inside the battery which contributes 1o the occurrence
of the chemical reaction detericrates, so that it is not possibie to store sufficient energy.

" Therefore, as described above, £ charging is continusd sven after the charge level reaches 100%, a probiem
: arises in that the deterioration of intemnal matter in the battery is accelerated, mnlthgmaluumformom.ry
considerable shorter than the intenced life of the secondary battery.
mmmmmmmammbmmdmmwmmdm
batteries, aaldd'mgmgoporatmmmlypusblcbymdmlmﬁodmmmnmwmbbbm
the problems cited above.
Charging methods in the past have included, for exampie, the following.

(1) Charging with a minute (trickle) current (for exampie, 2 current of 1/10 to 1/20 of the capagcity of the battery),
. &nd performing no contrel at the point at which charging is completed.
In this charging method, m:mwmmdmmgmmmmmmuymh
approximately 10 hours to 15 hours.
Fonhnnuon.nmmgmMMQMmgmmmwbng.mdMuamrm
overcharging.
(4] Chargngwnhamﬁeumm(!crmmph acurrent of 1/310 1710 of the capacity of the battery), with the end
of charging controlied as being afier a preestablished time, which was genasraily 5 hours 10 10 hours.
: In this charging method, the charging time becomes long, and there is a danger of temperature rise caused
by excessive current in the case in which the batiery had some remaining capacity.
{3) Charging with a relatively large curent {for example. a current of 1/3 10 1/1 of the battery capacity), and stopping
the charging when the veitage value of the battery being charged falls below a given vaiues (generally approximately
10 mV per cell).
Themﬂormplmonotmcmmgisappmmnmw hcur.andmuismathhmnasnmmm
charging.
in this charging method, while the dnrgmg time is relatively short, there is a great danger of excessive current,
andahrgomnumporature
Adgditionally, in this method, il is mbbb«hﬁ“emploﬁmdd!mynm‘mhwmgm«-
isfics such as were described in FIG. 2 and FIG. 3.

For this reason, in the present invention, in consideration of the chmomudawdpm secondary
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a step 9 which repeats said step 8 while calculating the difference val ue

[err]Hvn, where [err]Hvn=[err] TDv(n+l)-[err] TDvn, bet ween t he
anmount of voltage changes [err] TDvn and [err] TDv(n+1l) determ ned for each
pair of adjacent said overall sanpling tinmes tn and tn+l1, and
stores the calculated results in 5th nenory neans; ~a step 10 which
j udges whet her each of said difference values [err]Hvl to AHvm are positive
i.e. zero or greater than zero, or negative, i.e. less than zero;
and a step 11 which judges in th® sequence of occurrence of said

d I fferenc ebatYaa) t%gc'.s Lfgt'!l i t@*m&duﬁm aéé"ﬁl:%ﬂf& soQJndary battaries aregﬂﬁloysozﬂ agﬁieving
di ffer encqh,vmf’@& bMnd presérft Intbnfitin. N€gAtive tor S tinmes continuously, and
i f said diffspeaneamg intalnigh-sdesd dhiridg rdihod tor secondary2@tfefies efthelpagdnt inver@iorSa héti@ and an
cont i NuouSienarats o figh-spees dharding Phsecydary bafleries/is previdbrhehich aimk passitiiaToe rafiabieyppitg ot
batt er y C gingq! type of secondary baitery at a point in the charge level of 95% to 100%, charging at current laveis
ranging from small to large (for exampie, equal 1o or greater than the capacity of the battery), and in particular, high-
speed charging, for exampie ata charge rate of 2C in an extramely short period of time, for axample 15 minutes or less.
What follows is a description of the high-speed charging method and apparatus of the present invention, with
reterence made 1o drawings. ' : .
FIG. 1 shows a block diagram of one concrete example of the configuration of the high-speed charging apparatus
{or secondary batteries of the present invention, which basically shows an apparatus for high-speed charging of sec-
ondary batteries 1, comprising, a current-supplying means 3 which supplies electrical current to the cells of a secondary
battery 2 requiring charging, a switch means 5 provided between said current-supplying means 3 and temminal 4 of
said secondary battery being charged, a temperature measurement means § which measures the temperature of said
celis of said secondary battery 2, a voitage measurement means 7 which measures the terminal'voltage of said sec-
ondary battery, a sampling means 8 which operates said temperature-measurement means 6 and/or said voitage
measurement means 7 to measure the temperaturs and/or the voitage of said calls of said secondary battery 2 with
the desired sampling interval, a storage device 30 which stores each of the data sampled by said sampling means 8,
and which exacutes the raquired calculations on said stored data, storing the rasuits in a separate memory meahs, a
charging-control means 9 which is connected to said sampling means and controls said switch means 5, a charging
rate setting means 10 which sets the charging rate C, a basic data reading timing generator means 11 which, based
on the charging rate C sat by said charging rate setting means 10, generates the predetermined basic data reading
tims tb, an adjusted data reading time satting means 12 which, sets the adjusted data reading time ta, the value of
which is characteristic to said charging rate C, an amount of data change reading sampiing time setling means 13
which muitipiies the adjusted data reading time ta by a preestablished vaiue L to set the temperature data amount of
change reading sampling time 1s, an overall sampling time setting means 14 which multipiies said amount of data
change reading sampling time ts by a preestablished value M 10 set the overall sampling time t, a 1st memory means
15 which stores the values of tamperaturae data din measured each said adjusted data reading time ta, a 2nd memory.
means 16 which stores the data Dtn which is the summation of the L values of tamperature data dtn stored in said 1st
memory means 15, a 3rd memory means 17 which, from the data Dtn stored in said 2nd memory means, stores the
difference ADt between data Dt(n-1) measured at the previous amount of change reading sampling time ts and data
" Din measured at the current amount of change reading sampling time ts+1, this difference value being ADt (whare
ADt=Dtn-Dt{n-1)), a 4th memory means 18 which stores the amount of temperature data change ATDt obtained by
taking the summation of each of the M amounts of temperature data cbtained at each amount of change reading
sampling time (ts) in the overall amount of change reading sampling time t (where t=taxM) cbtained by repeating said
amount of changs reading sampling time (i8) M the required number of M times, a 5th memory means 13(A) which,
with regard to the temperature data amount of change ATDt stored in said 4th memory means 18, stores the change
ratio At calculated between the amount of temperature data change ATDtn at the 1st overalt amount of change reading
sampling time tn and the amount of tempaerature data change ATDt(n+1) at the 2nd overall amount of change reading
~ sampling time tn+1, which is formed by shifting the time by one amount of change reading sampling time (ts), said
change ratio being AHt (where AHt=ATDt(n+1)/ATDtn), a 1st judgment means 22 which comparss said temperature
change ratio AHt which are stored in said Sth memory means 19(A) between said amounts of temperature change with
a preastablished reference value K, and if said change ratio AHtm between said amounts of temperature change
axceeds said reference value K, outputs a signal which stops said charging, a 6th memory means 19(B) which, with
regard to the terminal voltage data amount of change ATDv stored in said 4th memory means, stores the difference
calcuiated between the amount of temparature data change ATDvn at the 1st overall amount of change reading sam-
pling time tn and the amount of temperature data change ATDv(n+1) at the 2nd overall amount of change reading
sampling time tn+1, which is formed by shitting the time by one amount of change reading sampling time (ts), said
differenca being AHvm (where AHVm=Hv{m+1)-Hvm), a 2nd judgment means 23 which, with regard to each the m
values of voltage data amounts of change differencas AHv1 1o AHvm stored continucusly in said 5th memory means
19(B), makes a judgment as to whether the values ara positive (Zero or larger) or negative (less than zero), and which
performs said judgment processing in the sequence of occurrencs of said voitage data amount of change diflerences
AHv1 10 AHvm, and if said voltage data amount of change difference AHv is a negalive valus a preestablished number
of times S or more continuously, output s signal which stops said charging operation, and a processing means 20 which
processes each of the individual data stored by each of said means, and a central processing means 25 which controls
the operation of sach saikt means. :
in the present invantion, cne and the same high-speed sacondary battery charging apparatus is capable of per-
forming high-speed charging of, as described above, nickel-cadmium batteries, a nickel-hydrogen batteries, or a lithium
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a step 1 which sets a basic data reading time tb required to read date;

a step 2 which sets a charging rate C, a step 3 which sets an

adj usted data reading tine ta, according to the set charging rate C and
sai d basic data reading tine tb, said adjusted data reading tine
ta being characteristic of said charging rate C a step 4 which,
during the charging operation, uses an appropriate sanpling nmeans to
nmeasure the tenper- - ature of sai=d7secondary battery at |east once
during eachicstsneietidj ust ed data reading tine ta, and Whl ch st or es

the measured € Qf%?"ﬁ%ﬁ’&‘m 8, fog y '_ O(819)

menory mean E}‘ pifa Lo 4
a predeter of &&&Wéﬁmmrﬁm%
st or ed terrpar\..aw.eudaim Muw%a&ﬁmmdnm

readi ng ti mandivaenatie /s pasiorsanae, the present invention is configured 1o perform measurement of voltage data andior
temperature cata of said secondary Satieries at an extramely short interval, the results of these measursments being
used to effectively detenmine the charging condition of saki seconcary batteries.

More specifically, in the charging cperaiion perionnec by the prasent invention, in order 1o maks 3 judgment of
whaether or nct the charge level of 100% or the 100% region has been reached, regardiess of which type of secondary
batiery is being charged, as shown in FIG. 2 through FIG. 4, it is appropriate to detect the point of the cccurrence of
apukvlmmmwuta.er.nmowmbmmmammwmma
suciden high rate. .

For example, nmmumymdmudmhﬁ&ﬂﬂ.wﬂ:mmwmmmd
data change Aa large, it is necessary t© maks the sampling interval p a somewhat long interval. -

However, in charging, if the sampling imterval p is long, as shown in FIG. 5 (A), there is the problem of lasing the
opportunity of detecting the psak in the voitage data, thus making itimpossibie to detect the propertine t0 stop charging.

Onmahcrm.ﬁwmlmmwdphmmmaﬂdmgmmdmmny‘u
bacomes very high, making it impossible 10 implernent an economic system.

For this réason, in the present invention, the basic data reacding time tb required to read data is set, an adjusted
cata reading time ta, which is characteristic to the charging rate C is sst based on that time and the charging rats, the
terminal voitage ! said battery and/or surface temperature of said battery is measured one time each within said
adjusted data reading tims ta, these operations being repeated a preestablished number of times L, the voltage data
anclor temperature data from which operations are summad separately, the summed data being taken as the variable
Dn with respect 10 the amount of data change reacing sempiing time ts (whers ts=LXta). Referto the graghof FIG. § (B).

Bymwd&mmmmmmmmmdmmmmmmwumaumm .
multiplied by L

AsmﬁmoymwmmmmmnmmodhamdeM mmcmumbmn
data Dt(n-1) measurec at the previcus amount of change reading sampling time ts and daa Din measured at the
current amount of changs reading sampiing time ts-+1, this difference value being AD (where AD=Dtn-D(n-1)):

Next, in the prssent invention, the difference between the variabie Dn at said amount of cata change reading
sarnpiing time ts (where ts=LXta) and the variable D(n-1) at saii previous amount of data change reading sampling
time 18 is determined as AD (whers AD=Dtn-D(n-1}), the results being sequentially stored in 3! memory means 17.

Subsaquently, these operations are repested & presstablished number of times M, the toial, as shown in FIG. 8§
(B).umgmnumcmdmwmmmmmMAmummwdmd
change reading sampling time t (where t=18XXM).

Alterthat, as shown in FIG. S(B).mmadmmtdm reading sampling time t and said data amount
of change reading sampling time ts are sach shiftad by one at 2 time, as the amount of temperature data and/or voltage
cata change ATD? 1o ATDm for respective overall amount of change reading sampling times 11 to tm is determined.

Thersfore, ultimately in the present invention, the time of measuring the vaitage data andlor tampersture cata
amount of change ATD is axpreased as t=MXLXtbXA/C.

Theralore, in the present invention, by properly seiscting the vaiues cof the sbove-stated constants Mand L, it is

~ possibie, with a low-cost reading apparatus, nct only to read measuremnent data with high accuracy, but aiso, because
_the range obtained by shilting said overall amount of change reading sampling time (ts) is shifted one at a time is set,
80 that saii voltage data and/or temperature data arount of change ATD is cbtained at an imterval which is said amount
of change reading sampling time (is), it is pessibie to cbiain the large amount of change data ATD which is sampled
at the reiatively long interval of the overall amount of change reading sampling time ¢, within the reiative short time
which is the amount of data change sampling time (1), it is possibie to determine at a short sampling interval whether
or not 10 5top charging, resulting in a detailed and precise charging operation.

In addition, in the pressnt invention, for the purpose of performing high-speed charging, and in consideration of
the fact that said seconciary batteries of differing types are used, the measurement conditions are changed, the con-
ﬁguratbnismdosudlmthbmmwdwg.amtbmlymmmmimm.n
that high or low charging speeds can be employed 10 obtain the optimurm charging operation.

The apparatus for high-speed charging of secondary batteries 1 cf the present invention, is provided with a switch
moanssmchnmmdbcmonmctoumnl4dthoneondarybaﬂctybonqdum.dﬂlhocum-cmlyng
means 3 for the purpose of supplying charging current 10 a secondary battery 2 requiring charging, said switch maans
sumgeemolhabymmrgmgmmlms wmmwmumudcummmlyngmmaumm
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pling- time ts, where ts=Lxta and stores the value Dtn of the summation in

an appropriate 2nd nenory neans; . a step 6 which calculates the
difference [err] Dt between the val U Dt1 of the sunmation for the 1st
sanpling tine (tsl) and the value Di2 of the summation for the
next, 2nd, sanpling tinme (ts2) obtained in step 5, and which

stores said difference [err]Dt In a 3rd nenory neans; a step 7
whi ch continuously repeats said step 6 a Bredetérm’ ned nunber of tines M
and forms a further summat i on 8f°tRe values of [err]Dt1l to

[err] Dt M ( M gnzbmreiled. Obt ai ned for respective said sanpling tines (tsl...tsM

to determ ne thmm&dtmmmwat?m oP {5t curent oms,traem |

sanpl i ng t i nesideumeqtismpiing mesas)3\ip saidsacondary banery F’H"a

rreggry %e;nsaummwmﬁ\?oossmmammuam gmm m
seconcary battery is approsching the 100% charge level, mmmmSnmmud.mmwm
said curent-supplying means 3 10 said seconciary battery 2 is cut off,

in the present invention, as described later, mmmgmmwuammngm
itis desirable (o make the measurement with saic charging current cut off, and in this case, when measuring the above-

" stated data, intsrmittent crive is used, so that said switch means 5 is cut off in synchronization with the sampling signal
of said sampiing times.
anMMmummma-ﬂdmmmammmsmm»m
the range of normally aliowed values, it is alsc possibie 10 tum said switch means S off, so that the charging operation
is stopped.

The reasen for this is that, in the present invention, in measuring the above-stated voltage ancior temperature, if
a measurement is made with the charging current flowing from said current-supplyirig means 3 10 sait secondary
battery 2, becauss thers will not be a uniform reaction occurring within the battery, the voltage vaiue will inciude an-
error, making the acquisition of accurate measurement data impossils.

As described above, when a measurement is performed while charging current is flowing, it is impossibie to avoid
contact resistance betwesn saic sscondary battery and the charging apparatus, so that, for example, a voltage ¢rop
will develop across Ue contact resistance cue 10 the charging cumrent, this aiso making it difficult to cbtain accurats
measurement daia,

Nmnmmmmamwnwbmawmdmmmm
surface temperature voitage for the seconcary battery in an extremely short pariod of time, and 1o anatyze the results
_of thass measurements, making judgments as 10 whether or not the secondary battery has reached a charge level of
100% or the region near 100% as it tracks the minuts variations ¢f secondary battery characteristic vaiuss.

Burthermore, in the prasent invention, the configuration is such that sven if the charging rate C, which is a charging
congdition, is varied, it is possibie 1o compiets precise charging in a short period of time.

For this reason, in the apparatus tor high-speed charging of seconcary baneries 1 ¢f the present inventicn, there
is provicied a charging rate selting means 10, for the purpose of acjusting the speed of charging, that is the charging
mtc.bmmmdwmmdmwbmqbum

By virtue of the above, nhmbhmmmmlmmmmmmmwergmb
a value that is optimized with respect 1o the charging rate C for said seconciary battery.

|nm.wwnwmawm1dmpmnm there is provided as
part of the circult configuration a basic data reading timing generator means 11 which sets the basic data reading time
tb, the basic data reading time t generated by said basic data reading timing generator means 31 being adjusted by
corrected cata readling time setting means 12, based on the charging rate C set by said charging rate setting means
10, 30 that the adjusted data reading time ta is characteristic 1o the charge rate C of saii seconcary battery.

. inthiscase, mmmmmaMummmwmmmcwmm
data reading time tb, can aiso Be expressed as taxthXA/C (where A is a conatant).

The above constant A can be set as appropriate, for example, as a positive integer such as 16.

In the prasent invention, during the charging of the battery, the batiery terminal voliage or battery temperaturs is
measured by means of said sampling means 8 at least one time during said atjusted reacing time ta, the voltage data
or temperature cata d at that point being separately stored in an appropriate 1at memory means 15, said measurement
operations being repeated continuously a presstablished number of times L. with the plurality ot voliage data obtained
at sach of the corrected reading times tc beirig summed, the vaiue Dn of the summed voltage data or temperature
cata atthe amount of change sampling timae ts (where ts=L>xia), for example Dvn and Dtn, being stored in an appropriate
2nd memory means 16.

Next, in the present invention the difference between the amount of change D1 at the 1st sampling time {ts1),
which was stored in the 2nd memory means 16 and the amoumt of changs D2 at the next, 2nd, sampiing time (t52),
whmmmndnma\dmmymmﬁuamouwmmmuubwgmwumn
amount of change AD, which are siored in 3rd memory means 17. :

in the prassnt invention, during a preestablished period, which is the overall amount of data change reading sam-
pling time 1, these ocperations are repsated continucusly a presstablished M number of limes, with the overall amount
of daia change reading sampling time t axpressed as t=txXM.

In the present invention, the measured vaiues of cata AD1 10 ADM obtained by periorming repeated continuous
measurements during said amount of data change reading sampling lime are summed, the amount of vollage cata
MmAmatadmnummdmmgmmmt(me)Mgwcmmmmunmmg-

data and temperature mbomgwodlmmolymtmnmrym 18.
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Because subsequent operation ditfers slightly between voitage cata and temperature data, the operation for voliage
daia will be described first. '

First, mhgm-ammdvdmcmmATDvwhbhmmndhaidemw.mdmm
between the voltags amount of change ATDv1 mundlranmrﬂngaidmlmmdmgeuaﬂhgmmg
time established as running from said 1st sampiing time (ts1) 1o the sampling time (1sM) for the M-th sampling, and
the voltage amount of change ATDv2 measured from over the mmllmntde@)angonadﬁtgmﬁngm estab-
lished as running from said 2nd sampling time (152) to the sampling time (tsM+1) forthe M« 1-th sampling is determined
" by calculation, said caiculated difference AHv being stored in a Sth memory means. ’

These operations are performed continuously, and a general description of the above operations is that, with re-
mwmomarﬂmﬂdWMAma'ammmmdwmmrud'ng
sampling time tn, said amount of change reading sampling time (is) is shifted one at a time, whils continucus repeated
calculation is performed of the amount of voitage changes ATDvR 1o ATDv{n+x) at said overall amount of change
mplhgroadingt&nut(mutot(mx).mbhmmmmwwmmuswmdm:mg
umplingﬁmu(u).md.shhwumuwmmwwhmmmmwmmm
mwmdvdmgodnnguATDvn“MDv(mﬂ-eewwhguMMMdeMmﬁng
times tn and {n+1) are used 1o calculate the differencs value AHvn (where AHvn=ATDv(n+1)-ATOWN), this being stored-
in 8th memory means 15(B). :

With respect 1o the m continucusly cbtained vaiuss cf amount of voltage change difisrences AHv1 to AHvm, &

. judgmnt'bmby-mdjmnmmszaubmambpodﬁvo(z-mormur)ormglﬁn(bsm
zom).mduidaniudgmmmmzsmmrmﬁahmmthmmdmdm
amount of voitage change differences AHv1 to AHvm, to make a judgment as 1o whether ornot at lsast a preestablished
number of continuous values of said amount of voltage change difference AHv is or is not negative, and if S continuous
vaiues of said amount of voltage change differencs Akv are negative, a judgment is macie that said seconaary battery
has reached the 100% charge m«bhm1&%mmﬂnﬂxﬂambmm.mmmd
stopping said charging operation, which causes said charging-control means 9 to operate to tum switch means § oft,
and stop the charging cperation with respect 1o saig sscondary battery. -

Essentially, as shown in FIG. SA, when an approach is made 1o the fully charged condition, the rising curve cf said
voltage cata becomes graciual, and the above-mantioned difference becomas sither zero or negative.

Then, in the case in which said difference vaiue is either Zerd or negative, an appropriate counter vaiue is advanced
by 1, and when said counter vaiue reaches a given vaiue of, for exampie, 3, said charging operation is stopped.

‘What this means is that with the mathed of stopping the charging as described above in the present invention, it
thodﬁonmbommthqprwbusmodvdhgodmm:ymrymdmwm—muaofmdmo
secondary battery is either zero or negative for 3 times in a row; it will be assumed that the ssconcdiary battery has
reached a 100% charge level, and the charging operation will be stopped. oo

In the case of measuring the surface temperature of the ssconcary battery, of the temperature data amount of
change values ATDt stored in said 4th memory means 18, a caicuiation is performed to determine the change ratio
between the temperature data amount of change ATDIn at the 18t overall amount of change rsading sampling time tn
and the 2nd overall amount of change reading sampling time tin+1), which is formed by shifting by said amount of
ctiange reacing sampiing time (is) at a time, this change ratio of AHt (whers AHt=ATD(n+1YATDtn) being stored in
Sth memory means 19(A).

Subseguently, said change ratio AHt bstween amounts of temperature change is compared by 1st jucigment means
22 with a preestabiished refarence vaiue K, and if said change ratic AHt between amounts of temperature change
exceeds said reference vaiue K, a signal is outputfrom 1st judgment means 22 for the purpose of stopping said charging
operation. . .

Thus, as shown in FIG. 6B, in the region cf fuil charge, since in the rising curve of measured temperatures of the
secondary battery suddenly increases, the ratios of ATDt{n+1) and ATDtn for each amount of change reading sampling
time (1s) is taken, and if said ratio is greater than a preestabiished reference vaiue K, it is assumed that saii secondary
battery has reached 100% charge level, and the charging operation is sicpped. _

In said 1st judgment means 22, it said change ratio Akt betwesn amounts of temperature change difterences
exceeds a preesiatlished reference value K, the judgment will be made that said secondary batiery has reached 100%
charge leve! or the 100% charge leve! regicn, and a signal will be output for the purpose of stopping said charging
operation, the result being that said charging-control means § is operated to lurn said switch means 5 off, thereby
stopping the charging operation of said secondary battery. : '

With regard to the present invention, atthough the method of measuring the terminal voltage of said secondary
batiery during charging and stopping the charging operation i the judgment is madie that the charge ievel has reached
100% cr the 100% ragion, and the method of measuring the temperature of said secondary batiery during charging
and stopping the charging operation if the judgment is made thal the charge levsl has reached 100% or the 100%
region were described ssparately. in the present invention il is possidle to combine thase two methods, thereby anabling
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- 30 - a step 8 which perforns a cal cul ation, based on the val ues
of .ampbunt of tenperature data change [err] TDt stored in said 4th
menory neans, to deternine the ratio [err]H between the anmount of the

t enperature data change [err]TDt1 deternmined for a first said
overall sanpling tinme tl which runs fromsaid 1st sanpling-tinme (tsl) to

t he Mh sampling tinme (tasM for the predeterm ned Mth sanpli ng,
and the amount of the tenperature data change [err] TDt2 determ ned
for a second said overal | sanmpling tine'gt@ which runs fromsaid 2nd

sanpl i ng tlrre tsz the Mtlth sanpling tinme (tsMrl) for the

predet er mi n8 ﬁﬁ%% ﬁl‘leiul kel adufil/vorale catl/iSthdasure he
[err]H =[er Mﬁ‘ﬁ thiEredaating (RIS A lithes, thereby accu- 2
step 9 whi chuma@nmmdmmwﬁbmaﬁnmmm 1QROM], uha thereiBlicdbbetvie inl chabige &t
ratio val uesdg #{tars, in thinchaeging o @ pdchiidary bagery, WidD[t@icharge level of said seconcary battery is 100% or
omsngion the change in temperature becomes very gracual, so that if the sampling period is mads long,
nnpoulblote for example, detect the psak valus on the temperature variation graph, of 1o accurately and quickly
detect such conditions as a dropef! from the psak valus, or in addition, the condition in which thers is no change from
the peak valus over a given period of tims.

For this reason, thwm@ngmmwmbmmdeMMMﬂm
sible form is that in which, svery time a voltage ciata amount of changs ATDvn is measured sach saicamount of change
reading sampling time (is), a cifferance between that value and the previously detenmnined voitage data amount of
change ATDv(n-1) is determined, 2 determination is made as 10 whether that vaiue is either Zero or positive or 2zero,
and if the value is positive, a counter AS having a presstablished upper limit value W is reset 10 2ero, but if the vaius
is negative, the current said counter vaiue AS is incrementsd by 1, or a valus corresponding 10 said negative vaiue is
added to the AS, mrmmmmmmwmmw the charging cperation with -
regardbudueondarybmmyism

in the case.in which said cilflerence amount is zero, &t is possible, for exampie, 1o forcibly add a preestablished
negative constant Z (for example -2) to said counter value AS, so that it the clifference vaiue is Zero, indicating that the
voltage data curve isniot changing, it is treated as if it wers a negative vaiue for the purposes of processing.

Next, one concrete exampie cf the operating procedure for the high-speed charging method for seconcary battery
of the present invention will be described, with references mads 1o the flowchars of FIG. 7 through FIG. 5.

FIG. 7mm@ﬂ&9mwmmmmdmsp‘dﬁcmphduwm
method for secondary batieries of the present invention. First, at step (1), ths basic cata reading time th required to
reac data is set, operation procesding 1o step (2), at which the charging rate C which is & rated vaiue suitable for
executing charging with respect to said secondary battery. _

In the present invention, in acdition to being abile to charge secondary batteries having individually differing con-
structions, there being sscondary batteries of the same type but having differing charging rates, & is possible 10 aiso,
in accordance with the charging rate that is indicated as a specification, bymanhgwmlngoﬂudalmmunmm
vaiues, to collect pracise data, enabling accurate and high-speed charging.

Next, operation procesds 1o step (3), at which the adjustsd ciata reading time ta, which is characteristic 1o the set
charging rate C is set in accordance with the set charging rate C and said basic data reading time .

Then, at step (4), since in the case in which the measured voltage value amount of change is sither Zero or negative
a preestablished number of times, for exampie P, in a row, the judgment is mads that said secondary battery being
chargec has reached the 100% charge level or the region ot 100% charge level, and said charging operation is stopped,
if this occurs, at this step the preestablished vaiue of P is set into the counter |, which counts down.

" At step (5), in order to repeat the sampiing cperation every acijusted data reading time ta, which valus is charac-
teristics 1o the charging rate C, foraxample L times, aﬂpnmodnmwaﬁlmLuwmwmu which
controls said number of repetitions.

Next, operation proceeds 1o step (6), at which the time data corresponding to the adjusted ciata reading tims ta,
which is characteristics to the charging rate and which is set at step (3), is set into counter 1.

- After this, at step (7), when measuring the voltage and temperature data of the secondary battery being charged,
for the reason described praviously, the supply of current to charging said secondary battery is cut off at the instant of
the data measursment.

As described previously, the charging current at the time of these data measurements is cut off by tuming the
switch means 5 which comprises the transistor in FIG. 1 1o off.

After that, at step (8), the terminal voltage (dv) of said secondary battery being charged is measured, and at step
(9), the resuits are stored into 1st memeory means 13, that is, inmemory |.

lmhocamemanmr.atstep(w).msudmumporatun(m)ofaﬂsmmtybongehargodummumd
and at step (13), the results ars stored into the same 15t memory means 15, that is, into memory |.

Next, operation procesdis 10 step (12), at which the supply of charging current is starting once again 10 restarnt the
charging operation, after which at step (13) a jucgment is made as to whether or not either the voltage value or the
temperature vaiue just measured sxceeds the presstablished data limit value, and if said meaaured data doss exceed
said fimit vaiue, momdguwtumdehmmabmnnﬂwﬂmmmumdnhmbmoqbcmydumd
and said charging operalion is stopped.

If, Tiowever, both the voltage vaiue and the temperature value just murod are judged normal at step (13),
operation proceecs 10 siep (14), at which the set value of counter (lI is decrementad by 1, andop-mmprocudslo
step {15}, at which a jutgment is made as to vmothor or not the vaiue of sanu counter Hl i
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(n+l)/[err] TDtn, between the. anount of tenperature changes [err]TDtn and
[err] TDt (n+1) deterni ned for each pair of. adj acent sai d overal
sanpling times tn and tn+l, and stores the calculated results in 5th nenory
nmeans; a step 10 which judges fromthe information stored in said
S5th. nmenory neans whether the ratio [err] H betweer two adj acent
said tenperature changes is equal to or greater than or is less than a

gi ven val ue K; and a step 11 which, if the ratio [err]Hmis equal
to or greater thin the given value K, stoqﬁ_said charging 3 A nethod of
charging a secondary battery, conprising 1 whi ch sets the

basi c data “!"f'ﬁ%"‘[“b“ Ij & zory. B"['e‘&‘a'"ﬁm - ﬂ Sfmmmﬁ:ﬂ‘

sets the ch dm“"""' - v

mwnmam:mmmmmnmwmmmm
mm;.mwmdumpommmetmmummwpmmmmmung
cumulatively stored separately into said 15t memory means 15.

Naxt, cperation proceeds to step (17), a1 which 1 is subtracted from the setting value L of counter Ii, and operation
proceeds 10 step (18), whare a judgment is made as 1o whether or not the setting vaiue L of said counter Il is 2ero.

Thus, in the prasent invention, whils voliage data and temperature cata are meastured at least one time during
said adjusted data reading time ta, the associated cperations are repeated during a presstablished time, that is during
the measurement data amoum of change reading sampling time (is), a preestablishad number ol times, that is, L,
which causes repetition of said measuremaents, said value of L being arbitrarily settable.

Therefors, at step (18), § the setting value L of said counter 1l is not Zero; it means that the required number of
measurements has nct yet been reached, so that retum is made 10 step (6), at which the above-mentionsd steps are
repeated.

If, however, at step (18), the selting vaiue L of said counter li is 2ero, this means that the required number of
measuraments has been reached, 3o that operation procesds 10 step (19), a1 which a calculation is performed 10+
detenmine the sums, Dvn and Din, of the voitage anct temperature data vaiues that had been stored into 1st memory
means 15memmnwngmnmmmmmmmmm
16 (memory ).

mn,am(zormmmommwmmmmmmmw the difersnces between
the values Dv{n-1) and Dt(n-1) stored into memory |l the immediately previous measuremant and the values Dvn and
Dtn of the current measurement, that is, the amounts of change between the data measured atthe current measuremant
data amount of change reading sampling time (is) and the data measurad at the immediately previous maasurement
cata amount of change reading sampiing time (ts-1) are caicuiated, at the step (21) the resulting ADv and ADt are
stored separately into said 3rd memory means 17 (memcvy Iif).

Afterthis, at step (22), using the data ADv and ADt which had been indivicually cumulatively stored into 3rd memory
~ means 17, said amount of change data ADv and ADt cbtained at the current measurement data amount of change

reading time (ts1) are acided reapectively to the amounts cf change ciata obiained at the immediately previous meas-
um-mmmmmdd\mmmdingm(w) the results of ATDv and ATDt being stored separately into 4th
memory means 18 (memory IV).

At this step (22}, said measursment data amount of change reading sampling time (1s) is set a number of times,
tormmpleums.mmmmdmdmmddnngomvﬂmmamuﬂnmm
times (isn) is caiculated. ’

For this reason, at step (23), a judgment is made as to whether or not the total number of data stored in said 4th
memory means 18 (memory [V) is a presstablished number, for example M, and if the result of this judgment is NO,
the judgment is made that the measursment data amount of change reading sampling time (is) has not besn rapeated
the preestablished number of times M, and retum is made to step (5), after which step the above steps are tepeated.

if, however, the result of stdp (23) is YES, operation procesds 1o step (24), at which a calculation is made, with
regard 1o the measured voltage data, from the overall amount of change data which had been stored into said 4th
memory means 18, 1o determine the difference value AHv (whers AHv=ATDv(n-1)}-ATDvn) between the amount of
change from the immediately previcus measurament cata, that is, the overall amount of cata change ATDvn, which is
based on the M data measurements at said measurement data amount of change reading sampling times (ts1) to
(tsm), and the amount of change from the current measurement cata, that is, the overall amount of change ATDv(n-
1), mwsmmmMMmmmmdMMmMMdmmmm
(130) to (tsM-1), and at which also a calculation is made, with regard 10 the measured temperature data, from the overali
amount of change data which had been stored into said 4th memory means 18, to determine the change matio vaiue
AHt (where AHt=ATDt(n-1)/ATDin) betwesn the amount of change from the immaediately previous measursment cata,
that is the overall amount of data change ATDin, which is based on the M data measurements at said measurement
data amount of change reading sampling tirmes (ts1) to (tsm) and the amount of change from the current measurement
data, that is the overall amount of data change ATDIn-1, which is based on the M data measurements of said meas-
uremaent data amount of change reading sampling times (130) 1o {tsM-1), the results, AHv and AHt, of said calculations
being siored, respectively, in 6th memory means 19(B) (memory V1) and 5th memory means 19{A) (memory V).

Atter that, at step (26), 2 judgment is made as to whether or not measurement cata is voitage cata, and # the result
is NO, operation proceeds 1o step (27), at which, as shown in FIG. 68, a judgment is made as 1o whether or not said
overall amount of change, AHt, of said measurement datanhrgormanapwuhodvalm.wwm value
K. and 7 the resutt is YES, operation proceeds to step (28).

Thu:.'thowomllmmoluldtompcmuummudchangeAmmannhoMnmud measurement data
amount of change reading sampling time (181) o (1sM) is shift one.said measurement —]
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a step 3 which sets an adjusted dat a. readlng tinme ta according to the set
charging rate C and said basic data reading tinme tb, said adjusted
data reading tine ta belng characteristic of said charging rate C;

a step 4 which, during the charging operation, uses an appropriate sanpling
means to neasure the tenper- ature and the term nal voltage of said
secondary battery respectively, at -least once during each said adjusted
data reading tinme ta and which stores the neasured tenperature data val ue
and the neasured tern nal val jgge data value at that tinme into an

appropriate 1st nenory neans res ect| veI V. | step 5 which repeat s
* E& [ o= ﬂ::% %ﬂtﬂ 10/ EsMe1)
Haf rE&B&md

o9

.t he oper at IM$M1 over

respect ive - (14

val ues and :af" ' Wdﬂ%%d&ﬁqﬂ%ﬂﬂ%1&%mdumﬁgmch

sai d adj ustd tie that2harge sielrand the cergitgrapergtioeis sioppedatpisipei). t i Nnet s where ts= Lxta

and stores thmlpeypewmemb"ﬂMSﬂﬂwm'M"’B-f'"l‘ﬁé‘%m-t'?’mn

an appr Opr i B et D AN own in FIG, 2 through FIG. 4, for a secondary batiery of any configuration,
in the case in which the charge level sither reaches 100% or the region of 100%, or exceeds the 100% level, since the
measured temperature data rate of rise changes suddenly from its previous gradual increass 1o 8 rapid rate ot rise,
this condition is detected, m;mmmmumamm«mmatmmmu orthe
sxceeding of the 100% charge level.

if at step (27) the jucgments result is NO, mmmpmwmm).dmmmmmdmﬂamg
the overall amount temperature measurement data amount of changs, ATDt(n+2) for the M temperature data over the
measuremant ciata amount of change reading sampling time (183) to (1sM+2) by shifting ssic measurement data amount
of change reading sampling time (ts) one at a time, after first delating the first of the Mismperature measurement data -
currently stored in memory V, retum is made to step (23), after which the above cperations are repeated.

At step (28), it the result was YES, the cperation procesds to step (30), at which a judgment is made as to whilther

. the changse in said overall voltage cata amount of change, that is Allv, is 2010 or negative less than zero, and if tha
result was YES, upcmmpmwmp(suummmmngdmmmmbw and
then 10 step (32), at which a judgment is macie as to whether the setting value P of said counter is P, and If the result
is YES, operation proceeds to step (28), at which the charging operation is stopped. When the resuit was NO at step
(32), retum is made to step (7). after which the above cperations are repeated.

Thus, in the present invention, as shown in FIG. 2 through FIG. 4, for a secondary battery of any configuration, f
the charge ievel reaches 100% orthe region of 100% or excesdis 100%, the measured voltage data which had previously
been rising is sesn to start to fall or rermain unchanged.

Tharetore, in the present invention, for any sscondary battery, 1o detect the condition in which the charge leve!
has reached 100% or the 100% region, a judgment is made as 1o whether the overall changs in the amount of change,
that is, the difference amount AHv is 2ero or negative, and further a determination of whether the differencs vaiue AHv
" has been Zero or negative for P times in a row, and ¥ so, the judgmant is made that said secondary battery has reached
the charge level of 100% or the region of charge level 100%, and the charging operation is then stapped.

InmapmmmmmmomwuoPdaﬂmrlmumbwmuummmph
ftcanbessttoaPvaive of3. -

Thonfon.mhumo.Mluhdwomummaﬂvsmummsm“nammomt_
is madie that the charge levei ot said sscondary battery has reached 100% or has reached the 100% region, and the
charging operation will be siopped, i in any 3 consecutive measurements the cifference value AHv is positive sven
one time, the setting vaiue of said counter | is resst 10 the original setting valus P and the above-stated judgment is
répeated. S )

. On the cther hand, at step (30), # the result was NO. in step (33) the ssiting vaiue of counter | is resst to P, and
operation retums 10 step (4), and thersaiter each of the above-siated steps is repsated.
muonmwmmwdmmmmmmmmwmnwmdp
and counts down sequentially, in accorgance with the result of measurements, so that when the setting value P is 0
the judgment is made that the charge level of the secondary batery is 100%, it is also possibie 10 reverse this, by
setting said counter | to an initial vaiue of 0 and having said counter count up sequentially according 1o the results of
maeasurements, and when the setting vaiue of said counter | reached a preestablished value of P, to make the jucdgment
that the charge lsvei of the sacondary battery is 100%.

However, in either of the above-described methods, during charging, there |sadangurmm charging operation
will be stopped if for some reason the variation in the difference values of said data is Zero or negative three times
consecutively, sven at a point at which the charge level is not that high, so that to soive this problem, in the present
invention, since the output voltage cf the various secondary batterias in tha region of 100% is known beforehand, it is
desirable 1o make the configuration such that the cutput voltage of said secondary battery is constantly measured and
the resuits monitored, so that the above-described calculation mathod is only valid in the case in which said output
voitage is above 70% to B0% of the secondary battery's nominal output.

in the high-speed charging method for secondary batteries of the present invention, as described above, it is
sufficient to at lsast measure the terminal voltage cata of said secondary battery, so that the amount of change in the
termindl voltage data are detecisd, and i is also possibie 10 measure the suriace temperaturs data of saii secondary
battery, so that the change ratic in the suriace temperature is detected.

In acdition, in the present invention. it is aiso possibie to.make use of both temperatuse m mﬁ EET
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a step 6 whi ch cal cul ates the differences [err]Dv,[err] Dt between the
values Dvl Dt1 of the respective summtions for the 1lst sanpling
time (tsl) andthe values Dv2,Dt2 of.the respective summations for the next,
2nd, sanpling time (tsZ) obtained in step 5, and which stores the
resulting differences. [err]Dv,[err]Dt for tenperature data and

termnal voltage data in a 3rd nenory neans; a step 7 which
continuously repeats step 6 a predeterm ned nunber of tinmes M and formns
respective further summat i ons qf 4tahe val ues of [err]Dvl to

[err] DvM M“val USSadldl €rr1Dt1 to [err] M M val ues, - obtai-ned for
respective mmgﬁm m&% :mmfn%Monm-ﬂﬂéﬁﬁmsﬂﬁobbm
anount  of tem&ma&um.slmw 3 SuB3ACER} baféry i 1054 Ehidgell is set 104, and constant
vol tage dataisamamge, [err] TDt and. [err]TDv respectlvely, for an overal |
sanpl i ng ti me \naddiigh.at step (23Xit4ye Rmbetotrepetitions M isset 108, said meapytamy amoErtc! hangy reading
nenory neansm"'g"““")“‘&”%f (ﬂ?ﬁf‘ﬁ'ﬂm 8 repetificop pt mwmﬂe

amount  of V g l«. M%ﬁcbnmwmmdom«vamaorm

n
p.munmumunammmbhmmtm and in such cases i is also possible, instead of repsating the above-
smwmmumcmmanwnddmgonadinganplnglﬁm(mums.bmwmammt
of change ADv and ADt 10 jucige the charge level

Thau.nhodurgngmmeddm;nummhhomhMaﬂmmqhuam
siderable residual capacity, there is 2 possibillty that 100% charge leve! will be rsached in & short period of time, and
since if the charging is continued without-naticing this, the temperature will rise, leading 10 a danger of deterioration ot
the secondary battery, to prevent this danger. it is desirable 10 provide safety measures in addition to the basic charging
method of the prasent invention, :

mmrmmpnampmmwmmmmmWMmemdns
10andFIG. 11, .

While the flowcharts of FIG. 10 and FIG. 11 mmmmamnmmdns.mmm.sm

! Maawmmmmmammmmm“mw«mn
the mathod of calculation and judging performed at individual steps.

That is, in the specific exampis shown in FIG. 7 through FIG. 9, in periorming voltage measurements, ior example,
said voltage data is totalec within the measurement ciata amount of change reading sampling time (ts), so that in the
case of the charge levs! of said secondary battery approaching 100%, becauss the voitage sxhbits particularly small
changes in a short period of time, it is desirable to constantly track the changss to detect such a condition, and in the
present invention the configuration is made such that, for sach measurement data amount of change reading sampling
time (ts), detaction is performaed of how saii voitage data is varying, so that if said voltage data variation sxhibits &
particuiar concition, as shown in steps (24) through (32) in saiki FiGs. 8 and 9 after repeating the voliage msasurement
dmmlnstsmsumommmmdmngcmmmm.hmmm
can be stopped befors judging the charging condition. :

FIG. 10 and FIG. 11 show the flowcharts of the operations performed in practicing the cthar specific exampie of
the present invention, wherein becauss step (7) through step (20) are the same as in the flowchart of FiGs. 7 and 8,
thess steps are omitted from FIG. 30, with the flowchart beginning with the step corresponding to step (20) of FIG. 8.

Note that in the following steps 120 and 121, the same calculation as indicated in step 20 in FiG. 8, are carried out.

Essentially, in FIG. 10 and FIG. 11, based on the data Dn that is caiculated and stored into the 2nd storage means
betors step (120), a calculation is performed 10 determine the differsnce ADv (where ADvzADVN-ADVn-1) between the
voitage cata Dvn-1 at the immaediately previous amount of change reading sampiing time ts-1 and the voitage data
ADvn at the current amount of change reading sampiing time ts, and in acidition in step 121, a calculation is performed
in the same manner 10 determine the difference ADt {where ADI=ADin-ADtn-1) batween the temperature data Din-1
ammmmmmm;mmm and the temperature data Din at the current amount of
change reading sampiing time ts.

After the above is done, at step (122), said difierence ADv (where ADv=ADvn-ADv-1), which is the amcunt of

. change in said voltage data, is stored into memoyy IV (Vgyps). and at step (123), said difference (ADt=ADtn-ADIn-1),
which is the amount ot change in said lemperature data is stored into memoery IV.(Taes).

Next, in said specific exampis of the present invention, in panicular with regard to voltage data, it is desirable to
daetect the width of variation occurring over a short period of time, and for that reason, at step (124), said diference
ADv is judged as being either a non-2ero positive value or not, and if the result is YES, operation proceeds. to step
{126) at which AS is reset 10 Zero.

Easentially, what occurs is that, if the differance in the amount of change in said voltage data between the 1st
measuremant data amount of change reading sampling time (181) and the 2nd measurement data amount of change
reading sampliing time (152) is positive, this indicates that said voltage measurement ciata is increasing, and in this
case, the judgment is mada that the charge level of the secondary battery has not reached 100%, so that constant AS
which indicales a change in said voltage measurement means is reset 10 Zero and operation proceeds 10 step (127).

On the cther hand, a NO result occurs at step (124), that is, it the voitage data is either decreasing or constant,
operation proceeds instead to step (125), at which the current said difference vaiue ADv is added to immaediately
previcus vaiue of constant AS and the value presstablished consiant vaiue X is subtracted trom this, the result being
taken as the new value of constant AS.

In this example, since the value of ADv is negative, the result is that both the difference ' ,
_ ’ REPLACEMENT SHEET

23 JAN 1999




menory neans, to determine the difference [err]Hv between the anount of
vol t age data change ATDv1l deter- mned for a first said overall
sanpling time tl which runs fromsaid 1st sanpling tinme (tsl) to the Mh
sai d sanpling time (tsM for the predeterm ned Mth sanpling, and

t he amount of voltage data change [err] TDv2 determ ned for a second
said overall sanpling tinme t2 which runs fromsaid 2nd sanpling tine (ts2)
to the sanpling time (tsM+l) for the predeterm ned Mrl-th sanpling,
said calculated difference [err]Hv, where - 14 -

[err] Hv= [EHMZ&GWMMWWGMMW means: a
step 9 which r e, umatqve-SiawdichetanCZib & chuating cogsuenk &EMMMPE}%WH”
where [err] wpwmmnmmmwm _ﬁgﬁ ]
vol t age chan Et"e'rm&"f'& emch parr "31’"“
adj acent sai B at step ( q, me&anqskwmmmm
cal cul at ed re.ﬁmm ..u'rﬁ maa&mwmmﬂuﬁ%iﬁl Gtltrie @étoganiyl Bamsry is at

whet her the ﬁﬁoﬁw’&d 0D Copr@iion ProcepaG sp1BS) 1 whishtiejchirgingapestionisiiappede, | . e
Zero or great ertnatis, mmummmo.aumwuww.mms mummznzmuammo
value ADv is zero 3 times consacutively, that is, il thers is no changs, the foliowing sequencs will occur.

Atter 118 | AS=AS-aDv-2s0-0-2=-2
After21s | AS=AS-ADv-Z=-2-0-2=4
Alter 315 | AS=AS-ADv-22-4-0-2=-6

Thus, the charging operation will be stopped at the point at which the third repetition of the measursment data
amount of change reading sampling time (ts) is mades.

Byvnydpmﬁtgmmvmhmmdluu lennnph the case in which the basic data reading
umolbrcquudicrludngdma.wsoﬁmmMdemlmwut the charging rate C at whicir
the seconcary battery is to be charged is set 10 4, and said constant A is set to 16.

in addition, in the case in which the number of repatitions M of the measurement at the measurement data amount
dwmgomdngmmmm)hmw&wﬂMwnmb-s and the constant Z is set10 2, if the
ommgdammmwhmmeMdmgumu the meas-
unmmdmmmdchmgonadngmmm(u)brmmumgmeha@ngvdngommmu
be (0.75x16/3)x4=18 seconcs, and the battery voltage, ADv, and AS with respect to each measuremsnt data amount
of change reading sampiing time (ts) would be as follows.

ts Battery voltage | ADv | AS

s 832 |832 | O
2 831 “1 -3
TS €29 -2 7

From the above results, the charging cperation with respect 1o the secondary battery would be stopped at the
muummuhoﬁrdmmmm«udammmofdmgonaﬂhgamplngm (u).motlmnqwcdtorm
1o occur being merely 48 milliseconds.

At step (128) in the flowchart of FIG. 10, mmmummmmamummmudn

- * said memory IV (Vgysg) afterthe M repetitions of the oparations of step (22) through step (23) of FIG. B, a calculation
pertormad to determine the diffierence valus AHv betwesn the current amount measuremaent data change, that is, the
total amount of change, ATDvn, based on the M measurement data at said measurement value amount of change
reacing sampling time (ts1) 1o (tsM) and the total vaiue of the immediately previous amount of measurement cata
change, that is, the overail amount of change basec on the M measurement data at said measurement data amount
of change reading sampling time (150) to (tsM-1), anci at step (129) a jucigment is made as to whether AHv is positive -
or negative or zero, and if it is positive, operation proceeds to step (131), at which the vaiue N of an appropriate counter
is reset 1o zero, after which opsration procesds to step (132)

If, however, said differance vaius AHv is 2er0, the value of said counter is not changed, and if said difference value
ARFv is negative, opomnnpmodstoncp(ﬁb).ﬂwhichthovalueNolnlidcounurisinetmcnmdby"l after which
operation procesds to step (132).

Theeﬂectdmwnmatnmsspecﬂicmmh aMchmnmdootwhaxemdlwn i any, said difference vaiue
AHv is maintaining continuously, and in the same manner as in the previously described specific exampie, in the case
in which the vaiue of said difference AHv is negative N times consecutively, said secondary battery is judged to have
reached a chargs level of 100% or the region of 100% charge level, and said charging operation is stoppec.

The vaiue N of said counter can be set appropriately as dasired, and in an actual example, can be set to, for
exampie N=3.

In the present invention, becausae, as shown nstcp(124)mroughsup(127).IlADviu¢m it is assumed that the
negative condition axisis, even at said step (128), even i said voitage measurement data is maintaining a peak vaiuse,
the condition in which the difference value Akv is zero will not occur, so that this will be countec as a negative value.
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than zero, or negative, i.e. less than zero; _ a step 11 which
performs a cal cul ation, based on the val ues of ampunt of tenperature data
change [err] TDt stored in said 4th nenory neans, to determ ne the
ratio [err]H between the anmount of tenperature data change

[err] TDt1 determ ned for a first overall sanpling time t1 which runs from

said 1st sanpling tine (tsl1l) to the Mh sanpling tinme (tsM for the
predeterm ned Mth sanpling, and the anount of tenperature data change
[err] TDt 2 determned for a second said overall sanmpling tine t2
which runs fromsaid 2nd sanpling tine ‘(t1552)' to the M+1t h sanpl i ng
time (tswl) MWanm(MMtimlwmrMMMQMm
[err] Ht, vxmnemmmunw[-eﬁs]we{-om /vftemlmaw mm ot e, -

hommmdﬂamumaemngomndmmqlvrrm)umpuza)nmwuupammsm
made, a determination is made of the current amount of measuremaent data change, that is, the overall amount of
change, the total value ATDtn, based on the M measurement ciata at the measurement data amount of change reading
sampling time (151) to (1sM), and a cetermination is made of the immediately previous total amount of change, which
-is the overall amount of change ATDt{n-1), which is based on the M measursment cata al ssid measurement vaiue
mdmmmm(M)to(uM—ﬂ.“anismaswmummm
vaiues are a pressiablished valus .

Inmmnmﬂmgmmdmmmmmﬂmmdmum
mmammmtmmnmdmmmmmmmmmmm1m
region, an erronecus stoppage of said charging operation would ocour, 1o avoid this condition, since the temperature
rise of said saconcary battery during charging is known beforshanc, ciata reiated 10 the normal amount of temperature
change occurring when the charge level reaches the 100% region is sat as the required data, for sxample by setting
an appropriate vaiue of c is set into an appropriate memory, in which case a retum wouid be made to step (7) of FIG.
7, moummmuqsmum

lnmmnmnmmnmmuwmdwwmmmw
greater than the presstablished valus c, operation procesdis 1o step (134), at which a judgment is made as 1o whethar
the rate of change AHIbaiwesn the current amount of measurement cata change, that is, the overall amount ot change
ATDn, which is based on the M measurement data at sai! measurement data amount of change rsading sampling
time (ts1) to (1sM), and the immediately previous amount of measurement data changs, that is, the overall amount of
change ATDIn-1, which is based on the M measurement cata at said measurament cata amount of change reading
sampling time (180) to (tsM-1), is or is not grester than a preestablished vaiue, for exampis K, and i the result of this
jucigment is YES, the charging operation is stopped.

if. howsver, the resutt was NO, retum is mads 1o step (5) of FIG. 7, whereupon the sbove-described steps wouid
be repeated.

Whatfoliows is an explanation of the results of using the seconciary battery charging method of the present invention
to charge secondary batteries of differing constituent siements and under different charging conditions, with reference
made 1o Table | through Table V and FIG. 12 through FIG. 20.

Table | shows the case of using the secondary battery charging mathod of the present invention suitable for nickel-
cadmium batteries having a charging rate of 0.25C, and wherein the settings: '

the basic data reacing time required to read data,
1=0.75 sscond;
counter li vailue L=4;

.- charging rate C=0.25; -~
Setting constant A=16; and’ :
Nmrdummummmmmwumnmnmmmmum
reading sampiing time (ts) anmmmmdmmm

-In this specific example, momdmmwmm.a. would be
13(0.755¢16/0.25) X 4=192 seconds.

Table | shows the voltage measursmant data at each measurement cata amount of change reading sampling time
{ts), mmlammtotvongacmngaATDvauupﬂ&)dFlG 10, and the counter value N at step (130) and step
(131) of FIG. 10.

Esmuallyn?abhImmqmmm:mnwmwmodmmwdmmmcmmmd
change reading sampling time (ts), and the overall 10tal amcunt of change A TDv indicaies the diflersnce value between
the total of the shilt vaiues summed over B times at sach of the measurement data amount of change reading sampiing
times (tsl)to(ua)andlomofmoohmvaluusmmdmratmsatueholmo rmuummntmamumd
change reading sampiing times (ts2) 1o (t9). _

The count vaius N, in accordance with above-stated step (125) through step (131) in FIG. 10, is added 10 or
subtradled from, depending upon whether said difference vaiue AHv is positive, negative, or 2ero.

_That s, curing the period from ts1 10 ts8, since there is NO previous data, the output idl difference AMv is 2610,
mMNQMVMNmimum.bmatus.uidlpulumﬁmumnmﬂovnmm A ,
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value of -521 is nagative, mu!ungauidmnmoﬂmm«lby\ :

Next, at 1810, nmommamummdmﬂbvmzl said ditierence amount
AHv takes the negative valus of -8, 30 that saii count value N is incremented by 1, making said count vaiue 2.

In the same manner, because up 10 ts15 said ditterence valus AMv is continuously negstive, sound count value N
is incremented by 1 each time, 30 that the count vaiue is 7 at 1315,

Howevaer, in this spacific exampie, in general, saidcountvaiue isset10 3, nmmommuw
when said count vaiue exceeds 3, so that afthough in this specific example the charging operation is sioppsd at ts11,
since the battery voltags of said seconciary battery which has reached 100% charge level is known beforshand, it is
" pessible to perform processing so that, ag long as that voliage is nct sxceedad, the data value of said counter is not valid.

For this reason, in this specific example, if the battery voltage of said secondary battery is set o, for axample, to
saovmnmmmummmuummmmmmmmmmvmw
be no probiem of the charging operation stopping at 1811,

Furthenmors, 8t 1518, since the difierence vaius AHv becomes -1, the counter value is reset from 710 0.

The same type of operation is repeated, and at 1880 because the battery voltage is 600 V and said counter vaiue
is 3, said charging operation is stoppac.

FIG. 12 shows a graph of the measuremant ciata of Tabls {, with ts piotted aiong the horizontat axis, and in FIG.
13, pictted trom the raw data of FIG. 12, the solid line shows the plot of said total amount of change ATDv for sach ts,
and the dotied line shows said counter vaiue N plotted for each ts.

Tmummmdmmmmmmdmmmmmm«h
cadmium batteries having a charging rate of 3C, anct me

the basic data reading time rlqumuorndun.

t6=0.75 second;

counter [l vaiue L=4;

charging rate C=3;

Setting constant A=16;
Numdmdmmmmwnmaam“mmmmdm
reading sampling time (i8) Mz8; and

constant K=2 were mads for the execution cf the charging operation.

in this specific example, the amount of change reading sampiing time, ts, wouid be te={0.75X 16/3)X 4=16 seconds.

Tabie Il shows the battery temperature measurement data at aach measurement data amount of change reacing
sampling time (ts), the total amount of temperature changs ATDL at step (123) of FIG. 10, andmoehangombAth
the amount of temperature change at step {134) of FIG. 10.

mnWollmmmumsmmmmummmdmmm
change reading sampling time (18), the overall total amourt of temperature change ATDt indicates the difference vaive
betwesn the total cf the shift values summad over B times at sach of the measurement data amount of change reading
. sampling times (ts1) to (ts8) and! total of the shilt vaiues summad over B times at each of the measurement data amount
- of change reading sampiing times (ts2) to (1s9), mmmmmummmmdAm
that is

| AFI=ATDIVATDIN.

In accordance with the operation of above-stated step (34) of FIG. 10, the change ratio of tsmperature change
Art is compared with above-described pressiablished consiant value K=2, and if AHt is squal to or greater than 2 (i.
&., AHt2K), because it can be predictad that the charge fevel has reached 100% or the 100% region, said charging
operation is siopped.

in the data of Table |i, it the denominator of the expression for AHI=ATDIVATDIn-1 is Zera, an error is indicated.

In this specific example, at 1857, the data jor said rate of change of temperature changs AH=ATDIn/ATDIn-1
excesds the constant K=2, 80 that at this point said charging operation is stoppad.

Fig. 14 is a graph of with regard 1o battery temperature maasurement data shown in Table if, \mthapm.dnlong
the horizontal axis. .

Table Ill shows the case of using the secondary battery charging method of the present invention suitable for nickel-
cadmium baneries having a charging rats of 3C, and wherein the seftings:

the basic data reading time required to read data,

1b=0.7S second;
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- 31 - a step 12 which repeats .the operatiohs of step 11 while
calculating the ratio value [err]Hn, where [err]H n=[err] TDt
(n+l)/[err] TDtn, between the anount -of tenperature changes [err]TDtn and

[err] TDt (n+1) determined for each pair of ~adj cent said overall
sanpling time tn and tn+l respectively, and stores the calculated results
in 5th nmenory a step 13 which judges fromthe information stored
in said 5th nmenory nmeans whether the ratio {frr]Ht bet ween t wo

adj acent said amounts of tenperature change™1 s equal to or greater than or
is |less thanm‘g!‘M'—vﬁl ue K; and a step 14 which judges, for said
t enperature c uLerr]HtmequaI to or greater than the

predeterm negz %mm&@m&@wwwamu%m%%&al d
difference v thahangriy cBle

in this specific exampie, the mmtold:m_go reading sampling time, ts, wouldbcue(o.7sx1sla)x4=1s secongds.
Tabie lll shows the batiery voltage ciata at each measurement data amount of change reading sampiing time (is),
the tolal amount of voltage change ATDv at siep (122) of FiG. 10, mmmnmnampnao)mmp(m)
. of FiG. 10.
Esum:a!lymmﬂwmmmmm‘adﬁbbIll.mhosmtypodmunabonml and
therefore no particular separate expianation will be provided, atthough &t can be said that this indicates that the same
type of operations as in tha case of Tabie | snable charging in a short period of time with a large cutrent, and in particutar
that, at 3C, at the point of ts61, because charging is compieted, the charge is seen 10 have besn compileted at a time
approximately 16 minutes from the start of charging operation.
FiG. 15 and FIG. 16 are graphs that correspond 1o above-discussed FIG. 32 ang FIG. 13, .
. Table IV shows the case of using the secondary battery charging mathod of the present invention suitable for
- nickel-hycrogen batisries having a charging rate of 0.25C, and wherein the seftings:

the basic data reading time required to read data, -

tb=0.75 second;

counter 1] value L=4;

charging rate C=0.25;

Setting constant A=16; and '
monm.rdupoﬁmofﬂnmaumnmnbcpoﬂmmuch mummmamumd
change reading sampiing time (ts) M=8 wers mads for the sxecution of the charging operation,

in this specific exampie, the amount of change reading sampling time, ts, would be
18=2{0.75 ¢ 16/0.25) X 4=192 saconds.

mlvmmmeammmmmmdmmm;mm).
the total amount of voltage change ATDv at step (122) of F1G. 10, andmoeounmvaMNmmp(‘lm)wm(‘lsﬂ
of FIG. 10.

Essentially, the batiery voliage data and other data of Table 1V, are the same type of data as in above Tabls |, and
therefore no particular separate expianation will be provided, atthough it can be said that this indicates that the sams
type of operations as in the case of Table | snable compiste charging of a new type of secondary batiery, the nickel-.
hydrogen battery, at ts79, which if in a pericd of time of 252 minutes.

FIG. 17 and FIG. 18 are the graphs that correspond 1o above-discussed FIG. 12 and FIG. 13.

Table V shows the case of using the seconciary battery charging method of the present invention suitable for nickel-
hydrogen banteries having a charging rate of 1C, and wherein the settings:

the basic data readling time required to read data,

tb=0.75 second;

counter if valus L=4;

charging rate C=1;

Setting constant A=16; and

the number of repetitions of the mummmtmtobepoﬂomdatnch measurement data amount of
mmmgmmgmm)memmmdmmgm

In this specific exarnpie, the amount of change reading sampiing time, ts, would be ts={0. 75x18/1)x4:48m
Tahhvmthebmuyvonagodamatuchmuummmmmtoimmmpm(u)

mo;omlmntolvonagomangoATDvmsup(tzz)olFlG 10, and the counter vaius N at step (130) and step (131)
of FiG. 10.

Essentially, munmmmmmormadmv lnmomtypooidataumabov-'rabhl and
theretore no particular separate explanation will be provided, although it ¢an be said that this indicates that the ll!l'll

typoolopommunhcaudhbblombbmlmdmgngdamwtyp-d ..
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di fference value [err]Hv is zero or negative for S tinmes continuously, and
if said difference value [err]Hv is zero or negative S tines
continuously, stops said charging. 4. A nethod of charging a secondary
battery according to claim1l1, 2, or 3, wherein when said sanpling neans is
used during charging to nmeasure the term nal voltage or to neasure the

tenperature of said secondary battery at . each adjusted data reading

time ta, the supply of charging current to said secondary battery is cutoff

when making t he measurenent. 5. A metbd of chargi ng a secondary

battery acc {ECY's 2.8 period g tima of 63 maytes; 34 - sai d_sanpl i ng neans

i s used glblbtle ORI P conasRend 1f &m&;&,&%&e sure

the tenper adddriBed@icnnicdlicshfigiratich of diflering types, in consideration of the mutually dif-
fering charging characteristics exhibited by the batteries, such as terminal voltage or temperature, it is

possible to determine the common characteristics of secondary batieries having differing constituent slements, to
mumodotommpmummmhvoluaehunuw1m.¢mblhgmtonlymmmomms
to be used o reliably charge seconciary batteries of difiering construction, but aiso enabiing the accurate determination
mmommmlmgmmhgpmm.m_qubkmmmammammmwm.s
a level of nearly 100%, and the stopping of the charging process at that point, the result being not only a reiliable
avoidance of the problem encountered when the charging is continued even after the charge level has excesded 100%,
mmmﬂgwmmdmmmqwﬁum-hmdmmmmmmmb
mumwmmmamummdmmmwmm
1o the speed of charge, or charge rats, thereby enabiing charging of secondary batteries which are of the same con-
wmmm«mmm.tmmhmmpwwmaw
ries.

That is, in the present invention, in addition to being able to chargs sscondary batieries having individually difering
mmmgmmummwmmaommmuummg
mhmmmomthmmbMuamme&mdmw“&
urement values, 1o collect precise ciata, enabling accurate and high-speed charging. .
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each adjusted data reading tine ta, if measurement of even one of these

val ues indicates a |level exceeding a = . predeterm ned abnornal val ue

| evel , said charging operation is interrupted. 6. A nmethod of charging a
secondary battery according to claiml1, 2,7 3,4, or 5 wherein said adjusted

dat a reading time ta is calculated fromsaid charging rate C and said
basic data reading tine tb by the exprssion ta=tbxA/ C in which Ais a
constant. 7. .A nmethod of charging a secondaLylgaLtery according to claim .
1, 2, 3, 4, 5, or 6, wherein in a step which répeats measur enent of
term nal voltage data Mtinmes continuously sach said data change reading
sanpling tine ts, at each tine 2o81@® Jortbye data is neasured each said
sanpling time ts, thegamougl, of Y35 bR WAL o1 TV S
' 1 524 524 0
2 '§32- : '$32 0
3 539 539 0
4 542 542 0
S 547 547 0
.6 549 : 549 0
7 552 ' 552 - 0
8 553 §53 0
9 556 32 1
10 556 - 24 2
1 558 19 3
12 559 17 4
13 - 560 ' 13 5
14 560 ' B & | 6
15 560 ' 8 7
16 562 9 0
17 563 ? 1 N
18 = 564 8 0
19 564 6 1
20 564 5 2
21 564 4 3
22 564 - 4 3
23 566 6 0
24 568 6 0 -
25 _ 568 L3 1
26 ' 568 4 2
27 : 568 4 2
28 568 4 2
‘2% 568 4 2.
30 568 4 2
31 568 2 3
32 568 0 4
33 - 569 1 0
34 571 3 0
35 571 3 0
36 571 3 0
37 571 3 .0
. - 38 572 . 4 0
39 572 4 -0
40 572 4 0
41 572 3 1
42 572 1 2
43 572 1 2
44 572 1 2
45 572 1 2
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cal cul ated, a judgnent is nmade as to whether said amount of voltage data
change [err]TDv Is positive, negative, or - zero, and if it is positive,
an appropriate counter value [err]S which judges a condition of a change in
anount of the vol tage data change [err] TDv, is reset to zero, but if
sai d amount of voltage data change [err] DIv is negative or zero. said
counter value [err]S has added to it said [err] TDv val ue, said counter
value [err]S being updated to the added yajgle. after which said counter
value [err]S is conpared with a preestablished reference value W and if
said counter val ue [err]Sis smaller than said reference value W said.
charging operation is stopped. 8. TabdstKoe 2y charging a secondary '
battery according to claim?7, wherein when the anmobunt of said voltage data
change [err] TDv is zeso, apsuweryt ¥bllraged(vpl ue &rpvn subtraaed from said
counter val ue [err]st . , : _

| 572 - ) 3
47 574 2 0
48 576 4 0
49 576 4 0
50 . 576 4 0
51 577 5 0
52 576 4 1
53 576 4 1
54 577 5 0
55 576 2 1
56 ' ‘576 0 2
57 576 0 2
58 577 1 0
59 577 0 1
60 576 0 1
61 579 3 0
62 580 3 0
63 580 4 0
64 580 - 4 0
65 580 4 0
66 . 580 3 1
67 581 4 0
68 ' 584 8 0
69 584 5 1
70 586 6 0
71 588 - 8 0
72 530 10 0
73 592 12 0
74 594 14 0
75 596 15 0
76 596 12 1
77 . 599 15 0

78 : 600 . 14 1
79 600 . 12 2
3

80 600 g 10
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9. An'apparatus for charging.a secondary-battery conpri si ng: oa
current-supplying means (3) for supplying electrical current to the cells

of a secondary battery (2) requiring char gi ng; : a switch
means (5) provi ded between said current-supplyi ng neans and sai d secondary
battery bei ng charged; a tenperature neasurenent neans (6) for
measuring the tenperature of said.cells; - a sanpling neans (8)for
operating said tenperature-neasurenent neans to neasure the tenperature of
said cells with the desired sanmpling interval. a charging-contro
means (9) which is connected to said sanplim@lheans and controls said

swi tch neans(5) ' a charging rate setting neans (10) which sets the
charging rate C ' ' Table II ~ (1) -

tS Battery Tnnpe:htn:e (°C) ATDtn ATDtn/ATDtn-1(K=2)

1 29.5¢ 29.54 : Error
2 2%.32 - "29.32 0.59
3 28.65 28.65 0.98
4 28.65 28.65 1.00
s 28.65 ) 28.65 1.00
[ 28.65 - 28.85 _ - 1.00
7 280‘5 28.55 1000 "
8 .28.65 ' - 28.65 1.00
9 27.99 -1.85 - -0.05
10 27.76 -1.55 1.00
13 27.78 -0.8% 1.00
.14 _ 27.76 - «-0.89 1.00
15 27.78 ' -0.89 1.00
16 27.78 -0.89 1.00
17 27.78 -0.22 0.25
18 27.76 0.00 0.00
19 27.76 0.00 ~ Brrox
20 27.76 . 0.00 Error
21 27.76 ' 0.00 Error
22 27.78 0.00 Error
24 27.76 . 0.00 Exror
25 _ ' 27.10 _ =-0.687 . Erroxr
26 . 26.88 _ -0.89 1.33
28 26.88 -0.89 1.00
29 26.88 : -0.89 . 1.00
30 26.88 -0.89% 1.00
31 -26.88 ) -0.89 1.00
32 268.88 -0.89 1.00
33 26.88 : -0.22 0.25
34 26.88 o : 0.00 0.00
35 26.88 . 0.00 Ezzor
37 268.88 - 0.00 Error
38 26.88 0.00 Brror
38 26.88 o 0.00 Exror
40 26.88 0.00 Error
41 : : 26.88 : 0.00 EBrror
42 26.88 ' 0.00 Exror
43 26.88 - 0.00 Exror
44 26.88 0.00 Erzor

45 - 26.88 : 0.00 Error
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an adjusted dat a readlng tiime settlng neans (12) whi ch, based on the

charging rate .C set at - said charging: =~ -~ ‘rate setting nmeans (10),
cal cuates froma preest abl i shed basi c data reading time tb the adjusted
dat a readi ng time ta, the value of which is characteristic of said
charging rate C a sanpling tinme setting neans (13) which
mul tiplies the adjusted data reading time ta by a preestablished
value L to set the sanpling tine ts; - - an overall sanpling tine
setting neans (14) which nultiplies saird sanpling tinme ts by a
preest abl i shed val ue Mto set-td% =overal sanpling tine t;
1st nmenmory neans (15) which stores tfagieaks-of2y enperature data dtn
measur ed at each said adjusted - data reading tine ta;

tS Battery Tempe:atu:e ('C) ATDtn ATDtn/ATDtn-1

46 ' 26.88 - . 0.00 BError

47 26.88 0.00 ' Exror

48 26.88 : . 0.00. . Erxror

49 26.88 0.00 Exzror

L1) 26.88 0.00 Erroer

Sl - 26.88 "0.00 Errox

52 26.88 0.00 Error

- 53 26.88 0.00 Brror .

54 - 26.88 - 0.00 Ezxror

S5 26.88 0.00 Brroxr

-1 ~ 27.10 0.22 - Exror

57 27.54 0.67 3.002Kx

58 ) 27.76 ' 0.8 . 1.33

59 - 27.99 S 9 & § 1.25

60 28.21 ’ -.1.33 1.20

61 28.43 : - 1.85 1.17

62 - 28.87 : 2.00 ' 1.29

63 ' 31.09 o 4.22 T 2.1
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- 32 - a 2nd rrermry means (16) whi ch stores t he data Dtn which is
the summation of -a preedeterm ned number L - . of values of tenperature
data dtn stored in said 1st nenory neans; a 3rd nenory neans (17)
which, fromtha data Din stored in said 2nd menory neans, stores the

di fference bet ween data Dt (n-1) neasured for the previous sanpling
time is,and data Din neasured for the current. © sanpling time ts+1,
this difference value being [err]Dtzqwhere [err]Dt =[err]Dtn-Dt(n-1):

a 4th menory nmeans neans (18) which stores the amount of tenperature

difference data [err]Dtt...[err] Bagr@btet neq2fjor reapec- , further
summati on of each of the M anount s of - terrperature difference data -
[err]Dtt. [err]Dtl\@gbtaléaeg:J#gr ArpvhVe saidysanpling times
(tsl.. tsl\/p for an overal ling t rre L where t=tsxM this value
[err] TDt bei ng. 46 obtained B$7repeat| ng sal ob sanpl isng 0ti me- (ts) t he
- requi red nunber of #%tiner. 600 o 0

48 601 = ' 13 0

49 ' 604 S 12 1

50 . 806 _ 14 .0

51 609 o 17 0

S2 : 812 18 0

s3 ' 616 . . . 20 0

54 620 o - . 23 0

55 624 24 o

56 _ 627 o 26 0

57 : 630 26 0

58 - 632 _ 26 0

S§ 632 23 1

60 832 - 20 §

61 632 16
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a 5th nenory neans, stores the ratio [err]H cal cul ated between the anount
of tenperature data change [err] TDtn da- _ nMenory nmeans neans, stores
the ratio [err]Ht cal cul ated between the anount of tenperature data change
[err] TDtn da- termned for a 1st overall sanpling time in and the
anount of tenperature data change [err]Ttx)n+1) determ ned for a
2nd overall sanpling tinme tn+0, which is fornmed by shifting the tinme by a
single sanmpling tinme (ts), said - 2%t+0 being [err]H, where
[err]H=[err] TDt (n+1)/[err] TDt n: a 1st judgnment neans (22)° whi ch
conpares said [err] H m between Ss%ékﬁ? 5 t enper at uer e change

with a preestablished reference ané |f said ratio [err] H m between
said ampunts of tenperature change

% ' xcegdspai d refgrence value K
outputs a signal wW¥%Eh stRAFEE °&ﬁ%?§iﬁ%) a processing neans (20) -
whi ch processes eacgiof the indi gyhqual ~data storgggby each.of said neans;

and . a centr processi ng gggans (25) whi csesontrols Ohe operation of
each said neans.

3 534 534 0
4 541 541 0
5 . S48 S 545 0
€ 549 o 549 0
7 552 . 582 0
8 554 . 554 0
9 : 556 43 1

10 88§ 31 2
11 558 . 24 3
12 560 19 4
a3 560 15 5 )
14 560 11 6
15 560 : 8 7
16 - 564 : 10 o
17 : 564 8 1
18 564 8 1
19 564 ] 2
20 564 4 3
21 , 564 4 3
22 565 5 0
23 568 8 o
24 568 4 i
25 568 4 1
26 ' 568 4 1
27 568 4 1
28 568 4 1
29 568 4 1
30 568 3 2
31 568 0 3
32 568 0 3
33 -~ 568 0 3
34 568 0 3
35 569 : 1 0
36 570 . 2 0
37 570 2 0

- 38 570 - 2 1

39 571 3 0
40 571 3 0
41 S71 3 0
42 571 3 0
43 572 3 1
44 572 2 2
45 572 2 3
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10. An apparatus for charging a socondary battery conpri sing: a
current -supplying neans (3) for supplying electrical current to the cells
of a secondary battery (2) requiring char gi ng; a switch
means (5) provided between said current-supplying neans -and sai d secondary
battery being charged: a termnal voltage neasurenent nmeans (7) for
nmeasuring the termnal voltage of said cells; a sanpling neans (8)
for operating said termnal voltage measurenment neans to neasure the

term nal voltage of said cells-wth the desired sanpling interval

a charging-control nmeans (9) which is coffected to sai d sanpling neans (8)
and controls said switch neans  papie IV - (2) : '

ts Battery Voltage (V) ATDvn N

46 - 5§72 2 0

47 - 572 1 1

! _ 48 572 1 1
| 49 . 572 1 1
i _ . 50 572 1 1l
; 51 . 574 2 -0
: 52 576 4 1
s3 576 4 1

54 . 576 4 1

55 576 4 2

56 576 4 1

57 576 4. 1

S8 576 .4 b S

59 576 2 2

60 578 2 2

- 61 580 T4 0

62 580 4 0

63 580 4 0

64 580 4 0

65 580 4 0

66 583 7 0

67 584 -8 0

68 584 . 1

69 587 7 2

70 588 8 0

71 . 591 11 0

72 . 892 12 0

73 585 15 0

74 596 13 1

75 597 13 1

76 600 _ 16 0

77 ~~ 600 : 13 1

78 : 600 ) 12 2

79 600 ) 9 3
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(5); . a charglng rate setting means (10) which sets the charging

rate C; - an adjusted data readlng time setting nmeans (12) -which,
based on the charging rate C set at said charging rate setting
means (10), calculates froma preestablished basic data reading time tb the
adj usted data reading time ta, the value of which is characteristic
of said charging rate C a sanpling tine setting neans (13) which
mltiples the adjusted data reading tinme ta by a preestablished
value L to set the sanpling tine ts; - 27 an overall sanpling tine:
setting neans (14) which nultiplie samaling time ts by a
pr eest abl i shed val ue Nltoo§§§?£3% rr‘9‘@)rall sanpling time t;
a 1st nmenory neans ( st are the | ues of term nal voltage dat a
dvn neasured during each salg"e VSiea ‘ﬂ ~4Tpva B
1 543 - 543 0
2 560 o - 560 0
3 . 564 564 0
4 ~ 565 . 565 0
5 . 568 e - 568 0
6 568 568 0
7 -568 "568 0
8 568 : 568 0
9 568 - 28 b
10 572 _ 12 2
11 572 8 3
12 572 7 4
_13 572 4 5
14 572 4 5
15 572 4 5
16 572 4 5
17 5§72 4 5
18 573 1 6
19 575 3 0
20 576 . 4 0
21 576 4 0
22 576 4 0
23 576 4 0 -
24 576 4 0
25 576 4 0
26 578 3 1
27 T 576 1 2
28 576 0 3
29 576 0 3
30 576 0 3
a1 576 0 3
32 . 576 0 3
33 - 576 0 3
34 576 0 3
35 578 2 0
36 579 3 0
37 580 - 4 0
38 580 . 4 0
39 580 4 0
40 580 4 0
41 580 4 0
42 580 . 4 0
43 S80 2 1
44 580 1 2
45 580 0 3
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‘adj ust ed dat a readinf tinme ta;” " = a 2nd nenory neans (16) which stores
the data Dvn which is the summation of the L values of tenperature

data dvn stored in said 1st menory means; a 3rd nmenory neans (17)
whi ch, fromthe data Dvn stored in said 2nd'nennry means, stores the

di fference bet ween data Dv(n-1) neasured for the previous sanpling
tinme ts and data Dvn neasured for the current sanpling time ts+1,
this difference value being [err]Dv, where [err]Dv=Dvn-Dv(n-1): a
4th menory neans (18) which stores the anpbunt of term nal voltage data
change [err] TDv obtai ned by form ng a further sunmation of the M
amount s- of vol tage change data ([err]Dvl...[err]DvM obtained for
respective sanpling times, tsl. ‘tsMfor an overall sanmpling tinme

t, where t=tsXMthis val ue [err]TDv belng obt ai ned by repeating
said sanpling tinme required nunber of - Mﬁna@9§

Table V - (2)

ts Battery Voltage (V) ATDvn N
46 ‘580 0 3
47 , 580 0 3
48 580 0 3
49 583 3 0
. 50 - 584 4 0
. 51 584 4 0
52 - 584 4 0
53 584 ) 0
54 - 584 4 0
‘8§85 584 4 0
56 584 4 0
57 586 3 1
58 s88 4 0
59 ‘588 4 ]
60 588 4 s
61 588 4 0
62 589 S 0
63 . - 592 8 0
64 B 592 8 0
65 §82 6 1
66 595 7 0
67 596 8 0
68 . 598 10 0
69 600 12 0
70 _ 602 13 0
71 - 604 12 1
72 606 14 0
73 - 608 . 16 0
74 609 14 1
75 612 16 0
76 612 14 b
77 612 _ 12 2
3

78 612 10
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a 6th menory neans (19B). which, with regard to the term nal voltage data
change [err] TDv stored in said 4th ' menory neans, stored.the

di fference value [err] Hvm cal cul ated between the anpbunt of voltage data
change [err] TDvn nmeasured for a 1st overall sanpling time tn and
the voltage data change [err] TDv(n+1l) neasured for a 2nd overal |
-sanpling time 'tn+l, which is fornmed by shiftinh the tine by a single
sanpling time (ts) said differ- ciage being [err] Hvm where
[err] HVm=|—Iv$m+1)-|—|vm a-judgnent “feans (23) which, with regard to -
the m dif¥®ence val ues [err]Hv1 tp [err]Hvm serially stored in said 6fh
MENDry NEap shenbddf argitg h B6daHERH badd, coprislagt hr r each one of said difference
values [err]Hvl to [err]HVmis pesitive, i.e zero or larger, or
negetive, i . astepswhisiizan adadicuaassadinglimedhiregired 9read i d j udgnent processi ng

in the sequempzwhiehsetsmfcmm!@ince' of _ sai d .dif f erg@f&lg@&ﬂé&@@ to

[err] Hvm anchsiep 3 weiehpets praciysted deta rerging iR in.gencPng g . Lr-anee _

val ue [err] W‘“ﬂﬂ%\mﬁé 3?1 £ gar [ v m&maﬁ;% L e;ﬁtgrg:% S AGHdur 5 ReinaD

time S, cont Ivoltageggf‘pséid gletc‘g %ﬁ: at least oncs during each said adjusted data reading tlrpe_sa._and which
stores the measurad veltage data value at that time into an appropriate 1st meq\oﬂl means, )

_ astep 5 which repeats the operation of said step 4a predatermined number of tu.nes L forms the summation
of said stored voltage data values obtained during each said adjusted data reading ﬂma_gw—
time ts, where ts = L x ta ‘and stores the vaiue Dvn of the summation in an appropriate 2nd memory means;

a step § which calculates the differance ADv between the vaiue Dv1 of the summamn_for the 1st sampiing

time (ts1) and the valus Dv2 cf the summation for the naxt, 2nd, sampling time (ts2) cbtained in step S, and
which stores said difference ADv in a 3rd memory means; _
a step 7 which continucusly repeats said step 8 a predetermined number of imes M, and forms a_further
summation of the values of ADV1 to ADvM (M values) obtained for respective said sampling times (ts1 to taM)
to determine the amount of voltage data change ATDv for an overail said sampling time ¢, whara =tsxM, the
“results being stored in a 4th memory means;
a step 8 which performs a calculation, based on the amount of voitage data change ATDv stored in said 4th
memory means, to determine the diffarence AHv batwaen the amount of the voltage data change ATDv1
daetermined for a first said overall sampiing time (t1) which runs from said 1st sampling time (ts1) to the Mth
sampling time (tsM) for the predatermined M-th sampling, and the amount of the voltage data changa ATDv2
. determined for 2 second said overall sampling time which runs from said 2nd sampling time (ts2) to the (M+1)
th sampling time (tsM+1) for the pratietermined M+1-th sampling, said caiculated difference AHv, where
- AHv=ATOV2-ATDv1, being stored in a Sth memory means;
a step 9 which repeats said step 8 while calculating the diffarence vaius AHvn, where AHvN=ATDv(n+1)-ATDvn,
between the amount of voitage changes ATDvn and ATDv{n+1) detarmined for each pair of adjacent saki
overall sampling times in and tn+1, and storas the calculated resuits in Sth memcry means; .
a step 10 which judges whether each of said difference vaiues Akiv1 to AHvm are positive, i.a. 2ero or greater
than zero, or negative, i.a. less than zero; and .
2 step 11 which judgaes, in the saquence of accurrance of said difference values AHv1 to AHvm, whethar or
not said difference vaiue AHv is zero or negative for S times continuously, and if said difference vaiue AHv is
Zero or negative S times continuously, stops said charging.

2. A method of charging a secondary battery, comprising:

a step 1 which sets a basic data reading time tb required to read data;
a step 2 which sats a charging rate C; .
a step 3 which gots an adjusted data reading time ta, according to the set charging rate C and said basic data
reading time tb, said adjusted data reading time ta being characteristic ot said charging rate C; .
a step 4 which, during the charging operation, uses an appropriate sampling means to measure the temper-
ature of said secondary battery at least-once during each said adjusted data reading time ta, and which stores
the measured temparatura data value at that time in an appropriate 13t memory means;
a step § which repeats the operation of said step 4 a predetermined number of times L, forms the summation
of said stored temperature data vaiues cbtained during each said adjusted data reading time ta, over a sam-
pling time ts, where ts=Lxta and stores the value Dtn of the summation in an appropriate 2nd memory means;

_ asteo 6 which calculates the difference ADt between the value Dt1 of the summation for the 1st sampling time

© (ts1) and the vaiue Dt2 of the summation for the next, 2nd, sampling time (ts2) obtainad in step S, and which

. . stores said difference ADt in a 3rd memory means; '
a step 7 which continuously repeats said step § a predetermined number of times M, and forms a further
summation of the values of ADt1 to ADtM (M values) obtained for raspective said
to determine the amount of temperature data change ATDt for an overall sampling t
results being stored in a 4th memory means;
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char gi ng operati on; a processing neans (20) which processes each of
the individual data stored by each of said neans; and a central
processi ng neans (25) which cotrols the operation of each said neans.

- 30 -

astep8 which pearforms a calculation, based on the values of amount of temperature data change ATDt stored
in said 4th memory means, to determine the ratio Art between the amount of the temperature data change
ATDt1 determined for a first said overall sampiing ime tl which runs from said 1st sampling time={ta1) to the
“Mth samplmg time (tsM) for the predetemmined M-th sampling, and the amount of the temperature data change
ATOR2 determined for a second said overalil sampling time t2 which runs from said 2nd sampling time s2tc
the M+1th sampling time (tsM+1) for the predetermined M+1-th sampling, said calculated ratio AHt, where
AHt=ATDt2/ATDt1, being stored in a Sth memory means;

a step 9 which repeats the operations of said stép 8 while calculating the ratio vaiue AHtn, where Ath-ATDtv
(n+1)/ATDtn, between the amount of temperature changes ATDtn and ATDt(n+1) determined for each pair ot
adjacent said overall sampling times tn and tn+1, and stores the caiculated results in Sth memory means;

a step 10 which judges from the information stored in said S5th memory means whether the ratio AHt betweer
two adjacent said temperature changes is equal to or greater than or is less than a given vaiue K; and

a step 11 which, if the ratio AHm is equal to or greater than the given value K, stops said charging.

3. A method of charging a secondary battery, comprising:

‘a step 1 which sets the basic data reading time tb required to read data;

a step 2 which sets the charging rate C;
a step 3 which sets an adjusted data reading timgq {a, according o the set charging rate C and said basic data
reading time tb, said adjusted data reading time,ta being characteristic of said charging rate C;
a step 4 which, during the charging operation, uses an appropriate sampling means to measure the temper-
aturs anc the terminal voltage cf said seccndary battery, respectively, at least.once during each said adjusted
data reading time_1a. and which stores the measured temperature data value and the maasured terminal
voltage data value at that time into an appropriate 1st memory means, respectively;
a step S which repeats the operation of said step 4 a predetermmed number cof times L. forms resgecuve
summations of said stored battery temperature data values and of g3 - 2 values aine
during each saidadjusted data reading time ta, over W&M—
values Ditn and Dvn of the summations in an appropriate 2nd memory means;
a step § which calculates the differences ADv,ADt batween the values Dvi1,0t1 of the raspective summations
forthe 1st sampling time (ts1) and the vaiues Dv2,Dt2 of the respective summations for the next, 2nd, sampling
time (ts2) obtained in step S, and which stores the resulting differences, ADv,ADt for temperature data and
terminal voltage data in a 3rd memory means;
a step 7 which continuously repeats step 6 a predetermined number of times M, and forms respectwe further
summations of the values of ADv1 to ADvM, M values, and ADt1 to ADtM, M vaiues, obtained for respective
said sampling times (ts! ... tsM) to determine the amount of temperature data change and the amount of terminal
voltage data chagge. ATDt and ATDV respectively, for an overall sarnplmg time t, where t=tsxM, the resuits
being stored in a 4th memory means;
a step 8 which performs a calculation, based on the amount of voltage data change ATDv stored in said 4th
memery means, to determine the difference AHv between the amount of voltage data change ATDv1 deter-
mined for a first said overall sampling time tl which runs from said 1st sampiing time (ts1) to the Mth said
sampling time (tsM) for the predetermined M-th sampling, and the amount of voltage data change ATDv2
determined for a second said overall sampling time t2 which runs from said 2nd sampling time (1s2) to the
sampling time (tsM+1) for the predstermined M+1-th sampling, said calculated differance AHv where
AHv=ATDv2-ATDV1, being stored in a 6th memory means;
a step 9 which repeats step 8 while ealculatmg the difference value Aan where AHN=ATDv(n+1)-ATDwn,
between the amount of voltage changes ATDvn and ATDv(n+1) determined for each pair of adfacent said
overall sampling timas tn and tn+1, and stores the calculated results in 6th memory means.
a step 10 which judges whether the m said difference values AHv1 to AHvm are positive, i.e. Zero or graater
than zero, or negative, i.e. less than zero;
a step 11 which performs a calculation, based on the values of amount of temperature data change ATDt
stored in said 4th memory means, to determine the ratio AHt between the amount of temperaturs data change
ATDt1 determined for a first overail sampling time t1 which runs from said 1st sampling tima (ts1) to the Mth
sampling time (tsM) for the predetermined M-th sampling, and the amount of tamperature data change ATDt2
determined for a second said overall sampling time t2 which runs from said 2nd sampling time (ts2) to the
“M+1th sampiing time (tsM+1) for the predetermined M+1-th sampling, said calculrgtg ratio AHt, where

AHt=ATDI/ATDM, being stored in a 5th memory means; REPLACEMENT SHEET
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a 12 which repeats the operations ot step 11 while cakulating the llﬁovnlquHm.whmAl-IM_TDt
(n:tle)':ATDtn.mmmuumpomodungaﬂommﬂm(nﬂ)du.nnhodhrmhpmrd
adlacontaaidmmllmlhgmmandmﬂmdnmmm.mmmm%mm
means; . : )
astepwmichiudgutmmwomtbnMinaﬂsmmmwmwhomﬂm-mnmtmm
' twoadjacent said amounts of temperature changs is equaltoor greater than of is less thana given vaiue K; and
a step 14 which jucges, for said temperature change rathsAHﬁ'naqualtoorgrw«mmmopndotmo.d
value of K and in the sequence of occurrence of said difference vaiues AHv1 to Akvm, whether or not said
diﬂermvalquHviszerommga:Mbrschonﬂnuously.andltaaiddlﬂmvahJeAHvismor

negative S times continucusiy, siops said charging. .

4, Amqmoddd\argingambamwmrdingbclaim. zaa.muinwmn'qid'samlhgmamis
uaedduringcharghgtomasuummmhalvdtaggortomunmmmuudaqmeqat
eachadjustoddatareadhgtinem.mosupplydd\arghgcumntbsaidueondalymwncuwﬂwhenmakng
the measurement. :

5. Amdmhgamwbqummbchim 1, 2, 3, or 4, whersin when said sampling means is
useddurhgchafg‘ngbmurelhoteunhalvanageortomwremomcfaundaidsmndatybane'tyat
each adjusted data reading time ta, if measurement of even one ot.__mmvaluuindl;atualweloxc’eednga

predstermined abnormai value level, said charging operation is interrupted. )

6. Amethod of charging a secondary battery according to claim 1, 2, 3, 4, or 5, whersin said adjusted data reading
time ta is calculated from said charging rate C and said basic data reading time tb by the expression ta=tbxA/C,
in which A is a constant. _ .

7. A method of charging a secondary battery according to claim 1, 2. 3, 4, 5, or 6, wherain in a step which repeats
measurement of tarminal voltage data M times continuously each said data change reading sampliing time ts, at
each time said voitage data is measured éach said sampling time ts, the amount of voitage data change ATDv is
calculated, a judgment is made as to whether said amount of voitage data change ATDv is positive, negative, or
zero, and if it is positive, an appropriate counter vaiue AS which judges a condition of a change in amount of the
voltage data change ATDv, is reset to zero, but if said amount of voitage data change ADTV is negative or zero,
saidoountorva!uaAShasaddcdmitsaidATvaalue.saideountervahmAs being updated to the added value,
after which said counter value AS is compared with a preestablished reference vaiue W, and it said counter vaiue
AS is smaller than said referance valus W, said charging operation is stopped. . :

8. Amethed for charging a secondary battery according to claim 7, wherein when the amount of said voltage data

change ATDv is zero, a preestablished value Z is subtracted from said counter vaiue AS.
9. Anappamusforcharghgasocondarybaﬁeqcorﬁprishg:

a current-supplying means (3) for supplying electrical current to the cells of a secondary battery (2) requiring
charging; - . -
- . aswitchmeans (5) provided between said current-supplying means and said secondary battery being charged;
a temperature measurement means (6) for measuring the temperature of said calls; ’
a sampling meang (8) for operating 'said temperature-measurement means to measure the temperature of
said cells with the desired sampling interval; Y
a charging-control means (9) which is connected to said sampling means and controls said switch means (S5);
a charging rate selting means (10) which sets the charging rate C;
an adjusted data reading time setiing means (12) which, based on the charging rate C set at said charging
rate setting means (10), caiculates from a preestablishad basic cata reading time tb the adjusted data reading
time ta, the value of which is characteristic of said charging rate C; :
a sampling time setting means (13) which multiplies the adjusted data reading time ta by a preestablished
Jaiue L to set the samplingtimets; -
an overall sampling time setting means {14) which multiplies said sampling time ts by a preestablished vaiue
M to set the overall sampling time t, R - :

ammmrymmﬂg)_whichmmowuuoﬁcmporatumdatadm y m
datareading ime ta; : . 'ﬁ#tﬁ T
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ammm&mmmmmm-mmdammg
_of vaiues of temparature cata dtn stared in aaid 1at memary means;

"2 3rd memory means (17) which, from the cata Din stored in said 2nd memory Means, siores the difierence
mmm(n-umummmmummnmmunw
sampiing lime ts+1, mwmmmmmwn-n.
'ammqnm(ﬁ)mmmmdmmmﬂbmumwtmga
_turther summation of §ach of the M amaunts of temperaiure diference data ADI? ... ADIM oistained for respec-
tve said sampiing times (181 ... tsM) for an overall sampling time t, where 1atsXM, this value ATDt being
mwm——"-WWTW —
2 Sth memory means (19A) which, ‘with regard to the lemperature difference dsta ATDt stored in said 4th
memory means. stores the ratio Akt calculated between the amount of temperaiure data change ATDIN Ge-
mrmodteraMwonnmlhgmm“mmdwmmamuml)wom
GF & 2 OverAll sampling time th+1, Which i ionmaed by shifting the time by a singie sampling tme (is), said
Talic beig AHL, whers AMi=A | Dilne1VA DM,

a 13t judgment mesns (22) Mmudmmmadmdlwom
with a preestablished referencs value K, and if said ratio Abitm between said amounts of tempaerature change
aXCeecs SAid reference value K, outputs a signal which siops said charnging,
amm@)mmmdmmmmwmmmm and
amwm@mmmmdmmm

10 Mwwmammm; &

awm:mmgmmwmwwwmmdammng
charging,
ammmmmmw‘mm“mmmem
a terminal veliage measurement means (7) for measuring the terminal’voltage of saic cells; N
amlmmﬁ)hmm“mmmmnmmumﬂwm
dwdahwmmmmlngmwd;
aaamgmmm(ﬂ)%amdhuﬂmp&mm(ﬂ)mmanmm
(5).
@ charging rats setting means (10) which sets the charging rate C;
_an adijusied data reagiing time'satling means (12) which, based on the charging rate C set at said charging
rate setting means (10). calcuiates from a presstablished basic data reading time tb the adjusted data readling
m;gmmgmamﬁmdaammm&
a time means (13) which ies the daia ing time & by a presstablished
vaiue L 10 set the sampling time ts; .
Wﬁmwmmmmuwnmmo
M 1o set the overall sampling tine &;
a 15t memory means (15) which stores the vaiues of terminal voitage data cvn measured during sach said
adiusted data reading time ta;
2 2nd memory means (16) which stores the data Dvn which is the summation of the L vaiues of temperature
data dvn stored in saidd 15t memory means; -
aaumqmtmmmmmovnm-dnaummmmmam
between data Dvin-1} measu measured for the previous sampling tims ts and data Dvi measured for the current
sampling time ts+1, this difference value being ADv, whers ADV=Dvn-Dv(n-1) ;
a 4th memary means (18) which stores the amount of temminal voltage data change ATDv cbtained by forming
afurther summation of the M amounts of voltage change data (ADv1 ., M)muwmgg_
times, 31 ... tsM for an overall sampling tims t, where t=tsxM this vaiue ATDv being cbtained by repeating
] required number of M Times; ) -

memory means (198) which, with regard 1o the terminal voltage tata change ATDv stored in said 4th
mmmmdﬂmvﬂmMa@hﬁmmmdmmm
ATDvn maasured for a 1at overall sampling time th and the voltage data change ATDv {(n+1) measurad for a
2nd overail sampiing time tn+1, which is forfhed by shifting the time by & single sampiing time (ts), said difer-
ence being AlHvm, whers AHVm=iv{m+1)-Hvm;
,u;udmmm@m with regard to the m difference valkies AHv1 to AHvrn serially stored in said 6th
mernory means, hakas a judgment as to whether sach one of said diierence values Akv1 10 AHvm is positive,
i-8. zero or larger, or negative, i.e. isss than zero, and which performs said judgment processing in the sequence
ot cccurrence of said ciftersnce values AHv1 o AHvmn, and if each one of the successivsly measured difference
values AHv shows a negative Value, &t ieast a pressiablished number cf times S, continuously, stops said
charging operation;
amm@)mmoudmmmawwmmmwm—w
.8 contral processing means (25) which controls the operation of each said means. REPLACEMENT SHEET
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BATTERIES AND APARATUS THEREFOR

Topmﬁdeaﬁnﬂewwngw..apabkofcmgthighw
and effiency any type of secondary bantery, and capable of charging secondary bamteries at
‘any arbitrary charging rate. 'Inselecﬁngthearbimyamountofcxmtfromlbwcmt
mhighcmrmt;vhﬂechngingavaﬁeqofmduyfbamuis,mewmmdmmm_
of the banery are monitored, 0 that either at the point at which the rate of rise of the
wmpeamnofthebaneryexhibisminmwermeimmedimlyﬁéviousmofﬁsé
that excesds 2 given reference value, or a the poiat at which the difference in change of
battery voltage xsdecrased continuously for a preestablished amount of ﬁme, the charging |
of the batery is stopped. | | -

FIGURE 1.

| REPLACEMENT SHEET

23 AN 1998




-l

€l

71

REPLACEMENT SHEET

23 JaN 1839




Fig.2
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Fig.7 |
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Fig.8
Q@

- IN MEMORY I:
Dv--Dv+dv, Di--Di+d1
'AND ACCUMULATE RESULTS

(16)

2

MEMORY I
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,n;,dtn =Din
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L -

(20)

FROM DATA IN MEMORY 1
- aDv=Dvn~Dvn-1

__8Di=Din-Din-1

(21)

STORE ADv, At IN MEMORY I
—

(22)

~FROM DATA IN MEMORY II CALCULATE
ADTv=aDTv+aDv,aDTt=2DT1+aDt
ATDv=+aDTv,aTDt=aDTt

AND STORE IN MEMORY IV

3/

(23)
NUMBER OF DATA IN

MEMORY [VZzM
-7

FROM DATA IN MEMORY IV CALCULATE

aHv=aTDv(n-1)-aTDwvn,

aHt =aTDt(n-1)/aTD1(n)
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(CONTINUES FROM STEP (19) OF FIG. 8)

:

aDv =— aDvn = aDvn-y
: []

~(120)

aDt «— aDin - aDin-1

1(121)

')

(122)

VaUEF =— aDv

¥

Teurr =— aDt

(123)

(125)

: ADV$O
g

aS—aS+aDv-Z

AaS=—0

-

- (127) |
w@5) ] |

N

(124)

(126)

CHAR v TOTAL OF CURRENT Veurrd]
CHARGING IA ""T0TAL OF PREVIOUS \'I::::]

END
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Fig.11
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