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secondary cells. More specifically, this application
pertains to an apparatus for rapidly charging nickel-
cadmium batteries and to a method of rapidly charging
nickel-cadmium batteries.

According to this invention, in particular, the
temperature and voltage of nickel-cadmium batteries are
monitored during the recharging operation. This
recharging operation is terminated when the temperature
or the temperature and voltage being monitored exhibit
unusual behavior.

BACKGROUND ART

Secondary cells such as nickel-cadmium batteries may
be recharged many times throughout their useful life.
The recharging operation must be carefully controlled to
minimize detrimental effects on the battery which are
well known to those skilled in the art (see for example
"Battery Charging: Extending Life Capacity", Bob
Williams, Cellular Business, April, 1989, pp. 44-4%). 1In
the early days of secondary cell recharging technology,
the recharging operation took several hours. With the
increasing popularity of consumer devices powered by
secondary cells, a demand has arisen for systems capable
of recharging secondary cells in minutes instead of
hours. Although it is possible to "fast charge" a
secondary cell, this requires even more careful
monitoring and control of the battery recharging process
in order to prevent irreversible damage to the battery
(see for example "Nickel-Cadmium Battery Update 80",
Report on September, 1990 Brussels Seminar by Cadmium
Association, London, England, November, 19S0).

The prior art has evolved a wide variety of
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10 Japanese Examined Patent Publication (Kokoku)
Nos. 62-23528 and 62-23529 disclose methods of recharging
secondary batteries such as nickel-cadmium batteries,
wherein attention is given to a change-in the voltage
waveform of a cell during the recharging operation, a
15 plurality of inflection points appearing in the voltage
waveform are stored in advance, and the charging
operation is discontinued when the stored plurality of
inflection points develop according to a predetermined
order. According to the above methods, however, it is
20 necessary to record in advance a change in the voltage
waveform during the charging operation for each of the
batteries of various kinds and to rewrite the stored
content to the one that corresponds to the battery that
is to be recharged depending upon the kinds of batteries
25 that need recharging, involving a cumbersome operation.
Depending upon the environment in which the charging
operation is carried out and the hystevesis of the
battery, furthermore, the waveform of voltage output of
the battery does not necessarily exhibit the order or the
30 magnitude that are stored making it difficult to
correctly carry out the charging operation or the
recharging operation. It is therefore difficult to
execute a rapid charging operation without deteriorating
performance of the batteries.
35 That is, secondary batteries and, particularly,
nickel-cadmium batteries have heretofore been recharged

usually requiring a time of from 6 hours to 16 hours in
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deteriorai§ng chardi@ld QHEBREE i dthR DAY itdhs has not been employed.
In recent years, however, a damand for secondary
batteries is increasing in a variety of industrial
fields. Depletion of a power source during operation
must be avoided as much as possible, and recharging of

20 secondary cells rapidly or, more desirably,
instantaneously, has been desired more than ever before
particularly where machine tools are used, in hospitals
where medical equipment is used and in communications
businesses inclusive of portable telephones.

25 The object of the present invention therefore is to
improve on defects inherent in the above-mentioned prior
art and to facilitate the recharging of secondary
batteries and, particularly, nickel-cadmium batteries
within such short periods of time as about several

30 minutes to less than 20 minutes. Recharging at this very
high rate increases the significance of certain
parameters which are not as significant in slower, prior
art recharging systems. However, it has been found that
these parameters can be effectively managed to yield a

35 safe, rapid recharging system without subjecting the
battery to detrimental side effects.

DISCLOSURE OF THE INVENTION
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of a pOV\BI’ source during operati e avol
possi bl e, and red#ta gilmeredt to an arithmetic means;

an arithmetic means which calculates the
temperature data of the cell obtained by the sampling
means and outputs a control signal that represents a

15 period for discontinuing the charging operation;

a switching means which discontinues the supply
of current to the cell from the current feeding means in
response to an output from the arithmetic means; and

a control means for controlling each of the

20 above means;

wherein the current feeding means in the
charging apparatus feeds a current of at least 2C to the
cell during the charging operation; and

the arithmetic means has a first arithmetic

25 function that calculates the rate of temperature increase
of the cell from the temperature data of the cell
obtained by the sampling means through the temperature
measuring means; a second arithmetic function which
calculates a rate of change by comparing the rate of

30 temperature increase of the cell in a first period with

- the rate of temperature increase of the cell in a second
period; and a third function which compares the rate of
temperature increase of the cell in the second period
with the rate of temperature increase of the cell in the

35 first period in order to judge whether the rate of
temperature increase of the cell in the second period is

more than two times greater than the rate of temperature
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the cell and stores the data thereof or outputs the data
thereof to an arithmetic means; and
an arithmetic means which calculates the
voltage data of the cell obtained by the sampling means;
15 wherein the arithmetic means has a fourth
arithmetic function that calculates the rate of voltage
increase of the cell from the voltage data of the cell
obtained by the sampling means through the voltage
measuring means, and a fifth function which detects a
20 first decline in the rate of voltage increase following a
period during which the rate of voltage increase has
continually risen, and the arithmetic means further
outputs a signal for discontinuing the supply of charging
current to the cell based upon the information of the
25 third function in that the rate of temperature increase
of the cell in the second period became more than twice
as great as the rate of temperature increase of the cell
in the first period and upon the information of the fifth
function in that a first decline is detected in the rate
30 of voltage increase.
In accordance with the preferred embodiment, the
present invention provides a method of recharging a
secondary cell such as a nickel-cadmium battery in which
a charging current is applied to the cell while the
35 cell’s temperature is monitored.
At least the rate of temperature increase of the

secondary cell, i.e., nickel-cadmium battery in at least
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15 with a large current. 1In order to more efficiently and
correctly carry out the object of the present invention,
furthermore, the output voltage is detected during the
charging operation of the secondary cell in addition to
discriminating the temperature characteristics that is
20 accomplished by detecting the temperature of the cell.
That is, the fact is utilized in that the rate of voltage
increase that has continually risen is inverted into a
negative increase, i.e., the rate of increase declines as
the cell is electrically charged nearly 100%, and the
25 supply of recharging current to the cell is discontinued
at a moment when the above-mentioned two characteristics
have developed simultaneously.
In other words, according to the present invention,
the recharging operation is carried out with a current of
30 greater than 2C which means a large current and is
expressed by a C-rate which is a widely accepted standard
for representing the magnitude of current in relation to
the secondary cells, wherein the temperature of the cell //J
is correctly checked while the cell is being rapidly
35 charged with a large current and the recharging operation
is discontinued at a moment when predetermined

temperature characteristics are exhibited in order to
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and a fifth function etects
output characteristics and charging characteristics of

the secondary cell.
That is, the invention provides a method of
recharging a secondary cell in which a charging current
15 is applied to the cell while monitoring the temperature
of the cell as well as the output voltage of the cell.
Application of the charging current is discontinued upon
detection of a decline in the battery’'s rate of voltage
increase immediately following a period during which the
20 rate of voltage increase has continually risen.
Application of the charging current is discontinued
upon simultaneous detection of at least a doubling of the
rate of increase of battery temperature; and, a decline
in the battery’s rate of voltage increase immediately
25 following a period during which the rate of voltage
increase has continually risen.
The invention further provides an apparatus for
recharging a secondary cell. The apparatus incorporates
a power supply for applying a charging current to the
30 cell, a temperature sensor for sensing the cell’s
temperature and producing an output signal representative
thereof, a signal processor for monitoring the output
signal and producing a cutoff signal upon detection of a
predefined rate of increase thereof, and a switch
35 responsive to the cutoff signal for disconnecting the
cell from the power supply. The temperature sensor may

be a thermistor voltage divider connected in parallel
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recharging apparatus having a power supply for applying a
charging current to the cell, a temperature sensor for
sensing the cell’s temperature and producing a

15 temperature output signal representative thereof, a
voltage sensor for sensing the cell’s output voltage and
producing a voltage output signal representative thereof,
a signal processor for monitoring the output signals and
producing a cutoff signal upon detection of a predefined

20 relationship therebetween, and a switch responsive to the
cutoff signal for disconnecting the cell from the power
supply.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is an equivalent electrical circuit for a

25 battery charging and discharging at the 0.1C rate;

Figure 2 is an equivalent electrical circuit for a
battery charging at the 4C rate;

Figure 3 is an equivalent electrical circuit for a
discharging battery;

30 Figure 4 is an equivalent electrical circuit for a
- battery undergoing overcharge;

Figure 5 is a graph on which battery temperature in
degrees Centigrade (lower curve) and voltage (upper
curve) are plotted versus time in seconds for the battery

35 charging equivalent circuit of Figure 2;
Figure 6 is similar to Figure 5, but illustrates a

case in which the initial battery temperature, prior to
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is corre o whi‘l e the cell is being rapidly
Figure 12 is a block diagram illustrating the

constitution of an arithmetic means 6 in the charging
apparatus of the invention;

Figure 13 to 16 are graphs showing measurements of

20 the temperature and voltage of a nickel-cadmium cell
while it is being charged using the charging apparatus of
the invention;

Figures 17 and 18 are graphs showing changes in the
temperature and voltage when the nickel-cadmium cell is

25 charged by a conventional charging method;

Figure 19 is a graph showing the result of
arithmetic processing of the rate of temperature increase
and the rate of voltage increase based on the measured
data shown in Figures 17 and 18;

30 Figures 20 and 21 are graphs showing the results of
arithmetic processing of the rate of temperature increase
and the rate of voltage increase based on the measured
data shown in Figures 13 to 16;

Figure 22 is a flowchart illustrating the sequence

35 of the charging method according to the invention;

Figure 23 is a block diagram showing the circuit

constitution of the charging apparatus of the invention;
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the cell while nonit Jr%rﬁtr%ﬁtleﬁn?erl&qrrke diagrampfshowine| thescietdias the
out put vol t age aforideiedion of a d&lﬂdqéﬂméabdﬁlﬁ&“&f&ﬁﬁiﬂ’th“gﬂent i s

ngfgggl n&'Sd up arlthmetldcetpen.%cleosnsJ.OrIg a01dreccl1|3.ltnether<atohfe J.bnattgheer yc};sarrgafneg of
apparatus of the invention; and
Figures 27 to 43 are flowcharts illustrating the
sequence of other operations for putting the charging
method of the invention into practice.
15 BEST MODE({S) FOR CARRYING QOUT THE INVENTION
Described below are the fundamental characteristics
of a nickel-cadmium battery of the present invention, the
apparatus for rapidly charging the nickel-cadmium battery
of the invention, and the principle of the method of
20 rapid charging.
The Nickel-Cadmium battery has a positive electrode
made of nickel hydroxide and a negative electrode made of
a cadmium compound. Potassium hydroxide is used as the
electrolyte. During charging, the following reaction
25 takes place:
2Ni(OH), + Cd(OH), - 2NiOOH + Cd + 2H,0 (1)
On the positive electrode, nickel hydroxide is converted
to nickel oxyhydroxide. On the negative electrode,
cadmium hydroxide is converted to cadmium. This yields
30 an overall potential difference (electromotive force) of:
(+0.52 volts) ~ (~-0.80 volts) = +1.32 volts
During discharging, the following reaction takes
place:
2NiOOH + Cd + 2H,0 -~ 2Ni(OH), + Cd(OH), (2)
35 Thus, during discharging, the chemical reactions are

opposite to those which occur during charging. The



I ncrease i medi ately fol l.owing a period during which the.20 rate of

vol tage increase has continually risen. Application of the
charging current is discontinued upon si nul t aneous detection of at

| east a doubling of the rate of incredse of battery tenperature; and,
a decline in the battery's rate of voltage increase i mediately 25

followng a perié’ﬂe@&’f&xﬂ&t%&%}#@& &ﬁi@h%c?ﬁ%%a&&rin dé&@ﬁé?&?ﬁ has

continually risen, . e Invention her provi des an’ appar atus
f or rechary}§ig ePReELRAaE) ERAT . wirheh apparEs udurhesr pbREYEERT - a

power supply for applytngsawsharghdgn CthdenNtasoat bet88ry at€hlinsafull
tenperature sensgr_for sensing the cel re_and $rodUC|ng
%

L's enper at
an out put si gnal C+apFRselt BTT vEontatied \ip Jhpe 3£§$gﬁgfyg?05%§§5 OFdr
moni t ori ng5t he celtgetrolysissighth exygen oglaisi bging cgeénéfasednat tpen
detection of a ; '5%¥g te | r Lk ch, 35
responsive to tﬁ%oiﬂ%g?§d§%%na é%f %ﬁéc%ﬂ%ég?éﬁgé%ﬁeggingaQ%%?f§¥%%n$%he
power supply. THeN® ettt e eebepbopdemy This resubts hihnk sderreaseagt
di vi der connect egh¢dl P ¥h&lelectrolyte. Moreover, the generated gase$-

across the ceII.b ) ) The_ invention alternatively grOV|des,a
secondary uild up internal pressure within the battery casing. To
10 avoid a potential explosion, the casing is provided with
a pressure relief vent which allows the generated gases
to escape if they accumulate beyond a safe level.
Current battery manufacturing technigues also attempt to
minimize the generation of gases within the battery by
15 providing more active material at the battery’s negative
electrode than at the positive electrode. This allows
the positive electrode to become fully charged well
before the negative electrode becomes fully charged.
Oxygen gas only is then generated and in the following
20 manner:
40H - 2H,0 + 0, + 4de (3)
Oxygen migrates to the negative electrode, where it
recombines with the cadmium to produce cadmium hydroxide
(i.e. without the generation of oxygen gas). Cadmium
25 hydroxide is originally a discharge product of the
negative electrode. If the rate of the charging reaction
at the negative electrode increases to the point that it
matches the oxygen recombination reaction rate, a balance
is achieved. Thus, the negative electrode is always less
30 than fully charged, but hydrogen gas is not produced.
The battery is considered to be fully charged upon
attainment of the aforesaid match. Further charging is
termed "overcharge". '
The above is true only if the overcharge current is
35 limited to approximately the 0.3C rate (that is, a

charging current equivalent to 300 milliamperes ("mA")



cell recharging apparatus having a power supply for - applying a

charging current to the cell, a voltage sensor 5 for sensing the cell's
out put vol tage and produci ng an outpuf,signal representative thereof,
a signal processor for nonitoring the output signal and producing a
cut of f signal upon detection of a predefined rate of increase

thereof, and a spplharesPaNsnye kolbhEnpukalhobkgahahon Mttery). At
i sconnecti ng ce ro e power supply. ., . e invention
additionally pr55?5e§a5938g5ﬁ83F996the gat{eF@cﬁaﬁ&ﬁﬁ§“3$p8F5F5§rﬁaVP&& a

power supply fobeappliyitagnad at onehatgobsgheuer.enButtq tilie thel byveacharge

tenperature SenEBErE?E is inc%%gggggtghgpgehh'§ E%”E%@%E”E%,agdcﬂgggﬁ%ing a
15 t enper at ure dat put si-gnal représentative thr of, a vortage
sensor for5 sensFRgrens eapivalentpte +6P0agd apglied toppodd@Onglh vol t age

out put signal repkeseRyat kuent REEEBhttery’'s dntbdnal Precesser wbefd rise
noni toring the output” si nalﬁeand uC|n%€a cutof f signal upogﬁ

rod
detection of a pPe&ERi ALHOSH reFeIaﬁFoﬁEﬁFHlPﬁe GEEWEBn EX5RE Sa OLwet
responsi ve to tbeerchargeutatt,sitppabateergi’ scantechaldgpirkesaekl betomethe

power suppl y. Rl EF . P th. E@A N@?
Figure 1 is an gaépvgfgﬁfegrecgEiéglaggggﬁf E rlggg a}%ba tgfﬁvgﬂgrging
and di schidr gi ngosercherging theebattery whileFchargingi stamleyaitedl ent
el ectrical circyhhrf9hgarates. battery charging at the 4C rate;
Figure 3 is an equivalént electrical circuit for a di schar gi ng
battery; 30 BilghPugh petaWishingakenbeeberpdi Py a8y tHrLWor the
battery under goingeateircpaegents the follokigyr €hdolretacgnaphsenseibahto
battery tenperaggggsknthose skilled in the art in comprehending the

15 invention.

A battery is an electro-chemical device whose
purpose is to store electrical energy. Equivalent
electrical circuits can be used to demonstrate the
various conditions occurring within the battery. It

20 should be noted that whenever the chemical reaction
within a battery changes, a different equivalent circuit
must be used.

Figure 1 is an equivalent electrical circuit for a
battery when charging and discharging at the 0.1C rate,

25 and is the electrical model most commonly used. The

battery’s internal resistance, R is represented as

internal /
a variable resistor having a resistance value inversely
proportional to the level of energy in the battery. As
the battery charges, Rjjernst 15 initially high, but

30 " decreases as the battery becomes charged. Application of
Kirchhoff’s voltage law reveals that, when Rjicernst 1S
high, the majority of the applied charging voltage is
dropped across Rjiernars With very little voltage being
dropped across the battery. BAS Rj,....1 decreases, the

35 majority of the applied charging voltage is dropped

across the battery, with very little voltage being



degrees Centigrade (lower.curve) and voltage (upper .. curve) are
plotted versus time in seconds for the battery 35 char gi ng equi val ent
circuit of Figure 2; Figure 6 is S|mlar to Figure 5, but
illustrates a - case in which the initiad3 battery tenperature, prior to
-9- recharging, is higher than the initial tenperature of the

battery utilizedy 0obhe £858sL kUSLIatehd L GBSy aiecharoes FLAUTE T

provi des a magn rati ofi* 6Pt he Ur e eur 98e’ o
Figures 5 and 6;is 5initiallYFlgwebﬁtsmeremsesﬂhleedlaaateryFsgenesgﬁ and

6. Fi gaiy & 91.)]& g@&@&tr%&sc'{ﬁé’fé ssheppLig 9}19%51&‘@ vo Fa<|;8f

a battery charger capa rapi d rechargl ng a secondary ce
accordance W th ‘%?@Pl%@é%ﬁo&nnemu *but th ¥ gU - ade idrep stherra$ @S diagr am

of a neasusi ng lfhe béi@yéffé ysgﬁef@ytpgvépvggéfggségr measuring the skin
tenperature of the cel igure 11 is a schemtic d|a ram of a

nmeasuri ng devi C'Eh%s"e%f‘??lt§ hef | ﬂ?‘éﬁl%s?bﬁ’a%%’éu‘ﬂ-%l{‘ hih %eP‘PtEQrY
t enperat ure by neasuse %él‘yéz@&lt pummge%{ncmisﬂpﬂﬁ@egepmeﬁ&mrlﬁcﬁao@ﬂhI

Flgure 12 Ts o blocchagran 4 1Ustiath it e paee SOt ARET SN0l ead
result of power dlSSlpatlon is heat but, the endothermic
10 chemical reactions counterbalance the heating effect of
power dissipation in Rygiermair 50 little if any net heat is
produced. Even during overcharge, the battery can
accommodate excess energy up to a 0.3C rate, without
detrimental effects. However, when the charge/overcharge
15 rate exceeds 0.3C, other factors which affect the
inherent balance of the chemical reactions in the battery
must be considered.
Figure 2 is an equivalent electrical circuit for a
battery charging at the 4C rate. The figure shows two
20 internal resistors in parallel: fixed resistor R;,, and
variable resistor Ry,.;. Rjnz corresponds to Rincernar ©OF
Figure 1, in that the resistance value of R, is
inversely proportional to the battery’s energy level.
Similarly, the heating caused by power dissipation in
25 Rine2 15 counterbalanced by the endothermic effect of the
chemical reactions. Ry, represents a residual
resistance component separate from R;.., in that the
resistance value of Ry, is fixed and independent of any
of the chemical reactions occurring in the battery. The
30 resistance value of R;,, is relatively small, such that
any effect it has during charging increases the battery’s
overall temperature minimally, if at all. As the battery
becomes fully charged, the resistance of R,;,, decreases
to a value below that of Ry,;, and the effect of R,
35 becomes dominant. At this point, large amounts of heat

are generated by Ry,.;, causing the battery’s overall



apparatus of the inventiqn; Figure 13 to 16 are graphs show ng

measur enents of 20 the tenperature and voltage of a nickel-cadm um cel
while it is being charged using the charginq appar at us of t he

i nventi on;- Figures 17 and 18 are 6r§phs showi ng changes in the
tenperature and vol tage when the nickel-cadmumcell is 25 charged by a
conventional chargj MBIAO% s increase s&%é%ﬁﬁ%ﬂéﬁ%f.a graph show ng the
result of arithnetic processing of the rate of” tenperature increase

and the rate of volt &IV FRreakel babeaten the rrekatremship betygen shewn in

Figures 17 and 18id 30_,, duringFb8¥t8sy28;8BHa2dedr erpaphs ; shantadvhige
results of arithnetic processing of the fate of tenperature increase

and the rate of YlRageifndnéhialbiseambnanhe (fre8sugEgatly exggedsskB@n in
Figures 135t0 l6esistance validW® RZ,)$ subhowsharhnyl iHebEALLNBekheng

n

sequence 35 of the chargi ng net hod ccording to the, invention;
Figure 23 is a BTN A SHRE o qIRE TPkt Caused RIHRIATY Y of t he

char gi ng appar atRjs.,0f AbBethavbatteny’s energy level decreases, Ry,
- 10 - increa@@su.r e }%/%Aalaall%,octl?ledixaeqsrﬂ@asr{pev\’iv%glt}é]eotcil'\rigtl“zli t
becomes so high that all of the battery‘’s voltage is

10 dropped across Rj,.; and R;,., with none being dropped
across the battery (i.e. zero output voltage appears
across the battery terminals).

Figure 4 is an electrical equivalent circuit of a
battery undergoing overcharge. When the battery is fully

15 charged, the resistance value of Ry, is effectively zero
ohms. Therefore, the only resistance remaining in the
battery is that represented by R;,,;. It has been found
that heating caused by Ry, is minimal at charging rates
up to the 0.3C charging rate. Above the 0.3C charging

20 rate, heat generated by power dissipation within Ry,
increases in proportion to the increase in the charging
rate. Additionally, excessive amounts of oxygen are
generated at elevated charging rates. The oxygen
recombines with cadmium at the negative electrode,

25 reducing the cell voltage. This, in turn, increases the
power dissipated by Ry,,, which further increases heat,
leading to a thermal runaway condition. Accordingly, as
indicated above, it is important to prevent overcharging
the battery while charging at elevated charging rates.

30 Figures 5 to 8 depict the temperature and voltage
effects on a nickel-cadmium battery being charged at the
4C rate. Figures 5 and 6 depict the relationship between
the battery’s terminal voltage and its skin temperature,
for different initial battery temperatures. More

35 particularly, Figure 5 plots battery temperature in

degrees Centigrade (lower curve marked "TEMP 1") and



constitution of a power supply portion in the charging : appar at us of

the invention; Figure 25 is a block diagram show ng the circuit
5 constitution of a tenperature neasuri ngl circuit and an
arithmetic-processing circuit thereof in th X Har gi ng apparatus of
the invention; Figure 26 is a block diagram show ng the circuit

constitution of foyehta0e.ppasuthpdo Charibl 398LAN1 10 vorBULLDURLI ¢,
processing circuit thereof in the charging agg ratus of The =
i nvention; and Seconds fopjg pakterytehanghpe atowkhaf€sratpuandahangnghe

sequence of othesnoprieiadnsehperptiiiéngst be. ghaegi-a88s centi§Bhled of the
i nvention into p{.act ice OR CARRYI NG OQUT THE

15 . . BEST S (
| NVENTI ON TIUT Sl of F b b bw %%%e%ﬁ%dmnﬁw%m‘a BRLEBTES
of a nickel5- cadntempbritery aidthelpagsectrvayeateonarkéd "TEMP 2ppandt us

for rapidly chargy t he, nj ckel ] trery: .. he, i nvention, and
the principle of tﬂgrnethodﬁ%f %@dgggg%l %:h%l)r{b‘fh%l tg%\pérgturéﬁfé _
Ni ckel - Cadni um b%d t 2r§edEres poRtigvade| eciigeee 7 provbdes od maghefied

hydr oxi de and a NED@ét¥Lr £bCF Othee NBERpOfature c@r&@Q”$PU%£&HP&§”§-and
Pot assi um hydroxide is used as the el ectrolyte. During charging, the

follow ng reactioh 25 t akes pl ace: o 2N (OH) 2 + Cd(OH) 2 -
2Ni OOH + €8 + 2H20 Analysid)of the KXttédwey pesitaye @herid osteardisel

hydroxi de is co (te t o nickel oxyhydroxide. On the, negative,
e?/ect r ode, nyee(;‘é%anf%rﬁ KRS %r%c%%%%%r?ré% ?'%’%%%‘h?rﬁ?nd%r‘? aSf etRs 30
an overal | poterthelrai¢ fef einerdatecf onpltage fiorvwaydofthe completion of
(+0.52 volts) - {nd GarPdg)cyerd: 3RIMLSing to Figures 5 and 6, it can

be seen that the battery’s rate of voltage increase rises

15 from about 1 millivolts per second for the first
9 minutes (0 seconds to 540 seconds); to about
4 millivolts per second for the next 90 seconds
(600 seconds to 6390 seconds); and, to about 8 millivolts
per second for the next 90 seconds (690 seconds to

20 780 seconds). Thereafter, the battery’s voltage
continues to increase, but the rate at which it increases
decreases eventually to about 2 millivolts per second at
the 830 second point. After approximately 830 seconds of
charge applied at the 4C rate, the battery can no longer

25 accept energy and can be considered fully charged.

Analysis of the battery temperature curves of

Figures 5, 6 & 7 reveals no similarity between the curves
except at the conclusion of the charging cycle. From
0 seconds to 660 seconds, the "TEMP 1" curve shows an

30 increase in temperature of 0.0097 degrees Centigrade per
second, while the "TEMP 2" curve actually shows a
decrease in temperature of 0.0057 degrees Centigrade per
second. From 660 seconds to 830 seconds, the rate of
temperature increase rises to 0.038 degrees Centigrade

35 per second (TEMP 1 curve) and 0.01 degrees Centigrade per
second (TEMP 2 curve) respectively. This demonstrates at

least a two-fold increase (i.e. doubling) in the rate of



Duri‘ng di schargi ng, the f,ol | owi ng reaction takes 'pL.'ace:

2NiOOH + Cd + 2H20 - 2Ni(OH) 2 + Cd(OH) 2 (2) 35 Thus, during

di scharging, the chem cal reactions are opposite to those which occur
during charging. The el ectrbhofive force which occurs
during discharging is al so opposite to that which occurs during
chargi ng. tempeﬂétdf%‘%ﬂdréﬁyEMéétﬁﬂel?%}ﬁil%HéfH”ﬁﬁgtﬁﬂﬂgéignﬂs
charge, water contained in the electrolyte undergoes 5 el ectrol ysi s,
with oxygen gas 8198 deremat@ddrged he posi tive el ectrode, and

hydrogen gas bei ng gegriat echidth rate dHe-diegat iwte @l el rade . oflRire resul ts
in a decrease of , . r in the electrolyte. Mreover, the ner at ed
gases bui PR35 S e SRR i (AR BRAhAP GRITEL f e
avoid a poSenti almcenyy o ehaddee teasivieg d siermiviethech IWddnditionsa wiriedsur e
et e ook, WA DRALGH s, (AR ol co
t echni ques al so taet &gty . Prion mink shamgd ngen@chmnisnes cqgpadd aniathi n
the battery by BhargiRigOWHa4ithd iy @taGkited W &0 ahatid hadatiLiy' s
negative drawbacks when they are employed at charging rates
10 greater than 1C. 1In particular, overcharging occurs
which in turn causes excessive heat generation within the
battery, as described above. This can lead to reduced
capacity, reduced cycle life and possible cell venting.
The required precise control at charging rates in excess
15 of the 1C rate can be accomplished by carefully
monitoring the battery voltage, the battery temperature
or both.

The battery voltage exhibits a unique characteristic
which occurs only at the point when the battery is 95% to

20 100% charged. This characteristic is a decline in the
battery’s rate of voltage increase immediately following
a period during which the battery’s rate of voltage
increase has continually risen. The high rate of
charging should be discontinued when this decline is

25 detected to prevent the battery from becoming
overcharged.

The battery temperature also exhibits a unique
characteristic which occurs only at a point when the
battery is 95% to 100% charged. This characteristic is a

30 " dramatic increase of at least two-fold in the battery’s
rate of temperature increase. This rapid increase
signifies that the battery is almost fully charged and
that the high rate of charge should be discontinued.

Instead of discontinuing high rate charging upon

35 detection of either one of the aforementioned voltage or
temperature conditions, one may alternatively discontinue

high rate charging upon simultaneous detection of both



el ectrode than at the positive electrode. This allows . t he positive

el.ectrode to becone fully charged well before the negative el ectrode
beconmes fully charged. Oxygen gas only_ is then generated and in the
fol | ow ng -20 manner : MOHT 2H0 + 02 + 4e

(3) Oxygen migrates to the negative el ectrode, where it

recombi nes with.pha;s %QQH%UW]tO produce cadm um hydroxi de (i.e

wi t hout the generation of oxygen gas). Cadm um 25 hydroxi de is

originally a di schar §¥ pregqaselys consrollingngsani vatel batieay. ChRIGREYr at e
of the chargi ngaceagbieBaid oneahayheapggayltaaQbQCEr@@th&@rQ@saathQnthe

t that it nbi ti
Palance i 808U QuddCorhDs PhaiheganPas ErerLrbag SXaPFAYY IEs 30
t han ful |l y5 char edtelyt thydhegendgasrablroefficottsced. overchaTigénhattery i s
considered to be f“'banQ@EgeQxaﬁgﬂes gf. tﬁ%téhggﬁﬂEu%ff%QerQEQEQ%a'd

mat ch. Further chargin overc bove
is true only |fchﬁéGéV€r6h§k§é gadpépm b§t33r1e5|aﬁppééln@ &PpitHRi mat el y

the 0.3Crate gbﬁggeh%,laventlonCQQQQIngcgéraegc%ngaahanbekglioalth
mllianperes ( reférence to the accompanylng drawings.

10 Figure 9 is a block diagram explaining the concrete
constitution of an apparatus 1 for rapidly charging
nickel-cadmium batteries according to a first embodiment
of the present invention, which comprises:

a current feeding means 3 which feeds a
15 charging current to a cell 2 that needs to be charged;
‘a temperature measuring means 4 which measures
the temperature of the cell 2;
a sampling means 5 which measures the
temperature of the cell and stores the data thereof or

20 outputs the data thereof to an arithmetic means;

an arithmetic means 6 which calculates the
temperature data of the cell obtained by the sampling
means 5 and outputs a control signal that represents a
timing for discontinuing the charging operation;

25 a switching means 7 which discontinues the
supply of current to the cell 2 from the current feeding
means 3 in response to an output from the arithmetic
means 6; and

a control means 8 for controlling each of the

30 means;

wherein the current feeding means 3 in said
charging apparatus 1 feeds a current of at least 2C to
the cell during the charging operation; and

the arithmetic means 6 has a first arithmetic

35 function that calculates the rate of temperature increase
of the cell from the temperature data of the cell

obtained by the sampling means 5 through the temperature



applied to a 1000 m I li anpere-hour (' mAh") battery). At. this rate of
charge, the battery's internal pressure wll be mai ntai ned at one

at nosphere. But, if the overcharge cui ent is increased to the 1C
rate (that- is, a charging 5 current equiValent to 1000 mA applied to a
1000 mAh battery), then the battery's internal pressure would rise
to ten almOSPNELfgs Al AIHAI 4 AT dIKSEST e d GunceioPVHiGlAT 08
rate, the battery's int pressure becones Sven greater. 11

accordi ngly i mp&tamlatesprevate pF chapgs &yacgneg aing thec é?%}‘—af\mﬁ e

charging at ele rature‘ﬂ%@ﬁﬂdﬁé'ﬁﬁ‘%ﬁe cell in a ﬂNﬂéﬂJ if W &hi ng
to be bound by a é theory I nvent or presentq | I owi ng

theoretical dis et §F temp%"sﬁe tRGEEaSS Aled ah”t g jpecond
conpr ehend$ ng thmr]:@d andventthdird function whAdibﬁtdcﬁfganés ahe rate of

el ectrochem cal ce V\/nose e is SstQne el ectrical _.energy.
Equi val ent t%%\ tartlug G5 Eq O(,fa% e Cl?sleld 1‘tnoq" r?sctorn# & et]:r*ule ot
vari ous conditi erighodder mart@ Wlft meungeh@tlmtet engrease2@f thehadld e rndteed
that whenever thg chegeGalod E.’L%Ctdz‘a'ér to Juwgrehmeacmt bl r%b:%n%qs a

different equivalent Circuit st be used gure 1 |s an
equi val ent el ecttEERT IR KGR SE °f theszPtlérW’\/\A%’ﬁ él‘?&rod’ldn@’e&ﬁ(?

di scharging at teee tlﬁnrét&o@ tdhes adNgrieatt la% QJh%Ctrfalt(éabfmtdﬁipelmﬁ:ture

comonl y used. T e te i.ntep naI | stanc rro]u] i
represented as thereass &t %b echréel |§to haV| ng apreé:§| gtangc[':% v_at@zlts a
i nversely sgigoyecr tficanali soenthiauiagelthef sauparlyy dfn at ledaygtingr ypunxgent

the battery chargeshdR@Nl Hasddioh @hley st BY¥t the judgement.
In addition to the fundamental constitution shown in

15 Fig. 9, the apparatus 1 for rapidly charging nickel-
cadmium batteries according to the present invention
further comprises:

a voltage measuring means 41 for measuring the
output voltage of the cell 2;

20 a sampling means 51 which measures the voltage
of the cell and stores the data thereof or outputs the
data thereof to an arithmetic means; and

arithmetic means which calculates the voltage
data of the cell 2 obtained by the sampling means 51 and

25 is provided in common to the arithmetic means 6;

wherein the arithmetic means 6 has a fourth
arithmetic function that calculates the rate of voltage
increase of the cell from the voltage data of the cell
obtained by the sampling means 51 through the voltage

30 measuring means 41, and a fifth function which detects a
first decline in the rate of voltage increase following a
period during which the rate of voltage increase has
continually risen, and the arithmetic means 6 further
outputs a signal for discontinuing the supply of charging

35 current to the cell based upon the information of the
third function in that the rate of temperature increase

of the cell during the second period became more than



30 decreases as the battery becomes charged. Application of

Kirchhoff's voltage | aw reveals that, when Rerr] is hi gh, the
majority of the applied charging voltage i's dropped across R[err]
with very little voltage being droppe& aross the battery. As Rerr]
decreases, the 35 mejority of the applied charging voltage is dropped

across the batt eﬁv)’:.cg“ b y&Lye Fésté';tlflf VPAE%Q?%M txgglgereatlnér alrré%zéea oféthe
he

- 13 - ﬁﬁ act 0ss
isinitially |ow=e tin nfa?%a%ﬂe%staspwpeocbaért%rlyp%ne ginformatieyept

depl eted. Thus, fiefle fendtidd ein nutaial a VPl i9gedecline H O AES O8I R €T the
but this vol tage dtreopoél_ncr ases as the battery's energy | evel

decr eases. F?Qﬁn%ﬁ?ﬁeiﬁﬁmr di ssipation within the battery
can be anabyzed. R| erkdcalrdisngatestipoveerpaitatuvg Hot hrapidly odiesgy gy and

di schargi ng of the.bajt i fq Ssj pation
I s heat but, theﬁenﬁ h%%nlcﬁgoaew%ﬁle%gc%ﬁ tr%%c@s%gnés %ouﬁ%ﬁ (ﬁlénc%a t he
heat i ng ef f ect giredeterpigvrd speigry el H &l @ svickelteadmigmyceakl
heat is priaduagd. ey a5y df»lééc[%c_g@rfeﬂaéeg%uffl@n@aéé &y, &MY it is

accomobdat e excess energy ug) to a 0.3Crate, wthou
desired to feed a large current of at least greater than

10 2C rate to the nickel-cadmium cell, quite unlike the
conditions related to the current in a conventional
charging operation.

Concretely, a current of 2C or greater, i.e., a
current of 3C, 4C or 5C is fed for the rated currents of

15 the nickel-cadmium batteries.

According to the present invention, therefore, it is
necessary to optimally adjust the amount of current fed
to the cell during the charging operation depending upon
the rated values of the cell inclusive of the

20 constitution, output voltage and output current of the
nickel-cadmium battery for which the charging operation
is required, and upon various characteristics, residual
capacity, charge-discharge hysteresis, and the like. For
this purpose, it is desired that the apparatus for

25 rapidly charging the nickel-cadmium batteries of the
present invention is provided with a current rate
changing means 9 which changes the rate (C rate) of
current.

According to the present invention, furthermore, the

30 cell temperature of the nickel-cadmium battery is
measured by using a temperature measuring means 4 which
is constituted by a suitable temperature sensor while
feeding a large current. Here, the temperature being
measured may be any one of the surface temperature (skin

35 temperature of the cell), the internal temperature of the
temperature at the cell terminal. A suitable embodiment

is selected depending upon the need and the temperature



detrinmental effects. However, when the charge/overcharge.15 rate exceeds
0..3C, other factors which affect the i nherent bal ance of the chem cal
reactions in the battery nmust be consi2 er ed. _ Figure 2 is
an equivalent electrical circuit for a - ““battery charging at the 4C
rate. The figure shows two 20 internal resistors in parallel: fixed
resistor Rlerr] @ithe meastsdd able resistor Rerr] Rerr] corresponds to
Rl err] of Figure 1, in that the resistance value of Rerr] is

i nversely proportionaP?W¥h Hhe9%R ties 2 R lay el imitatiorsiin ey, the
heati ng caused b;onwmut;;ﬁjcﬁﬁidxatﬂm ﬂéhﬁg'i;atiuﬁ es[e%dsdls &p%}gﬁ%ﬁéep%r ese]%t\!s
t he endot herm c effect. of the chem cal reactions.

a resi dual m%aess%%ﬁ%&e%p%ﬁﬁﬁysé%ﬁﬁ%ﬁaes‘fl?w RN reRReRaHr g Hef

resi stancedval uehsf dRflerr |a iteenfpewed wared darda&permfe?r%oms‘tmyt' _eci by, Oﬂ_‘ozlt he f
chem cal reacti rryj ' Y. ...Jesistance ,val ue o
Rlerr] is relat %n%l?ﬁlﬁr?%sﬁuﬂr#ﬁa#@éoq dra-r%)q_'e}? Ié’%’ts%%r ﬁné-’ll giﬁ ilﬁbougeht
chargi ng i ncreadddq KOWadtersitth the swf@cs |of epertatdy efritlienaddly], 2f at
all. As the bat &g an adiRGARRS dayd Mechar aed 1he rasisiance,of Rerr]

decr eases S,t.o a value below that of Rerr] , and the effect of R err]
35 becomes déri%tarnt®* At this point, |arge anounts of heat are
generatedl®y Rierr], Weausithg tdhardhigeioperaavi@mlils carried out by

inserting the cell in the charging apparatus of the
present invention, the positive electrode is connected to
one terminal of the cell and the negative electrode is
connected to the other terminal thereof as shown in

15 Fig. 10.

Figure 11 is a diagram illustrating another example
of the cell temperature measuring means used in the
apparatus for rapidly charging nickel-cadmium batteries
of the present invention. In this embodiment, the

20 temperature is measured at the output terminal of the
cell 2 that is charged. 1In Fig. 11, a connection
terminal 43 for charging containing, for example, a
spring, is connected to a plus-side terminal 31 of the
cell 2, so that the charging current is fed during the

25 charging operation, and a charging terminal 42 made of a
metal containing a spring is connected to a minus-side
terminal 32, so that the current flows from the minus-
side terminal 32 to ground. A temperature sensor 4
having the same function as the aforementioned one is

30 " mounted on a portion of the charging terminal 42 to
measure the temperature at the output terminal of the
cell.

The measured temperature data is converted into a
suitable voltage value and is fed to a suitable

35 arithmetic processing means that will be described later.

It is desired that the charging current

discontinuation signal based on the fifth function of the



- 14 - tenperature to increase substantially. g Figure 3
Il1lustrates the rel ationship between R err] and R err] during battery
di scharge. The resistance val ue of R[err] is initially dom nant (i.
greatly exceeds the 5 resi stance val ue of! Rlerr], such that any

I nternal heating or term nal voltage reduction i s caused prinarily by

Rerr]. As the balLery. s eperdy keysl (fecteasgss oR SL burpur ohBS! GRAEES,
Eventual |y, the Teési retance Vartd ﬁ[err] BéconesVs8 ﬁ al
of the battery' stheldagéine 10 thedr@pgedfawbtsgpz[ enryeand RFerch]a C@ilLh?2

none bei ng droppgd cont1n§§i@§sdéggc@@8tQEYléhsg azﬁigrgﬁiﬁytofokﬁﬁgg
appears across the battery termnals). gure 4 i s an

el ectrical equi vafepr Ehechirspfdgcline lBa@FE?ytﬁﬁdéFgﬁhﬁgr6§§rEﬁarge

Wien the batteryvosthgél ¥yndbeasechbar grd, céhe b?StBéaﬂQQtMaEUQcQRoR[ err] is
effectively zero Ther %ore sistance, remaining in

t he battery is Tﬁ%?niaprége %dpﬁﬁsﬁ$5rf?xengfoﬂagsbagﬁwPobﬂd
t hat heati ng cauBkgubgsRbeandl b thai nateavfchatyagg iatesase of tpheto the

0. 3C charging raé&llf?°¥8ﬁiﬂﬁu?1§§:EPQ&Q'Pﬂoﬁ henréﬂé cﬂ§§g19§”8?ﬁkﬁgiBX

power di ssipatioh W creases In proport
i ncrease in the thasginged for theecehd?twnhall yheegbesging anpuatsonfis

oxygen areg n&LPeY aksMp @été&leva'fﬁgréf'@fg' nghéaél@ﬁreghéfoébfgﬁﬁe
reconbi nes with cadmum at™ the negative el ectr reduci ng the cel

vol tage. This, PRCRLRRL PHCAGGLBSSRREAEING the Ehadesipatan By RESF ],

whi ch further |nbée@5e6fhené cell assemadsng pOSatiherﬁaluéunamayaCﬁadetoﬁn.

Accordingly, as change which is obtained by further differentiating the

above value assumes zero or a positive value. As the

15 cell is further charged to nearly 100% charging rate,
however, the voltage is suddenly inverted toward a
decline. Therefore, the rate of voltage increase
suddenly assumes a negative value.

That is, according to the present invention which

20 measures the cell voltage that continually rises for a
predetermined period of time, a first decline in the rate
of voltage increase following a period during which said
rate of voltage increase has continually risen is
detected to render the judgement that the cell is 100%

25 charged or nearly 100% charged, a control signal for
discontinuing the charging operation is sent to the
control means B, and the switching means 7 is actuated so
that the charging current will not flow into the cell
from the current feeding means 3.

30 Here, a change in the voltage level is in a delicate
condition particularly when the charging rate of the cell
has approached 100%. By taking safety into
consideration, therefore, it is desired not to readily
generate a control signal for discontinuing the charging

35 operation immediately after the rate of voltage increase
has changed first to negative but to generate the control

signal for discontinuing the charging operation after



I ndi cated above, it is inportant to prevent overcharging.. the battery

whil e charging at elevated charging rates. 30 Figures 5 to 8 depict
t he tenperature and voltage effects on_a nickel -cadnm um battery being
charged at-the A4C rate. Figures 5 and %8 depict the relationship

bet ween the battery's terminal voltage and its skin terrperalturei:_

for different inifd enper S e 35 particul a I gure
5 plots batterymtatenig{e% g%%ﬁcg“{%/en& saéd‘lé%flene%l\%enttf%r%% H%‘\e/\%raré%r%%t%r ked

"TEMP 1") and having confirmed the rate of voltage incrdase.

vol tage (upper curve gex kigthrafdel, L' Mereasi tddeed rbenerat[éetﬁpé]déox;@fof‘
battery chargin t.he 4CJ_ate and havin an initial tenperature of

At | .
38. 8 degrees Ceg-ﬂ’i%ﬂae?def.or 1SCOR LT i"g‘%i‘fﬁqr&%n%ma‘%m vhrn the
respectiveSbatt eroltdye draagnper atetertantl dntda Qe idl \kﬁﬁltﬁﬂrﬁamlk@ffgﬁgp 2"

and "VCOL - d, ttery's initial t erajure is . 3.3
degrees Centi gr }éée. | guroeft pllr)%\ﬁedelsncarenaasgeni}}alsecf%rg)nge& L{'icf Irl%gtaftaﬂt"l'eph of
the tenperature curvéPnsftifiyfyss F g arithmegiciGreans usedinal yies of

the battery vol t3gesehy i3 R4 11 now be described with reference to
the drawings.

10 Figure 12 is a diagram explaining a memory circuit
in the sampling means 4 or 41 of the invention, as well
as functions and circuit constitution of the arithmetic
means 6, and is a block diagram explaining an apparatus
which measures the cell temperature and calculates the

15 result thereof. That is, an apparatus for rapidly
charging nickel-cadmium batteries comprising a first
memory means 61 for storing temperature data of the cell
sampled maintaining a predetermined time interval by a
temperature measuring means 4 that measures the

20 temperature of the cell 2, a first arithmetic means 62
which calculates an average value of the cell temperature
in a predetermined period of time from at least two
pieces of temperature data maintaining a predetermined
time interval stored in said first memory means 61, a

25 second memory means 63 for storing the average value of
the cell temperature calculated by the first arithmetic
means 62, a second arithmetic means 64 which calculates
the rate of temperature increase of the cell in a first
period (for example, 5 seconds) which is a suitable

30 period during the charging operation from the data stored
in said second memory means 63 in order to calculate the
degree of change related to the increase or decrease of
the cell temperature in a neighboring predetermined
period of time or to calculate the rate of change in, for

35 example, five seconds based on the data of average value
of the cell temperature stored in the second memory

means 63, a third arithmetic means 65 which calculates



reveals a dramatic increase and subsequent decrease in . the rate of

i ncrease of voltage towards the conpletion of t he charging cycle.
Referring to Figures 5 and 6, it can Qf seen that the battery's rate
of voltage-increase rises 15 from about™ *fiTlivolts per second for the
first 9 mnutes (0 seconds to 540 seconds); to about 4

mllivolts per s n r~kh e 0 onds _tq 690
seconds); and, tgﬁgbga%QSOﬁi??ﬁéék?ggré Egggé?sgeggnéﬁ%ofgﬁﬁglﬁe?ts@ﬁond
seconds (690 secBRB&°fo(20r exyyplgecdnagyondshefedfowingt Roiaficsy s

vol t age coperu@s &Adi Acteaseh hAHithhetiat RedhsWBECHnikEnI ?988@%65
decreases eventu I¥ to gﬁout é nlglgvolts Eer second at b he.83Q
second point. AfY3F RBHr 5RFnkREPyOE3BCRREHARYETBf increasengf gbhgpBel&dint
the 4C rate, thethat$ecyndapenbdod oolgesiRéd byat$epthegergyianﬁeea6 be

consi dered full Cs Si e_batter e rature
curves of y%?gﬁ%gggSTSGaﬁ.%e?%EeQ?gé%oé§i§¥?%?i?§ %é?m%%%eyﬁ curves
except at the cobRTREFdEUBE imerease gphgtlkgctell Fiomnthe firgtspeoinds to 660

seconds, the "TEMRAInsdI¥g SHONSs@For? aritifsefsenbiinLegperature of
0. 0097 degrees Centi grade per second, while the "TEMP 2" curve

actual ly shows a In gEhe SRR HPY FRRAEA® of BheoBveselt ebBVERRiPRF ade
per 19econdthéraee&fd sedotltbrd ta SBthmeeDNdfeatiHesd 3ARI 065 may be

t enperature incr .rises to 0. 038 degrees Centigrade 35 per second
(TEMP 1 curve) dﬁ§§€%%$&dk%réé%m%%htigrade per second (TEWMP 2 curve)

respectively. This deienbtreersretely desdreibsed abelwmwfDd dthacperasediree.
doubling) in thesgAat& Plulating the measured data according to the
present invention.

15 In the present invention, first, the temperature of
the cell is measured and the charging operation is
controlled as described below.

In response to clock signals from a central control
means 8 and maintaining a predetermined interval, the

20 temperature measuring means 4 measures, for example, the
skin temperature of the cell and initially stores the
data in the first memory means 61.

By using a suitable sensor such as the one mentioned
earlier, the temperature of the cell is converted to a

25 voltage.

In the present invention, the data of temperature
measurement is obtained for every clock signal and,
hence, a plurality of temperature data are stored within
a predetermined period of time in said first memory

30 means 61.

The period of the clock signal in the present
invention corresponds to a sampling period. Therefore,
though there is no particular limitation in the period,
the data may be sampled in a quantity of, for example, 10

35 to 50 per second.

The first memory means 61 has a predetermined memory

capacity and should desirably be so constituted as to



- 16 - tenperatur.e increase at the point where t he battery is

al nost fully charged. Rapi d, high rate charging, which is one of
t he obj ects of the invention, requires precise control of the 5
anount of charge to avoid detrimental condi #fors which can occur very
qui ckly and cause irreversible danmage to the battery. Prior art

Char g1 00, Leehn! WSS LA G 950 pi S UGLDAL 1AL 0 A1 LaLEs Wb 10y e

1C rate.have & when t ey are enpl oye
greater than 1C. In Iiﬁaﬂd cil drhe vegsdnl ginkprociaan s an avemethfalua wrh

causes excessi vecﬂteaier&%ﬁﬁu@raamé Hdiddining tRAlSALdet A ARSE R

above. This can Iead tao reduced capacity,. reduced cycle life and
possible cel | verit A a1 'fs capgf iR R tﬁ?"ecﬁlsre“bcﬁ'ﬁlrg}meaftl‘bﬁ%ﬁ%ﬂ%gszr at es
in excess 45 bafs dcheadd® raatpel woadl ey anfc cogpestiach iy stefdtddned in the
nonitoring the Qaféseg voI]{aq%é t he battery tenperature ~or both.

The battery vol tage ex HiTRe: ’ characterlstlc whi ch occurs
only at the point V\héinq}heirbai\teerqge sadfe a2 (e ohltG%erharygeth lculldtsing

h teristic iy I batte S g f |t rease
Cmed ately 1ol Pt VAR (061 Tie ng it e oo SEpretigety

vol t age | FRES@ss ©that clmﬁﬂmwa\td pueoyesn O fTHeenipiegte truatee ctmfta which

10 are the sampling values continually obtained or may be
obtained by calculating those data among 10 to 50 pieces
of data within a predetermined period of time, for
example, within 5 seconds.

The memory means may, for example, be of the FIFO

15 (first-in-first-out) type.

The average values (Ta, Tavz, —-—-, Tya) 0Of cell
temperatures calculated by the first arithmetic means 62
are initially stored in the second memory means 63.

Next, calculated below is the degree or rate of

20 change related to the increase or decrease of the cell
temperature within a neighboring predetermined period of
time, for example, within 5 seconds based upon the
average value data (Tu;, Tawas ---,; Tya) of cell
temperatures stored in the second memory means 63.

25 That is, rates of change (Vy, Vg) in the average
values of temperatures are calculated as follows by the
second arithmetic circuit 64 and the third arithmetic
circuit 65 for the average value T, in a first period,
i.e., in the first 5 seconds in a selected period, for

30 the average value T, in a second period, i.e., in
5 seconds following the first period, and for the average
value Tus; in a third period, i.e., in 5 seconds following
the second period,

Tava = Tany = Vo

35 Tavs = Tavz = Yz

Similarly, hereinafter, the amounts (Vy, V) of



chargi ng shoul d be di scontinued when this decline is 25 - detected to

prevent the battery from becom ng overcharged. . The battery
tenperature al so exhibits a unique ch cteristic which occurs only
at a point-when the battery is 95%to T00% charged. This _
characteristic is a 30 dramatic increase of at least two-fold in the
battery's cledRgef ik cOREr b elr &yé NE4 PASE. of NiSmpaPL dut-ocL£ase ,
signifies that thelba tgr% j;s al nost fulég/tcharrgeél and. that the high
rate of charge shoufd De°YiseontYFegpredetermined | peyY&ad Sprirgcbiti nui ng

hi gh rate char gi ®leopbmg 3dperadisdrecti on of either one of the aforenentioned

vol tage or ~  emhgsalreyconsiyd ansone IRy aliernatiyely ghssontipue
hi gh rate chargi ng upon sf miltaneous detectiomr o oth _
- 17 - > CefitPeYdhsre in 5 secondsy gndctarllye chireotly ngsed ghs rohe

battery chargi ngchange . asrid 9] GsRi O FBY BARLS ﬁ’e%@dg@saab@ééﬁrafto
9%%to 100% of its c hout exposing the 5

\tljmawlepy to thgbﬁqlﬁlae%g? Bt YL stJdTI‘e'os‘gf‘I:C‘ln;?/%?Wrﬂg.rate of changgre®te
exanpl es of the sapatditass faXldawpi dly
Vp,/5 = RVp
10 Vi/5 = RVp,

Then, in the present invention, the fourth
arithmetic means 66 calculates and judges the
relationship between the rate of temperature increase
RVy; of the cell in the second period obtained by the

15 third arithmetic means 65 and the rate of temperature
increase V; or RVy of the cell in the first period
obtained by the second arifhmetic means 64.

That is, in the present invention as described

above, it has been experimentally confirmed that the

20 temperature of the nickel-cadmium battery during the
charging operation suddenly rises as the charging rate
approaches 100%. That is, the cell is destroyed or the
cell performance is deteriorated unless the charging
operation is discontinued by detecting such a state as

25 early as possible. According to the present invention,
therefore, the rate of temperature increase of the cell
is monitored as mentioned above, and it is so judged that
the charging rate of the cell has reached 100% or nearly
100% when the rate of temperature increase of the cell

30 measured this time is greater than twice the rate of
temperature increase of the cell measured in the previous
time, and a control signal is produced to discontinue the
charging operation.

Concretely, therefore, the fourth arithmetic

35 means 66 judges whether the rate of temperature

increase V;; or RV;;, of the cell in the second period is



chargi ng ni ckel -cadm um batteries according to the -present invention
wi Il now be described in detail with reference to the acconpanyi ng
drawi ngs. 10 Figure 9 is a block di agram expl ai ning the concrete
constitution of an apparatus 1 for rapidly ¢Rarging ni ckel - cadm um
batteries according to a first enbodi nent of the present invention,

which conprises:at least ?reater @héﬂ”iﬁﬁﬁeféﬁ%“fEké“E?“%é&ﬁ@%é%hf@eds a 15
char gi ng current to a cel t hat needs to be_char

tenper at ure neasdt§TffSeaire 2° WwRYuhOfekifregll in gPﬁeftéﬁﬁePSFapérof t he

cell 2; i.e., whe@ttﬁ@:.ﬂ'ﬁﬁvT g<negns 5 which rreasures t he
tenperature of the c% ‘fﬁ?’g‘f stores the data th re f or out puts the
data thereof to an art% nrshe second embodimern, %ﬁl’trtﬁmlt &Sethns 6

whi ch cal c6l at estritvention, ﬂtermﬁ;rxaﬁan'ee, datea @l } hmlcteicje abd anaweshidwd t he

sanmpl i ng r?l-[%j put | that resents a
timng for disconti ntﬂ5 arcg}anggcqg}e gtelsa&%ﬂ-} tad 84S et
swi t chi ng neans aﬁ%ﬁ-@tﬁrﬂim iguidhmetd ¢ procesgiply), cﬂanLnrh&emhatltgltrtga

cell 2 from the ggévanitod q@lmcontlmr&ﬁrﬁ 3 drb I RSRBUS 8o ittt %eo%a% d# om
the arithnetic neans 6; a control neans for

control ling eacHBPHIHE LS lncrﬁ%ar?se Described belowyddi%ithe he current
f eedi ng nkéns 3dd1nS§.'aJtﬂltlon oft ket giﬂg:}ﬁmafoatm&rﬂs fsee_dﬂaa:eiwrﬁ’cﬁnt of at

| east 2C to qﬁalt u the era
the arithnetic r‘P&é"sé shgefl 7% %%porno
cal cul ates the rdxexedfon. errperature |ncrease of the cell fromthe

tenperature data of theHRing to the present invention as described
above, the arithmetic processing means which measures the

15 cell voltage and calculates the voltage data is mostly
common to the aforementioned arithmetic means 6.
Therefore, this common processing means is not concretely
described but only those portions particularly related to
voltage data are described.

20 A suitable voltage measuring sensor which is an
output voltage measuring means is mounted on the terminal
of the nickel-cadmium cell 2. As in the case of
measuring the temperature, the voltage measuring means 41
measures the voltage of the cell in response to clock

25 signals from the central control means 8 maintaining a
predetermined interval, and the data are initially stored
in a first memory means 61.

Hereinafter, the procedure for processing the data
up to a third arithmetic means 65 is the same as the

30 aforementioned procedure for processing the temperature
data.

That is, average values (V,y, Vi, ---, Vy,) of cell
voltage are calculated from the voltage data, and the
amounts (Vy,, Vy;) of change in the average values of

35 voltage in the first period and the second period are

calculated as follows:



obtai ned by the sanpling..neans 5 through the tenperature..

- .18 - nmeasuring nmeans 4, a second arithnetic function which
calcul ates a rate of change by conparing tﬂ§7rate of t enperature
increase of the cell in a first period wit - the rate of tenperature
I-ncrease of the cell in a second 5 period, and a third function which
conpares the rate of v,Lempgraturg increase of the cell in the second
peri od with the rate"8f teﬁ%erai“re i ncrease of the cell in the
first period in order to Vudge Wvethefvat he rate of t enperat ure
increase of the cell rhanthgsseequdreari edtes &9 tem?@&ﬁth?énphﬁﬁ bl pes as
great as the rate of tenperaturé I ncrease of the cell in tﬁe I rst
period, and out pEFSng are cadrydatefopsqfeddASrhui ng the supply of a
chargi ng current t ovi e eelRv,pased on the result of the judgenent.
I'n addition to the fundangntal canstitution shown in 15 Fig. 9, the
apparatus 1 for rapidly ch&#%ing kel - cadm um batteries according
to the present invenfThen, in theuptrkeentompwveséson, the fourth a voltage

measuring means,41.f6cTB2SHLhE06ENGudges aOULRYEL ;1 ¥ALEREEHBEsEEEGEbY 2;

the rate of voltage increase Vy, or RVy, of the cell in

10 the second period obtained by the third arithmetic
means 65 with respect to the rate of voltage increase Vy
or RVy; of the cell in the first period obtained by the
second arithmetic means 64. '

That is, in the present invention as described

15 above, the voltage of the nickel-cadmium battery during
the initial stage of charging operation mildly increases
with an increase in the charging time, and it has been
experimentally confirmed that the voltage suddenly rises
as the charging rate approaches 100% and the voltage then

20 suddenly drops as the charging rate arrives at 100% or
arrives very close at 100%. The charging operation
therefore must be discontinued by detecting such a state
as early as possible.

For this purpose according to the present invention

25 as described above, a change in the rate of voltage
increase of the cell is monitored and it is so judged
that the charging rate of the cell has reached 100% or
nearly 100% at a moment when the voltage has first
dropped, i.e., at a moment when the rate of voltage

30 increase has indicated a negative condition following the
condition during which the rate of the voltage increase
has continually risen over a predetermined period of
charging operation, and a control signal is generated to
discontinue the charging operation.

35 Concretely, therefore, it is judged whether the rate

of voltage increase Vy, or Ry, of the cell in the second



20 a sanpling neans 51 which neasures the voltage of the

cell and stores the data thereof or outputs the data thereof to an
arithmetic neans; and arithpgtic means which cal culates the
voltage - data of the cell 2 obtained by the sanpling nmeans 51 and 25
I's provided in cormmon to the arithnetic neans 6; wherein

the arithnmetic peaisdbmdantaiheuthl followdhit MBIt ohwhGl A thhdlespect
cal cul ates the %at%hof vglta%e i ncrease ob t he I %#o t he VPIIage
data of the cel IF° th® T85falhed by 3PRe 1ESAFECRg Vite s 1B 1! t dﬂbﬁ Tl 1N

vol tage 30 measufiimgtmpamsodl, and a fifth function which detects a
first decline in the ratevof_y%ltng)increase followng a peri od
during which the rate of vdltagé'increase has continually risen, and
the arithn®tic nmeansagcbygdtiingr to the puegent angegtalonf,of uditbesmoreui deet he

supply of chargipgt3e] siﬁHéﬁe@Brt81%ESnE?hhihgs%ﬂeUEﬂﬁrbﬁﬁgiB QARG IN Of
t he third function i'n that the rate of ténperature’inCrease of
the cell during™@KebPgebbi@uePr6gdbECafte: LifioEOPhARe result of the above

- 19 - hwhi¢Bmasigr pabcassihg.r aliswefeireNMpaeatyhe roNCEegna 10fothe
cell in the firgt period.ang ¥RANhOG L RLOLIRLLED 8T ;LMBetter output by
10 monitoring the voltage data a plurality of times through
continual arithmetic processings and confirming that the
drop in voltage is continuing.
Figures 13 to 18 illustrate changes in the
temperature and voltage of a nickel-cadmium battery when

15 it is charged according to the present invention in
comparison with changes thereof when the nickel-cadmium
battery is charged according to a prior art.

Figure 13 is a diagram of waveforms showing a change
in the cell temperature of the nickel-cadmium battery

20 when it is rapidly charged with a large current of
3C rate according to the present invention, and Figure 14
is a diagram of waveforms showing a change in the
voltage.

Figure 15 is a diagram of when the nickel-cadmium

25 battery is rapidly charged with a 5C rate current
according to the present invention. According to the
conventional charging operation as will be understood
from these drawings, at least 40 minutes are required for
the cell to return to the completely charged state.

30 " Moreover, even when the charging rate of the nickel-
cadmium battery has approached 100%, the rate of change
in the temperature and voltage of the cell is relatively
small and it is not possible to correctly and quickly
judge the moment for discontinuing the charging

35 operation.

According to the conventional charging operation,



fifth function in that a first decline is detected in the- rate of
vol tage increase. 5 According to the apparatus for rapidly

char gi ng ni ckel - cadm um batteri es of tﬂ’ present invention, a

predet erm ned secondary cell, i.e., a nickel“cadm um cell i s charged
by feeding a large current to it, and it is desired to feed a large

current of at | east:eeabee, LhaNnd0 peeRCoEaLEy! Pnkbe: Al ckehscagn um cell.

quite unlike the conditions relafed e current I'n aconventlonal
char gi ng oper at i ®ncomplishing 1@9kcpEt engrobngurpbnt obf the eplyrehetr is

i.e., a CUt}Ii@ncbbg)éc’BQaf4@1@”115€eh§16§dbf/01e§§1€tﬁélﬁe@|0Cﬂiﬁ@’@é§ fhals
t he ni ckel -cadm um According to the present

atte
i nventi on, there?lf)?g iYs less than Llep{nutespt |%I FyatdPestothe anount
of current 5fed howeven, the destidyuisigabhe changengs opetadhdpedeprnthag

upon the rﬁg@@fvé+ue§n8ftﬂgfecféln&”fégééxe¥8%hih§gggg that Fhe . dmi um

constitution, output t age ahd output curren
battery for whi &h@*@lf@%a@mr@tmmmw be consimeeti o2ddisnon upored .

various characteri stifgeof@shglugh the pr&8BRC! bvefhabge-dhsehar
hysteresis, and the | i ke. For this rpose, It 1s desired t at -t he

pu
appar atus for 2831@ndy gkt gis E‘h%ﬁ’b*i’% P FFRMR} L8 dhe O eraxEin@sratet he
present iaventi o tisipr Dy M ved fbr@d,cbgﬁaiﬁtﬂicﬁpéﬁly, witiEhanod Nei Aeess 9

whi ch changes th rate. (Cr current. According to
t he present i nven t}b ch?ﬁt%fé ‘)rﬁ) the 30 cell tenperature of the

ni ckel -cadm um batterfalkhkes 1 to niaas}mxedtéwpeﬂséngres temperal thgesreasuri ng
means 4 which measd§e&%§£iﬁé’t£cbpé/c@icsﬂ t&péfgfﬁapgﬂ&%foéeyégér&@l&e
to the invention of the cell that is charged, which serve

15 as base data for the waveforms shown in Figures 13 to 18.

In Table 1, a nickel-cadmium battery, Model KR-
1200AE, manufactured by Sanyo Denki Co. was charged with
1.5C rate which is a conventional rapid charging method,
the temperature and voltage were measured at a rate of

20 50 samplings a second, and the sampled data obtained for
every five seconds were shown as average values.

Tables 2 and 3 are the same measured data as those
of Table 1, but where the battery, Model P60AARM
manufactured by Matsushita Denko Co. was charged at a

25 3C rate and 5C rate, respectively.

Figures 19 to 21 are graphs generated by calculating
the rates of temperature and voltage increases concerning
the data of Tables 1 to 3 relying upon the aforementioned
definition.

30 Figure 19 is a graph depicted by calculating the
rates of temperature and voltage increases based on the
data of Table 1 from which it will be understood that the
rate of temperature and voltage increases almost do not
change but continue to rise at the same rates until the

35 charging time approaches 40 minutes, and the rate of
temperature rise slightly increases as the charging time

approaches 40 minutes. As for the voltage, the rate of



feeding a large current. Here, the tenperature being measured may be

any one of the surface tenperature (skin 35 tenperature of the cell),
the internal tenperature of the tenpeyature at the cell termnal. A
sui t abl e enbodi nent i s sel ected dependi ng upon the need and the
tenperature - 20 - to be
neasured. volta eTmageaEEea@mbstneoearAbeutﬁanl;érrbhet teRAtiAubBeto
constitution of the ? measuri ng

n?ﬁrature sensor of the te
nmeans 4 used fof*#BaBBffhY ?Fet?ﬁnﬁ@W§tE?Eeope 8T tPﬁeCEéFglng téRBerature
sensor 45 consteékdéedsby) mHnutes, buexanpl eatanolPibltagei shoreakea

therm stor nay be ontact wt e _surface of the body
of the cell 2y dgengg ﬁ5°aﬁ 38hé§?v8ﬁ?5%én36ggwetﬁgpF?R8L§§ shown in
Fig. 10. B0 40 miikWtest he chargi ng operation is carried out by
inserting the cell |gn!pReChandlnBaRRPF2LSe0b0t IS & graph’ §388kding ro

i nvention, the positive electrode Is conn _ erm na
cel| and the neBBeipEeePREL :BWRNEEON Wththﬁe@?EHCF@dthﬁ eehenlatindnal

thereof as showghénrdbes ofi gempfrature and voltage increases based on
the data of Table 2, and Figure 21 is a graph according
10 to the present invention depicted by calculating the
rates of temperature and voltage increases based on the
data of Table 3, from which it will be understood that
the rate of temperature increase increases remarkably
within 20 minutes, and the rate of voltage increase
15 changes dramatically as the charging rate
approaches 100%, and the rate of voltage increase
declines and the voltage suddenly drops when the charging
rate approaches 100%.
Next, the procedure of arithmetic processing method
20 in the charging operation according to the present
invention will be described by using a flowchart of
Figure 22.
After the start, first, a step (1) checks the
characteristics of the nickel-cadmium battery and sets an
25 environment for charging the nickel-cadmium battery.
That is, in the present invention, it is desired
that the nickel-cadmium battery is charged within a
temperature range of from -10 degrees to +45 degrees.
Therefore, the temperature is first measured to determine
30 whether such a temperature environment is established or
not, and then the environment is set so that the charging
operation can be normally executed.
Then, a step (2) judges whether an environment
suitable for the charging operation is established or
35 not. When the answer is no, the procedure returns to the
step (1) and when the answer is yes, the procedure

proceeds to a step (3) where it is judged whether the



Figure 11 is a diagramitlustrati ng anot her exanple --.of the cell
tenperature nmeasuring neans used in the apparatus for rapidly .
chargi ng ni ckel -cadm um batteries tgge present invention. In this
enbodi ment; the 20 tenperature is rreasur at the output terminal of the
cell 2 that is charged In Fig. 11, a connection termnal 43 for

chargi ng contai i &@m& &s 3set for Sn%délgmr{%s SOONect £, & @rature
pl us- S|determnal ll't% t he . cell 2, so that the chargi ng current
fed during the 289 ¢t a‘fcg}r‘?‘?gg%p(e‘ra%orpo%ﬁ‘éFaas‘de?%l%lYe?}?ﬁ n@mmrﬁﬁa‘d?ée of

a netal cantt au}m o ek eSIpYd et 1fin W}e)d t OvBerl HHiS - &m%% J.SE no,
termnal 32, so the urrent ro fro m nus- side term na
32 to ground. A r’rﬁ)era eIhsto‘fr ack rnga\r/l'le}f?g Stntr?ep stk FURRRSHAL dsh¢ he
af orenent i Bned @wves Qiﬂ?ratlrmunt émam tthep@artswer dfs tyhes ,chamglpng)deﬁmélal

42 to MEAPH R dds LRIMETAL f ol Ol e SR Oladdfor the

cell. The neasured te r ture data 1s
sui tabl e vol tagé’q}eﬂa@@ Sd the mdfked waginiap ha 3 ry awe thersuredrigtessi ng

neans that will skecteseridied it &lock signals tHatd Sadeddgsid gt the

n the fifth function
gpa;%;ng C“rre”tynchrod¥§%”¥¥€ﬂ“¥ﬂé‘?lﬁ%ﬁ?ﬁg ggﬁfd °

10 The measured data related to the temperatures and
voltages are once stored in a memory means provided in,
for example, the sampling means or in a memory means
provided in the arithmetic means 6.

Then, a step (5) judges whether a predetermined

15 charging operation time has passed, for example, whether
five seconds have passed. When the answer is no, the
procedure returns back to the step (4) and when the
answer is yes, the procedure proceeds to a step (6) which

calculates average values of the temperature and voltage

20 data measured during five seconds.
That is, average values (T, Tiv2r —-—--, Ty,) of cell
temperatures and average values (Vuy,, Vaa, ---, Vy,) of

cell voltages during five seconds are calculated and are
stored in the second memory means 63.

25 The procedure then proceeds to a step (7) which
calculates a change in the average values of the
temperatures and voltages in the neighboring period
relying upon the average values calculated in the
step (6).

30 That is, for the temperature, the amounts of change
(Vri: Vrz} in the average values of temperatures are
calculated as follows for the average value T,, in the
first period, i.e., in the first five seconds, for the
average value T,y, in the second period which lasts five

35 seconds following the first period, and for the average

value T,; in the third period which lasts five seconds



- 21 - arithnmeti.c means 6 of the invention is qutput only when

the decline in the rate of voltage increase of the cell 2 IS
continually detected at least a plurality of tines after the first
decline is-detected in the rate of 5 voPZage increase of the cell by
the fifth function. That is, in the present invention as shown
in Fi gure and 6, .,the rate of valtage increase of the cell 2
continually ri sggﬁflrogﬁln\%hé%‘et ﬁeec(?ﬁléir é’leﬁéoélﬁerla'tel'dn is started for the
cell 2 until the chargi ng Taperafian=i ¥7;10 nearly conpleted. Therefore,
t he degree of change 7 Obtaipned_by differentiating the change in the
vol t age level of the*Cell &4sune¥ a positive value, and a rate of

change which i sadgt &heedasplitgr eifer sdioidesy dmx itds ridimse memory FIgEve b ue
assunmes ze§o0 Oor a Pogidyd Y@eVal@aghs &he hmountEeldf ichalndd her, chatgegnto
nearly 100% chargl ng rate, however, the voltage is su denldy I nverted
toward a 4B€ AYET2Bife VElGeS, Afhd amREFadunRSs e GAtGEESed as

suddenl y assumegoa leegatfiore thal Weerage value V[jjatini sheagdesdi pgriedt,he
present inventi Qn vvh;l?ch 20 measur eg,the c%l vol t age t hat dcontdi r%ual |y
rises for a O, FOe PEPTARED Ve i®od a6f 10 8BS FSFPPEt PELPFNEPn Fhe rate
of vol tage increase aveldags vglaepani;odndthienghwrdcbesdod; i.e.,rate of

vol t age iﬂfrease has continual ly risep is detected to render the

judgenment~that the cell is4%200% 2% ¥harged or nearly 100% charged, a
control signal for FascenViauFndv.t he chargi ng operation is sent to
the contr gh,ymeyRs Bs AN LIS WLGRINY RIS’ il 3 48ied $Rmory

means 65.
Then, in the present invention, the procedure
15 proceeds to a step (8) where it is judged whether the
data being calculated are related to the temperature or
not. When the answer is yes, the procedure proceeds to a
step (9) where it is judged whether the rate of
temperature increase is rising or not. When the answer
20 is no, the procedure returns back to the step (8) and
when the answer is yes, the procedure proceeds to a
step (10) where it is judged whether the rate of
temperature increase of the cell is more than twice as
great as the rate of temperature increase of the cell
25 that was measured in the previous time. When the answer
is yes, the procedure proceeds to a step (11) which
generates a control signal to instruct the
discontinuation of the charging operation, and a
step (16) actually discontinues the charging operation.
30 " When the answer is no, however, the procedure returns
back to the step (9) to repeat the aforementioned
operations.
When the answer is no in the step (8), on the other
hand, the procedure proceeds to a step (13) where it is
35 judged whether the rate of voltage increase has declined

immediately following a period during which the rate of



that the charging current will not flowinto the cell - fromthe

current feeding neans 3. 30 Here, a change in the voltage |level is
in a delicate condition particularly n the charging rate of the
cel | -has approached 100% By taking safety into consi derati on,
therefore, it is desired not to readily generate a control signal for

di sconti nui ng thﬁoDﬂ@gglﬂﬂcﬁéase KPS 3bh O nh ARG AL oLy afﬁﬁéntgﬁeréﬁgwﬁL
vol t age i ncrease, $d first to negative but to generate t

control si yhal°f o %I%E% % WET M PR E RRGE NP obRe ot tBR 681 eand

- 22 - Wizen Nghe xaster 1¢1eye@np¢m@gpmeed@révxpr&¢@@@s apé ?fter "
havi fi II e inc | nst ance,

e desi red to geress: (P4 FaMelf 1f 90 ' SRISE Smecher the dnetias n hes
char gi ng oper at i @ateeh (hta®e lnqmﬁasgna&hmmntsnukﬂkmtdmké@te@ thres
continually af tefimes. wWHhéh raie é}tsvyé’xj: L8064 NCLBASE-Hasq ch2 nxgggx:[‘r?% back

negati ve. Constitution of the arithmetic neans use
present inventiorP Wit FRP bel Hesks i 1RREAH t¥he @qu@eq@oned Stees and
drawi ngs. 10  when thguresvick iSs aydl AT FX k&) Gofo KBS Ve Sid CUi t

step (15) which generates a control signal to instruct
10 the discontinuation of the charging operation, and the
procedure proceeds to a step (12).

The step (12) is so constituted as to optionally
receive an output signal from the step (11) that judges
the change in the rate of temperature increase, and

15 outputs a control signal for discontinuing the charging
operation based also upon the signal from the step (15)
that judges a change in the voltage by adopting an AND
logic.

Next, described below is a concrete circuit

20 constitution of the charging apparatus used in the
present invention.

Figure 23 is a diagram explaining a concrete circuit
constitution of the charging apparatus according to the
present invention and is an electronic circuit schematic

25 diagram of a battery charger capable of rapidly
recharging a secondary cell at greater than a 2C rate, in
accordance with the invention. The circuit senses
battery voltage and/or temperature and controls the
application of charging current to the battery in

30 accordance with certain predetermined parameters, while
providing a real time display of the battery’s voltage
and temperature.

The circuit functions as follows. BT, designates
the battery (2 in Fig. 9) which is to be recharged via

35 charging current supplied by power MOSFET Q, (MOS field-

effect transistor) through resistor R,. The temperature



in the sanpling neans 4.or 41 of the invention, as well .. as functions
and circuit constitution of the arithnetic means 6, and is a bl ock

di agram expl ai ni ng an appar at us whi ch asures the cell tenperature
and cal cul ates the 15 result thereof. “TRAt T s, an apparatus for rapidly
chargi ng ni ckel -cadm um batteries conprising a first menory neans 61

for storing temesal e, of 1hec8ll; rﬁ?é@ Lot @y ning a
predetermned tine int er%gf‘@aby a J'é}{tles aer%? e %n;&g%%%%ﬁne ns 4 that
nmeasures the 20 thexmigiermatRife couPlRE &6l the, batitierst’ saciastimst PEofegss 62

whi ch cal cul at es. M ALEe Kl pie: Osfic_frhael ol | LD M M Leive of [{hd

predeterm ned period of tine fromat 1east TWo pi eces of tenperature

data mai nt ai ni nFSRFEAIS Mihddie Patteyne? i ntbenval LS tRREEF LS HY first

nenory meaps 61.araldy amSECOk NENDrRTEaRs 63mbehatliohi kG thhe average
val ue of t he cell terrp%rature calculated hy the first arithnetic
means 62, a secdff @ iPheri EOFBEnE ERLlhACEhILYrLEGrapeswork ing WBiFh: Ehgt

terme&ag U\rNﬁ_ i EC_YI%%iEStSI_f\Eé h;lealqgéoloﬂ' REL fdr{jas{dqes_ in tﬁﬁ%ﬁdﬁ%ﬂ&ﬂ&@@{m{t@s 5

seconds ichi,s sui e 3 eriod durin  char gi ng oper.atlon

fromthe data stdr 2‘&18 baatt%qrry ssaitc?"&@c‘?ﬂfd‘%'rmrqgn faquTa}P OJde(rAEf(U of

cal cul ate the 10-chiegrede aofalzitange diefiatadd d@\xdr}ftémarmme)'rveiaesrrease of

th | er I ' N r r1 . perj time or
e ce {6 %ﬁ%&ﬁff&éﬁ'Eﬂﬁygﬁg%dgégtégﬁﬁg%gégﬁﬁﬁgt%tlJé foth

to calcul ate the rate of charnge “fo I've seconds based
on the data of XPditage wfl fde battesiy the &9 seaqist sthanaesh dPdl )in t he

second NENDry receiRRANHE3,antp Liilcdl AdniddPRit b B et 1Ry & iGHAt es
output by the analog amplifier Ul. The other channels of
analog to digital converter U2 are not used.

15 Analog to digital converter U2 converts its input
signals from analog form into a digital form suitable for
input to integrated circuit microcontroller U3 which
corresponds to the arithmetic means 6 and the central
control means 8 of the invention, which has on-board RAM,

20 ROM and I/O ports. Microcontroller U3 is preprogrammed
to read the digital data signals from the analog to
digital converter U2, process the data, and control
MOSFET Q, as hereinafter described.

In this embodiment, the memory means which are

25 explained with reference to Figure 6 or 12 are all
provided in the integrated circuit microcontroller U3
which is the arithmetic means.

Microcontroller U3 also outputs suitable signals for
displaying real time digital representations of the

30 battery voltage and temperature on a 2 x 28 character
liquid crystal display 100.

Fixed voltage regulator U4 supplies a regulated
voltage signal V¢ to power the circuit. PNP
transistor Q, acts as a switch to couple the input power
35 supplied across terminals +V,;, and GND to voltage

regulatoxr U4 when battéry BT, is present, and decouples



23 - the rate of tenperature increase of the cell in a second

period (for exanple, 5 seconds) followng said first period, and a
fourth arithmetic means 66 which judges whet her the rate of
tenperature increase of the cell in t%e second period obtained by the

third arithnetic means 65 is at Ieast twice as great as the rate of

tenperature incerasenphtt bewee! From Uhewﬁbhshop%%%Q@ry is pRlkanhred by said
second arithnetic ne char.gi hg apparatus of the

present invention, gﬂe QPHé°¥é88n&a8ﬁ8 PHPV&gﬁﬁlFH TONHEaR8 64 and 65
may be prepédédxcat&onBDmor the circuilexbmponearet deyidesar iihed

below is the pr9§8|n%2% ioﬁd %g %gbgglgtlngﬁthe neasured data according to

t he resen € present invention, first,
t he tenpeﬁgture of Referehesecell is neasuredDesdriipéiohar gi ng operatlon is
control l ed as descri bedgbel ow. Intl. Rg@t5g§g9n§g ggoch?gg sj,gagks from
a central control means 8 and nalntalnln e er I nterval

the 20 t enperat ure neasuring meah¥0d ﬁé8§9r€§feﬁért§§aﬁﬁ5§°rﬂhe
skin tenperature of theggell and inuMbtekbyastrBesest PRr transélgtarin the
first menory neans 61. B¥e“SiT9132§§bEable ggnsor such as the

one renti oned RT, nwa KET-A thermistor

10 R, 5 ohms, 25 watt, 10%
R, 30K ohms, % watt
R, 10K ohms, % watt
R, 10K ohnis, % watt
R; 10K ohms, % watt

15 R, 510 ohms, % watt
R, 100 ohms, % watt
Rg 10K ohms, % watt
R, 1M ohms, % watt
C, 1 puF capacitor, 35 volt electrolytic

20 C, 22 pF capacitor, 35 volt electrolytic
C, 22 pF capacitor, 35 volt electrolytic
C, 10 pF capacitor, 35 volt electrolytic
Cs 1 uF capacitor, 35 volt electrolytic
Cs 0.1 pF capaciters 390 VvOlt electrolytic

25 U, Motorola uA741 operational amplifier
U, Motorola 145051 A/D converter
U, Motorola 68HC705C8 microprocessor
U, Motorola LM7805 voltage regulator
Display Optrex DMC16230 liquid crystal

30 display

Described below with reference to Figures 24 to 26
is another embodiment of the circuit constitution of the
apparatus for rapidly charging nickel-cadmium batteries
according to the present invention.

35 Figure 24 is a block diagram illustrating the

circuit constitution of a battery connection portion of



earlier, the tenperature of the cell is converted to a 25 vol t age.

In the present invention, the data of tenperature measurenment is
obtai ned for every clock signal and, __:gfqpe, a plurality of _ _
tenperature data are stored within a predeternined period of time in
said first nenory 30 means 61. The period of the clock signa
in the present the chhR¥eAli 8PpEeREASPERIENEO; AvEARRLENYIaPELIEY. shppnef or e,
t hough there is_ng ﬁartlcg ar Eln%tatlon kn t he Bgrlod, the data may
be sanpl ed in aPGhhnPRt §78f 2 FOPCEXIRPPEAt1BI3BOILIPR 50 per second.

The first nmenory nealis Bighas 24predéteenceefuner@ly122 dené@pacikty and

houl d desi rabl Ifuted as t . .
> gz o oestre yg?g?éga?ggggs%gﬁébn%?e%gsa0?185?5_?3?méu§ BAEBREY peri od.
Next, in the préseaendavenbabhernh a%6rtlatvasuboobe chargetdheandnperature

data mai ntai ni ngi hgepbedst &7 §Lo8Aat t8Bninal. iNterval is calcul ated by
the first arithnmetic_neans 627 5 baseﬁ upon a plurality of tenperature
data stored in the Reference numeral 123 denotes a terminal to which is

connected a positive potential terminal 127 of the cell
temperature measuring means 4, and reference numeral

10 125 denotes a negative potential terminal of the
temperature measuring means which is connected to the
ground terminal 121 of the battery that is connected to a
low potential power source terminal 133 that is grounded.

Moreover, to the positive and negative voltage input

15 terminals 122 and 121 of the battery are respectively
connected positive and negative terminals 124 and 126 of
the voltage measuring means 41 that measures the output
voltage of the battery.

Furthermore, to the positive voltage (high potential

20 power source) input terminal 122 of the battery is
connected the output of a power source control
circuit 103 that is connected to a predetermined high
potential power source 132.

The power source control circuit 103 is constituted

25 by two transistors Q2, Q3 and resistors R3, R6. The
transistors Q2 and Q3 exhibit a switching function for
discontinuing the supply of charging current to the
battery in response to temperature measurement data and
voltage measurement data of the battery that will be

30 "described later.

Reference numeral 101 denotes a clock generating
circuit which is made up of, for example, an NES555
integrated circuit chip and generates clocks having a
predetermined duty ratio from the output terminal 126

35 thereof.

As a clock signal output from the clock generating

circuit 101, there may be generated, for example, a pulse



first nenory neans 61. - Such an average val ue may be obtai ned by
cal cul ati ng average values (TAVI, T[err], ---, T[err]) of cell

t enper at ures based on at |east two pigces of tenperature data which
10 are the sanpling values continually obtai ned or may be obt ai ned
by cal cul ating those data anong 10 to 50 pieces of data within a

pr edet er m ned peﬁa&&hgﬁaﬁlmﬁiwidﬁh of 0.5XSEPbRds WhbeNi® SCELPUISive
The menory neans %/anor exa be. of the FIFQ 15

(first-in-first-ouwty gt @ s¢ maintainingd 2 er ARy (Ff erfer TAVZ,
---, Tlerr]) of @eﬂmple, 0. Zeimoearrmmfﬁsim@lmlcarhedhtby i‘dil’él(f)ldiﬁtS%il‘ltthEth

nmeans 62 1al |y stored in the second nenory neans 63.
Next, cal cul at ed eI ow1s the degree or rate of 20 change related to the
i ncrease oP decrease Nﬁxﬁheﬁe@#e 25 is tenipkeck wdeagwamiwh ichetghbos taly

predeternined pering©fates thd idEitiiie £ @esémr& @lécéfﬁoma% based
upon the average val ue data (TAVI, erré) of cell

tenperatures st dPERFYTES 'S SEBRETRINDTS Wﬁaa?&r%ﬁe“tz?nd That ts,<- .
rates of change g{AdxsmidntNEDd idx it d1enceias qg@acessmg/al ues of tenperatures

are cal cul ated as fol cond a tic gircuit 64 and the
third arithmetic 1P J’r%%%h&ft(ﬂet‘ﬁ tsﬁi%‘?a‘%ae ;E{%“T‘%W ina first
period, 10 [ t@:miirraltmelﬂ regtd 5l Zecohdshe rteanpsetaotes mémdi,ng‘ or 30
the average val yg Herq ]cdrfhé?ct??for ) 'lﬁﬂ:térf 120 Nis J]‘eL?euI?aT 2

followngtheflrst peri od aver a

third period, i RFedgtpmminad il tase d‘vhl?ﬂjlgh % Vqlﬁéa%%cklﬂﬁjf%férmws "140
TAVZ - T[err] = Mmi¥tituted by differential amplifiers U9 and Ul, and is

then input to a data processing circuit 150 which is

15 constituted by th first memory means 61 that stores the
sampled temperature or voltage data used in the
invention, the arithmetic processing means 62 which
calculates an average value of the data from the
temperature or voltage data stored in the first memory

20 means 61 within a predetermined period of time, e.g.,
five seconds, and the second memory means 62 which stores
an average value for every predetermined period of time
calculated by the arithmetic processing means 62.

On the other hand, the aforementioned clock signal

25 output from the clock signal generating means 101 of
Figure 24 is input to the terminal 126, input to a
change-over circuit 160 constituted by a relay K1, and is
further input to the aforementioned second memory
means 63.

30 The change-over circuit 160 constituted by the
relay Kl is normally off and is maintained in the off
condition when no pulse is input.

As the clock signal is input to generate the pulse
once in five seconds, the first average data T,y of

35 average values of temperatures or voltages in every five

seconds which have been arithmetically processed and



35 TAV3 - TAV2 = V[err] Simlarly, hereinafter,
the amounts (Verr], Vierr]) m -

25 - change in the average values g tenperature are
cal cul ated for every predeterm ned period during the char gi ng
oper ati on. Here, the above values represent rates of change in

5 t enper at ur etiotred siexcm.rmdas s@l&d)ndamelﬁ@rﬂri @elnlsy 6Bsdd amtpd® in
change. This. NQYRSLonial be (SXREESIGDAS A5 Bl 1o snouhangg Per

unit tine, . as a rate o ahge secon
V[err]/ 5 = Rv[gmpphm@tlc circuit lSW[@haFJSOﬂSRthtes what is cadeed in

t he present 'nV%ﬁE'%@cohaeaEQ%hh@tlc mean@' g4 Rt ith TBARSNRE oralkglatigs and
j udges the rel ati onshi p between the rate of tenperature increase

RVT2 of the cel Madf ¥Re °§eé‘oﬁ‘d ﬁ@Fﬁ&é}lél%t afRdd thpr Hé -15At thdisy goment,

ari thnetic meangifzeandet h:@xah@beoﬁ}fert emmﬁwmo has belefCraasedVier,’ lcher
RV[err] of the cell in the first peri ed bythe second

ari thmetic neangvg%age data T P ﬁﬁ?s EhrPHgf‘hEP‘ﬁrggéﬁgel rRYERti on as

descri bed circuit 160 and is stored in a temporary memory
circuit 152 constituted by differential amplifiers U2, U3
10 and a capacitor Cl.

The output of the temporary memory circuit 152 is
input to a non-inverting input terminal of the
differential amplifier U4 that constitutes the arithmetic
circuit, and a difference from the output of the second

15 memory means 63 input to the inverting terminal 1is
calculated.

As the pulse of the clock signal is turned off, the
change-over circuit 160 is turned off, and the
temperature data Tuy; that is output first is stored in

20 the temporary memory circuit 152.

Next, as the second clock pulse is input, the second
average value T,y; in the second memory means 63 is input
to the second arithmetic circuit 151, and a
difference T,; - Ta is calculated relative to the

25 temperature data T, stored in the temporary memory
circuit 152, and a rate of the temperature change in the
first period is determined.

At the same time, the temperature data of the
previous time stored in the temporary memory circuit 152

30 is substituted by the average value T,y, of this time.

Then, as the next clock pulse is input, the third
average value T,y; is similarly input from the second
memory means 63 to the second arithmetic circuit 151, and
a difference T,y - T,; 1s calculated relative to the

35 temperature data T,y , stored in the temporary memory

circuit 152 to thereby determine a rate of temperature



above, it has been experinentally confirmed that the 20 t enperature of

t he ni ckel -cadm um battery during the chargi ng operation suddenly
rises as the charging rate approaches_100% That is, the cell is
destroyed .or the cell performance i3 d8tariorated unl ess the char gi ng
operation is discontinued by detecting such a state as 25 early as
possi bl e. Accordi ta._t resent, invent therefore, the rate of
tenperature |ncr§h§g’0ﬁqt¥%é) cond pegLp nDnltored as nentioned above, and

it is so judged that That ls,hetmtténgi regrlcatignegft t Hdhec eddcdnegs ariddheat 100%
or nearly e vs*heraﬁdﬂea{eat&ﬁfd LARGRIUE Ideraq{sea@e ﬁgrfcﬂefn celd 30

nmeasured this tine i s greater than twce the rate of enper at ure
i ncrease of the add|YhNatHS RIPIGF IIFE Prieihguommon qwﬁélltarﬂ(f]a contr ol

signal is groduced tonl %ﬁ;&dﬂﬂt{%zhe Tav1). o%héhgl BEcBRAr 8kl @Ametic
Concretely, -therefore, ourth arithnetic 35 means 66 j udges whet her

the rate of tenﬁ'éfré%q}rte 151 is jippudade W& ﬂuﬁﬁrew Fonsie tigd by tghe

second period Iﬁlfferentlal ampllfler U5 and to an arithmetdf@ - at

| east greater than tWIC e of t. erat.yl Vierr] or
RVerr] of the &&%%n tei‘r? 61l_‘lhras td‘f}qR ? fourth AN

means 66 of the lnventlon made up of a differential
10 amplifier U8.
The output (T - Ta) ©of the second arithmetic
circuit 151 input to the buffer 153 is stored in a
separate temporary memory circuit 154 constituted by the
differential amplifiers U6, U7 and a capacitor C2 passing
15 through the change-over circuit 160 which is turned on.
By setting the gain of the buffer 153 to be 2, the
temperature data output from the buffer 153 becomes
2(Tav2 = Tav1). Therefore, the data related to the rate of
temperature change in the first period stored in the
20 separate temporary memory circuit 154 becomes
2(Tava = Tavi) -
Further, the output is input to the inverting input
terminal of the arithmetic circuit 155 to calculate a
difference from the rate of temperature change in the
25 next period, i.e., in the second period output from the
second arithmetic circuit 151.
That is, the arithmetic circuit 155 executes the
arithmetic processing, i.e.,
(Tavs = Tavz) = 2(Tavz = Yawi) > O
30 That is, the fourth arithmetic processing means 66
outputs a positive voltage when the rate of temperature
change in the second period greatly rises in excess of
two fold of the rate of temperature change in the first
period obtained by the sampling five seconds before, and
35 whereby it is judged that the charging rate of the

nickel-cadmium battery has reached nearly 100%, and the



I .e., whether 2VTI < V[err] According to the second enbodi nent
of the present 5 I nvention, furthernore, the cell voltage is neasured

during the rapid charging operation in addition to the

above-nmentioned arithnetic processing, and tﬂe “chargi ng operation is
di scontinued in conbination with the rate of t enperature increase.

Descri bed bel ow @rithnetic neans 6 rel ated
to neasurl(ﬂg%%h%/]%ea%ae o) élﬁi (Fbrg%d!%e procedur e,
t her ef or . Teator o :ngntcbelf h@%r%‘%@fﬁ ~TeReieReth GRNeEEPR betie

above, the arithymipee mpmlmmar@rmx@étmaisw@ésémg Ibeans c&b | is
vol tage and cal cul ates_the volta e data i S. ND. %g% t? conmon, to the
f

af orenent i oned arMRHetTE" fekh® Cermig e bt

hr's Bh processing
means is net conmmﬁifdgi 131 oikﬁhnlmmmbinsomm¢Q'¢¢m$eobo¢ir©mst 103 of

particularly relat to td@“t€$¥*éﬁﬁekfﬁﬁ%£§§5f'@§dth§9 constitufes

sui tabl e voltag asurlng sensor ut voltage
measuring neans e rpumedorehecortrdharircuit b@3t%@dn?@khmt%%ﬁﬁ?ﬁn¥%%lI

2. As in the casgQfent suppEASUNfAdh (e LEIREF 3 sl e t 182 VOb LEIGE ABERSIL NG
nmeans 41 nmeasur es tﬁ% volta e of the cell in response to clock 25

si gnal s from t hecatmi ¥ PEHRT6I L A2ans 8 maintaining a pr edet er m ned
interval, 1gnd the datlal@ulaelmtjs?lléybmaf efliagram éxphafnisd teeory neans

O hira ari A on (P, BLoCSOh ol RLOSESSLING (BEdale wpich VP

procedure for prosessies tie cerper atoleage whenatlye nickel-cadmiwat s,

average values (Merdly, M8 s peing B&p1ddy 0n&ehéd and which is used
together with the temperature measuring means.

15 In Figure 26, the circuit constitution of the
voltage measuring means is basically the same as the
aforementioned temperature measuring means.

That is, in Figure 26, the voltage data from
terminals 124 and 126 of the voltage measuring means 41

20 connected to the battery 120 is regulated to a
predetermined voltage through the voltage buffer
means 141 constituted by the differential amplifier Ul,
and is input to a data processing circuit 150 constituted
by the first memory means 61 which stores the sampled

25 voltage data used in the invention, the arithmetic
processing means 62 which calculates average values of
data in a predetermined period of time, for example, in
five seconds from the voltage data stored in the first
memory means 61, and the second memory means 63 which

30 " stores average values of every predetermined period
calculated by the arithmetic processing means 62.

On the other hand, the clock signal output from the
clock signal generating means 101 of Figure 24 is input
to the terminal 126, to the change-over circuit 160

35 constituted by the relay K1, and to the second memory

means 63.

The change-over circuit 160 constituted by the



vol tage are cal culated fromthe voltage data, and the - anmount s

(V[err], V[err]) of change in the average val ues of 35 vol tage in the
first period and the second period are - g41calculated as foll ows:

- 27 - . Vlerr] - VAVI = V[err] Vierr] -
Vlerr] = W2 Then, as required, rates of tenperature change per
a second areslaal Kl g etb:asalb}l@ﬁ]ms; arfd stays _I_ihn thg\&ﬁ]r&éﬁdﬂi?n
RV err = err en, in e presen

[ n\[/ent% on, the f%huerr% hthe%vqurrll? %‘1‘% %lasn%' 66 judges a rel ationship

possessed by t Hes ridie ofocklsiaye ] nicy cagmt/[ter rdercer 804 erid pilsde
cell in 10 t Reh &GNk PR | Q-G &l bféirtsn'? é@aé%%{%é” wl of or

means 65 with respect to the rate of'votq e 1 ncreas .
RV[err] of the &M9rage tvclug raft vyrehtagpobimignatbyf ive secondsseduinth

arithmetic meanhaf% been arithmetidalls, Jobddi&dd ts 5??&9“3&?.
descri bed 15 above, the voltage of the nickel-cadmumbattery during
second memory means 63 is output in synchronism with the

clock signals and is input to the arithmetic circuit 151
that constitutes what is called the second arithmetic

10 means 64 of the present invention that is made up of the
differential amplifier U4. At this moment, since the
change-~over circuit 160 has been turned on, the average
data V,y; passes through the change-over circuit 160 and
is stored in the temporary memory circuit 152 constituted

15 by differential amplifiers U2, U3 and the capacitor Cl.

The output of the temporary memory circuit 152 is
input to a non-inverting input terminal of the
differential amplifier U4 that constitutes the
aforementioned arithmetic circuit, and a difference from

20 the output of the second memory means 63 input to the
inverting terminal is calculated.

As the pulse of the clock signal is turned off, the
change-over circuit 160 is turned off, and the voltage
data V,y; that is output first is stored in the temperary

25 memory circuit 152.

Next, as the second clock pulse is input, the second
average value V,, in the second memory means 63 is input
to the second arithmetic circuit 151, and a
difference V,, - V,y, is calculated relative to the

30 voltage data V,y; stored in the temporary memory
circuit 152, and a rate of the voltage change in the
first period is determined.

At the same time, the voltage data of the previous
time stored in the temporary memory circuit 152 is

35 substituted by the average value V,,; of this time.

Then, as the next clock pulse is input, the third



the initial stage of charging operation mldly increases wi th an

I ncrease in the charging tine, and it has been experimental |y
confirnmed that the voltage suddenly rises as the charging rate
approaches- 100% and the voltage then 20 ~ é@ddenly drops as the charging
rate arrives at 100% or arrives very close at 100% The charging

operation dREF LSO a TSty be ldé Sﬁhl QU L ﬁﬁo%‘gﬁt&%ﬁ&d‘l g %s%c‘{l\h state

as early as possible. S pu e present

invention 25  TE"UENTHEY %d‘x% t he ey iarithmetie ofrowit ah®l, and
increase of the a:ei:lfﬂérémm tqped avng ik c81301lk4edetelativel RY thite

charging rate of q:e cel has reache 100% or nearly 100% at a nonent
when the vol t agd Ha 49 r Vaz S§OFScedn ithe temporamnhdiimamen the rate
of vol tage530 cnnmrmslesmafb Il e die iegigtd e €ondid %i@ad@%mcﬁéﬂe
condi tion during Cgte af the voltage increase

continually ri sen over 'ed period of chargi ng operat I on,

and a control signal ’HYBE g?elt@taie(detzo Vm) difschet 'seuentiharﬁlnafngitmg

operation. 35 jircuit rqte:%n ut‘? e,bu 45 Odnsvxéiect ery t e rate
of vol tage |ncrease V[err rr] of t in e secoln
. 28 - differential amplifier US and to the arithmetic

10 circuit 155 that corresponds to what is called the fourth

arithmetic means 66 of the invention made up of the
differential amplifier US8.
The output (V,y; - V,y;) of the second arithmetic
circuit 151 input to the buffer 153 is stored .in the
15 separate temporary memory circuit 154 constituted by the
differential amplifiers U6, U7 and the capacitor C2
passing through the change-over circuit 160 which is
turned on.
Further, the output is input to the inverting input
20 terminal of the arithmetic circuit 155 to calculate a
difference from the rate of voltage change in the next
period, i.e., in the second period output from the
arithmetic circuit 153. That is, the arithmetic
circuit 155 executes the arithmetic processing, i.e.,
25 (Vavs = Vava) = (Vava ~ Vayy) < 0
That is, the fourth arithmetic processing means 66
outputs a positive voltage when the rate of voltage
change in the second period becomes smaller than the rate
of voltage change in the first period obtained by the
30 sampling five seconds before, and indicates a negative
state, and whereby it is judged that the charging rate of
the nickel-cadmium battery has reached nearly 100%.
Then, the charging operation is discontinued when the AND
logic indicates that both the above data and the data
35 from the temperature measuring means are on.

That is, under the above-mentioned condition, the



period maintains the fol-lowing relationship with respect to the rate

of voltage increase V[err] or RV[err] of the cell in the first
peri od, Vierr] - V[err] <O0,p_ According to the
present invention, furthernore, the control signal for discontinuing
t he chargi ng operation may be output based readily upon the result of
t he above QUL HREES F CLINE OFSSSENTar HONRYE] ¢ ;})P@cégﬁiﬁg'mééx%'aésf%.

0 nonitoring

di scontinuing the ¢ argi nrﬁ operation is better output (
the vol tage dat a*2Ppt ura? t‘%/}e%fo‘f'?%% teFBiRdt 157 teohkenimPulrithmetic

processings and werrhimad ng30 hat the power &5@Pcé NcyptiaDec] SceLOt]fti Hg.
ature and vol tage of

Figures 13 to 18.i trate changes.in_.the . _lenmpe

a ni ckel - cadni u%‘lb%*%léer%‘?v%%ntli Of# tEhe tc’f'ﬁar?%’e%t%c%‘;r dFBRYE tPRHel reRnt
i nvention Pn the cpower | soc e tdorthanesi tdeteof 0 Wemd the i tketusadihaim
battery is chargggd-aseorgi ' r jgure .13 is a

di agr am of wavef or s, sho%%l%%ﬁfa%%o&é I'I’mirenrt Eae| Ilfée?rtp%r%}f%rrél(gfe%'he
ni ckel - cadni um ERAEY pttegneGt is rapidly charged with a | arge

purreg_t of f 3C ][Ia:‘u_e ﬁ@h@rﬂjf]ﬂ)‘-‘té)#sl”'es}ﬂfﬁeiﬂi ﬂi@g_rgiglﬂ,, and Figure 14
is a diagramo vef o show ng, a change in the vol t age.

Figure 15 is a ﬁ%’gﬁ%ﬁé giﬁl%e g %é‘f?ﬂtcﬁqumb‘dlﬁﬁ Um2t theRQWSE iSOYRER dl y
charged wiPh a 3©Ontaal cuirenit 103 tcacdurai rithd @utm tpPresedind NVIEY | e
According to theg | riq tjon as wll be

under st ood efmrpoerﬁat ese rdavm nénse?{lgtlgjl erkg)sq%?(')taerﬁ 'nu eescoanrneeCrteec‘fluiti'oeathfeor
the cell to ret FFeNOFIRF ShRlettdlsy) RO EPusIaR e€ontrol circuit 103 via

a suitable mode select circuit 162, and that the input
tefminal 131 of the power source control circuit 103 to
15 which the output terminal for voltage measurement is
connected and the input terminal 130 of the power source
control circuit 103 to which the output terminal 157 for
voltage measurement is connected, are both input to an
AND circuit 161 and are further connected to the
20 transistor Q2 of the power source control circuit 103 via
the mode select circuit 162. |
Parts in the circuits of Figures 24 to 26 are
concretely described below.

In the circuit constitution of Figure 24:

25 ' C, 10 puF
C, 0.1 uF
Q NPN transistor
Q, 2N4403 transistor
Q5 2N3055 transistor
30 R, 576 kiloohms
R, 72 kiloohms
R;, R, 470 ohms
R; 1 kiloohms
R 2RO 25 watts
35 U, NES555

In the circuit constitution of Figure 25:



30 Mor eover, even when the charging rate of the nickel- cadm um

battery has approached 100% the rate of change In the tenperature
and voltage of the cell is relatively _ fnall and it is not possible to
correctly and quickly j udge the moment” ¥ 6t di sconti nuing the charging
35 oper ati on. According to the conventional charging
oper ation, c,, C 1.0 uF - 29 -
furthernore, it has been stated that t%e time for acconpl i shing 100%
of charging rate of the cefi that isrelay DPRB object of the invention by
less than 20 mnutes and, g, prefegpapl Yoohiss than 10 minutes. At that
period, 5 however, no distinguishable chan%e Is recogni zed in the
waveform and there i s no RéasBh:fB? | &blgi Ry, tR&t RHe R10, RERarBiag
operation ghould be continued or di Sgonki NeERms According to the
present invention, on the he h g 1t.LS possible to acconplish
100% charging rate 10 m#%hi%lko %}%uﬁg 7an }éparticularly, wthin 14
m nut es with 4C or 5C rate. 100 Kiloofmbles 1 to 3 show
tenperatures and voltages gjq measyy @o g ifgs @ practical charging
operation according

R16 2.7 kiloohms

10 Ui, U2, U3, U4, US, U6, U7, U8, U9 741
In the circuit constitution of Figure 26:

Cy, C, 1.0 pF

K, relay DPDT

Rl1, R2, R4, R5, R6, R7, R8, R9, R10, R12, R13

15 10 kiloohms
R3, R1l1 100 kiloohms
Ui, u2, U3, U4, US, U6, U7, U8 741

Flowcharts of other processing operations for
executing the method of rapidly charging nickel-cadmium
20 batteries according to the present invention are briefly
described below and are also shown in Figures 27 to 50.
That is, in Figure 23, the microcontroller U3 is
preprogrammed, in a manner well known to those skilled in
the art, to perform the following functions: (1) read
25 digitally encoded voltage signals representative of
battery voltage and battery temperature from U2;
(2) continuously monitor consecutive samples of the input
signals to detect a two~fold increase in the rate of
increase of battery temperature; or, a decline in the
30 - battery’s rate of voltage increase immediately following
a period during which the battery’s rate of voltage
increase has continually risen; or, both; (3) turn off Q
in order to discontinue rapid rate charging of the
battery upon detection of either or both of the
35 aforementioned conditions; or, if the battery’s

temperature or voltage specifications are exceeded; and,



to the invention of the.cell that is charged, which serve 15 as base
data for the waveforns shown in Figures 13 t.o 18. In Table 1, a
ni ckel - cadm um battery, Mdel KR- 120QAE, manufactured by Sanyo Denki
Co. was charged with 1.5C rate which i's a conventional rapid charging
met hod, the tenperature and voltage were neasured at a rate of 20

50 sanplings a SF@P'@isﬁP&‘y"@?g;?@é’P'PQpPé’éénE’Q{f‘&@@ EOfne patt&Mpry five
seconds were shown’ as average Val ues. Tables 2 and 3 are the
sane measured daf$@hstimRskoltage grd/ep| kenperytulifere the battery, Mdel

?F:?:OAARM | 5Cmsmuf acrm@ﬂe@yzwftmm\k@m MM@F@ftM@;sel&lm@@ldaZl atsa 25
rate an rate espectively. . i gur es to are graphs
generated by cal ?ﬁ’ja?{h’bg in Mo %ed?té?Jer %tfet%%%'g?%?%r%?a%ﬂe%ﬂ%@%gwhf&
i ncreases Soncermiagocontrolher dal ai ©f priedi @xemdd t to peefgimg upoyutde27?
af orementioned ;.o def{ Ol tlon 3 ializatfio#' 9&%&&? 'fn%ﬁi&?fbéjﬁf’%&é ed
by cal cul ating thie rates o enperature and Vo ?age | NCF eases based
on the dat¥eufinmabregils teow awe cdstablhishedefemdbrsenotse ey the

rate of tenperatyse ik Vol auerd NoE CASPROA DSty Ot initia) CHRNGS, bU!

continue to rise at the sane rates until the 35  charging tine approaches

40 mnutes, and %RPERER B which datperahiR®: PR EETHNtENCi R¥Rases as

t he chargipng ti mestablislegdproaches 40 m nutes. As for the voltage, the rate

of Figures 29(a) and (b) comprise a display subroutine
in which binary data is converted into Ascii format for
loading into a buffer. Figure 30 is the subroutine which
displays the buffer’'s contents on the liquid crystal

15 display output device.

Figure 31 is a counter subroutine employed to
calculate the total time required to charge a battery in
accordance with the invention. Figures 32, 33 and 34 are
subroutines in which averaged values obtained from the

20 analog to digital converter are examined to determine
whether the charging criteria of the invention have been
met.

Figures 35 is a subroutine which initializes the
liquid crystal display by zeroing the values displayed

25 thereon. Figure 36 is a subroutine which continually
updates the display by writing the contents of the
aforementioned buffer to the display.

Figure 37 is a subroutine which performs data
averaging, scaling and range adjustment in order to

30 format the data properly for display purposes.

Figure 38 is a subroutine which initializes the
microprocessor’s interrupts and timers.

Figure 39 is a subroutine which establishes the
sample time width utilized by the analog to digital

35 converter.
Figure 40 is a subroutine for use with an optional

(not shown) linear array of light emitting diodes which



30 - vol tage increase al nost does not change but continues to
rise nearly at the sane rate before the charging tine exceeds 40
m nutes, but the rate of voltage increase_ 46 - suddenly drops as the
charging tine approaches 5 40 m nutes. On the ot her hand,
Figure 20 is a graph according to t he present invention which is

depi cted by cal @dqithed form af RRAANRS A RPN N4 NRldAE th
i ncreases based .on he data of Table 2, and Figure 21 Is a graﬁ%

according 10 Eyh@fprdesse atrainicsh dyeding dheppacdieayl ahargifte
rates of tenper grwoesand thelrebye proeiedses thasedean With a visudata of Table

3, fromwhich it _w.l under. st ood that t rate of .tenperature
i ncr ease increaééglégéggwa%%yt%e peRﬁ%ﬁmﬁ?cfooﬁiE%Fb§PV§W&lfﬁ% rate of
vol tage inerease 15 Figeirgndés idr anmsuiboaiutynas whiehc lperdionmsr athe main

approaches 100%a3R@4henbadbenel Fioltags inct |iges and the
vol t age suddenlyadrosghwhgn%tﬁ changng * a%%ﬁgFS“SSpfggc 52E100@6

Next, the procedV&MS£OFrithnetic processi ng method 20 in the charging

operation accordi ng Faguke gresent subroutBwnenth@ehWekk 2B id8Ser Magd i
using a flomchagﬁﬁo rr the start, first, a
e

step (1) checks %inimumcﬁgﬂ§%%8§%§9iSgdoyogﬁggég%E&P?Ead f oSS t*éry and
sets an 280 edepictsent phdr ofiasgbmgutheesi ekékhc adspenthabtiery.
That is, in the;pse3ant -bNLRBL A1 0Lt tbSai§3th89 converter; and, format
clock data for display purposes.
As will be apparent to those skilled in the art in
the light of the foregoing disclosure, many alterations
15 and modifications are possible in the practice of this
invention without departing from the spirit or scope
thereof. Accordingly, the scope of the invention is to
be construed in accordance with the substance defined by
the following claims.



that the nickel -cadm um-battery is charged within a .- tenperature range
of from-10 degrees to +45 degrees. Therefore, the tenperature is
first neasured to determ ne 30 whet her s%gh_a tenperature environnent is
est abl i shed or not, and then the envirodnnent is set so that the

char gi ng operation can be normally executed. Then, a step
(2) judges whether an environnment TaPdict @bl € for the charging operation
is established or 35 not. Wen the answer is no, the procedure returns
to the step (1) and when the answer is yes, the procedure

proceeds tTime stspc (B) Mbesaredl i s jRadgedMmhet hervébeage (V% Rate of

- 31 - sanpl i nYoperaged (V3 setltfaye neasurcogvdptédt he teaipeeadiutece
and the voltage (i.e., not neasuri ngraormeasgehg enpeoat ur e increfasihqv)
ni ckel -cadm um battery). Wien the answer is no, measuréde procedure
returns back to the step (1) to repeat the 5 beoperaperati on. Wien te

answer i s yes procedure proceeds to a step (4) where the
t enperature agdg Egthe 4°2847voltage of the nickel 38admi um battery are

measured in o000 synch#o@7 with clock signals tAdt3are output in
synchronisn1y5fgog e sanérb oPeriod. gg'z
20.0000 5.9839 33.6
25.0000 9.3970 33.7
30.0000 9.5142 33.7
34.9999 9.5874 ' 33.6
39.89999 9.6533 33.9
44.9999 9.6899 33.9
49.9999 9.7192 33.6
54.9999 9.7485 33.7
59.9999 9.7705 33.9
64.9999 9.7852 14.6 mv 33.6 -0.001
69.9999 9.7998 33.6
74.9999 9.8145 33.7
79.9998 9.8291 33.9
84.9999 9.8364 33.6
89.9999 9.8511 33.6
94.9999 9.8584 33.6
99.9999 9.8730 33.6
104.9998 9.8804 33.3
105.9998 9.8950 . 33.4
114.9998 9.8950 33.6
119.9998 9.9023 7.3 mv 33.6 0
124.9998 9.9097 33.6
129.9998 9.9170 33.6
134.9998 9.9243 33.4
139.9998 9.9243 33.1
144.9998 9.9316 33.4
149.9998 9.9390 33.4
154.9998 9.9463 33.3
159.9998 9.9536 33.3
164.9998 9.9536 33.4
169.9998 9.9609 33.3
174.9997 9.9609 33.1
179.9997 9.9683 7.4 mv 33.3 ~0.0025
184.9997 9.9683 33.4
189.9997 9.9756 33.4
194.9997 9.9829 33.1
199.9997 9.9829 33.6
204.9997 9.9902 33.6
209.9997 9.9976 33.6
214.9997 9.9976 33.4
219.9997 10.0049 33.3
224 .9997 10.0049 33.3



10 The neasured..data related to the tenperatures and vol t ages
are once stored in a nenory nmeans provided in, for exanple, the
sanpling means or in a nenory neans provided in the arithnmetic neans
. Then, a step (5) judges what i8r ~a predeternined 15
chargi ng operation tinme has passed, for exanple, whether five seconds
have passeg. W e apswel,.L§ no, prag, r r a to the
Step (4) e e vﬁagﬁégﬁr PO tne! or SERTUE R, B be SR 5 o
(6) which cal cul ates aver g% \g&gg (t‘ﬁse Fpomerature ane \vQldAge 20
data measured during five seconds. hated Sur8yerage val ues
(T[err], TAV2, ---, T[err]) of cell t enper agshss-aPg-aver age val ues
(V[err], VAV2, ---, V[err]) of cell voltages during five seconds are
cal cul ated apd.age7 10stowged in the second nmenorg3ngans 63. 25
The procedueg4t hep7procamddita® a step (7) which 33.aal cul ates a change
in the average.9abues ofil.la9ss t elmper atvur es and 33olet ages i n €he0025
nei ghbori ng2pér 9 HH6 10r.@yBiSng upon t he average vaBuds calculated in the
step (6). 3B24.9992 That0.i1$8% or the tenperature, BBeSanounts of change
(Vierr], v¢§§9iﬁ99ﬁe avéilade Mal ues of tenperatures3adré cal cul ated as
foll ows for38fhed@9erage WalldB™T[err] in the fBEsd period, i.e., in
the first fPy@.8288nds, Hlorl 3BTe average val ue3%A¥2 in the second
peri od whi cP4fa2232five 185158%econds fol | owi ng the3fi-¥st period, and for

549.999 I 7 ; ; ; 3 ;
t he average554.999§aluei@@%gngthe third period mhggh | asts five seconds

739.9989 10.2173 31.
744.9989 10.2173 31.

3
559.9992 10.1660 32.3
564.9992 10.1660 32.3
569.9992 10.1733 32.5
574.9992 10.1660 32.7
579.9992 10.1733 32.3
584.9992 10.1733 32.5
589.9992 10.1733 32.3
594.9991 10.1807 32.0
599.9991 10.1807 32.3
604.9991 10.1807 32.2
609.9991 10.1807 32.2
614.9991 10.1807 32.2
619.9991 10.1880 7.3 mv 32.3 ~-0.0025
624.9991 10.1880 32.3
629.9991 10.1880 31.9
634.9991 10.1880 32.2
639.9991 10.1880 32.0
644.9991 10.1953 32.0
649.9991 10.1953 32.0
654.9991 10.1953 32.2
659.9991 10.1953 32.2
664.9990 10.2026 32.0
669.9990 10.1953 32.0
674.99390 10.2026 32.0
679.9990 10.2026 31.7
684.9990 10.2026 32.0
689.9990 10.2026 : 31.9
694.9990 10.2100 31.9
699.9990 10.2100 31.7
704.9990 10.2100 31.7
709.9990 10.2100 31.7
714.9990 10.2100 31.7
719.9990 10.2173 31.9
724.9990 10.2173 31.9
729.9990 10.2173 31.7
734.9989 10.2173 31.6

6

6



- 32 -
T[err]

foll owi ng the second period; i.e.,
= V[err]
are stored in the third nmenory nmeans 65. 5
anount s of. change (Vlferr],

Vlerr]) in

tenperatures are calculated as

in the finghLdqrdRd,

and for

VAV2 - V[err]
results are simlarly stored in the third nenDry'measur@§an
the procedure 15 tempsPLOLES to a step (8)
data being calculated are related to
10n@r46When th@ .8nswer is ye8l.6he procedur.e®s
proceeds to/2#-9989 stepO(QR4where it is judged wheBheb the rate of

Then, in the present

mhere it

t enper at ur e/ 3hc¥ e i s10i-2i24§¢ or not.
Hrhrid8dhack £8-2R45step (8) and

procedure r
g)g:%eds t% 8319

t he proced

rate of

Meash édt he % &% a%% val ue

t'he averaggiy

—V[ err

]

i nventi on,

i s judged whet her the
t he tenperat4dd eSdBS

1109

1114.
1119.
1124.
1129.
1134.
1139.
1144.
1149.
1154.
1159.
1164.
1169.
1174.
1179.
1184.
1189.
1194.
1199.
1204.

1209

1214.
1219.
. 1224,
1229,
1234.
1239.
1244.
1249.
1254.
1259.
1264.

4.
7179.
784 .
789.
794 .
1074.
1079.
1084.
1089.
1094.
1099.
1104.

2246
9989 10.2319
9989 10.2319
9989 10.2319
9989 10.2393
9985 10.3052
9985 10.3052
9984 10.3052
9984 10.3052
9984 10.3125
9984 10.3125
9984 10.3125
.9984 10.3125
9984 10.3125
9984 10.3125
9984 10.3125
9984 10.3198
9984 10.3125
9984 10.3125
9984 10.3125
9984 10.3198
9983 10.3198
9983 10.3198
9983 10.3198
9983 10.3271
9983 10.3271
9983 10.3271
9983 10.3271
9983 10.3271
9983 10.3271
9983 10.3271
9583 10.3271
.9983 10.3345
9983 10.3271
9983 10.3345
9982 10.3271
9982 10.3345
3982 10.3345
9982 10.3345
9982 10.3345
9982 10.3345
93982 10.3418
93982 10.3418
9982 10.3418

TAV3 - TAV2 = V[err]
For the voltage, the

N 419hé ave

Tlerr] -
and the results

rage val ues of

follows for the average value V[err]

eQr é:he th

incr

7.3 mVv

When t he answ@r 720

A &ig 178

err]

igggn%éperlod

'tgmpe tgre
1ncrea

is no, the

whéh-the answer is yes,
step (10) where |§1|§ judged whet her the

31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
30.
30.
30.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
31.
30.
31.
31.
31.
31.
31.
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tenperature increase of the cell is nore than twi ce as . great as the
rate of tenperature increase of the cell 25 that was neasured in the
previous tinme. Wen the answer is yes, t he procedure proceeds to a
step (11) which generates a control si"gnal to instruct the

di sconti nuation of the charging operation, and a step (16) actually

di sconti nugsnd hes&haj 9i RBa8ASEAL | ON.rRAQ of Wien thg an g/er(vit)s Rl%e Rpnever,

the procedure returns voltaBackvto ddieafeep (9) E8niePeal N&emperature
af orenenti oned oper ati ons. increase MWhenfEbg ansver imdiedde t](iag
step (8), on the other hand, the procedure pegsgeds to a step (13)

where it is 35 j udged whether the rate of voltagrptpstease has declined
i mredi ately followi ng a period during which the rate of

- 33 - 1269.998Rt age Ihc¥¥edse has continually risan.l Wien the answer

is no, thelgiécBBBRe retlfr.itUfack to the step (8) aldd.o when t he
answer is 1{ 49.8R82pr ocddlir3d 1 oceeds to a st38p 0(14) where it is

j udged whe g%f‘-?ﬂ%zdecl il{pegﬁé{he 5 rate of vol sg\%g i ncrease ihs
g?gf:legﬂ?lal Egg: §§ gCth‘%’:MSl times.. Wen the afgdwdr is no, the o

10.3491 31.0
1304.9981 10.3491 31.0
1309.9981 10.3491 31.0
1314.9981 10.3491 31.0
1319.9981 10.3491 30.8
1324.9981 10.3491 31.0
1329.9981 10.3564 31.0
1334.9981 10.3564 30.8
1339.9981 10.3564 31.0
1344.9981 10.3564 31.0
2174.9969 10.6494 31.1
2179.9969 10.6421 31.1
2184.9969 10.6494 31.3
2189.9969 10.6494 31.3
2194.9969 10.6494 31.3
2199.9969 10.6567 31.3
2204 .9968 10.6494 31.3
2209.9968 10.6567 31.3
2214.9968 10.6567 31.3
2219.9968 10.6567 31.1
2224.9968 10.6567 31.0
2229.9968 10.6567 31.1
2234.9968 10.6641 7.3 mvV 31.3 +0.016
2239.9968 10.6567 31.0
2244.9968 10.6641 31.4
2249.9968 10.6641 31.4
2254.9968 10.6641 31.3
2259.9968 10.6714 31.3
2264.9968 10.6714 31.1
2269.9968 10.6714 31.1
2274.9967 10.6714 31.0
2279.9967 10.6714 31.3
2284.9967 10.6714 31.3
2289.9967 10.6714 31.4
2294.9967 10.6787 31.6
2299.9967 10.6714 31.7
2304.9967 10.6787 31.6
2309.9967 10.6787 31.4
2314.9967 10.6714 31.4
2319.9967 10.6787 31.6
2324.9967 10.6787 . 31.3
2329.9967 10.6787 31.6
2334.9967 10.6787 31.6



to the'step (13) to repeat the above-nentioned steps and when t he
answer i s yes, the procedure proceeds to a step (15) which generates
a conﬁrol signal to instruct 10 t he di scontinuation of the charging
operation, and the procedure proce To a step (12). The
step (12) |s SO constituted as'to optionally receive an out put signal

fromth;f. g §%1)5 g% tgg change,ol tée r eRo{ tefrperature

I ncrease,; 0 gnal f rglng
operation based al so upon %ta(@l % %ron %i@?\i‘%@

change in the voltage by adopti ng an e‘&%‘t&ed

described belowis a concrete circuit 20 COFE%},‘IPE%ItQI}eOf the charging
apparatus used in the present invention. Figure 23 is a
di agramaegm . @9sMng a toneyeye circuit constitution of the charging
appar at 234acO®6d Nng t DOt be87 present inventiogwnand is an el ectronic
circuit 23asepsisiec 25 10.67agram of a battery charyer9 capable of rapidly
rechar gi23$4a 99&condar yocev¥87at greater than a 2C3nt%®, in accordance
with the35&mb6éon. The.678%uit senses bat t®ky7 vol t age and/ or

t enper at236td . &b 6cont rbd s678@ application of32harging current to the
battery 43%933966 accot@abB&Owi th certain predeterif n%d paraneters, while
provi d| 74 r9£,95§I5 ti ne1Qir§ 8Ay of the battery's vol} and

t enper atq@?e.- 99 6 -§880¢ircui t 7 4n¥Yi ons as ovvs BT[ &Pr P53
de5|gnat 4 99 gthe t (2 in Fig. 9) which 0o be recharged via 35
chargi n suppi K e power MOSFET ( err] field- ef f ect
transi st gh regl g Rlerr]. The tenperat 93
2404.9966 10.6860 32.2
2409.9966 10.6860 32.2
2414.9965 10.6860 32.3
2419.9965 10.6787 -7.3 mV 32.5 +0.07
2424.9965 - 10.6787 32.5
2429.9965 10.6787 32.7
2434.9965 10.6787 : 32.7
2439.9965 10.6860 32.7
2444.9965 10.6787 32.2
2449.9965 10.6787 32.5
2454.,.9965 10.6860 32.5
2459.9965 10.6787 0 32.7 +0.025
2464.9965 10.6787 32.7
2469.9965 10.6787 _ 32.8
2474.9965 10.6787 o 32.8 +0.05
2479.9965 10.6787 32.7
2484 .9964 10.6787 0 - 33.0 +0.1
2489.9964 10.6787 33.0
2494.9964 10.6787 33.0
2499.9964. 10.6787 . 33.0 :
2504.9964 10.6787 33.1 +0.05
2509.9964 10.6787 33.1
2514.9964 10.6787 33.1
2519.9964 10.6787 0 33.3 +0.06
2524.9964 10.6787 . 33.3
2529.9964 10.6787 33.3
. 2534.9964 10.6787 33.3
2539.9964 10.6787 33.1
2544.9964 8.9868 33.3
2549.9964 8.7378 : 33.1
2554.9963 8.7085 . 33.4
2559.9963 8.6865 . . 33.4
2564.9963 8.6719 33.4
2569.9963 8.6572 . 33.6
2574.9963 8.6426 —33.4
2579.9963 8.63 . MIREBLACEMENT SHI;;ETS Sng
Dl ' Description : paged ... to paged 2%,
REBPACEWNT SHEET| | ® Claim(s) :paged 57 to. paged .¢

B | & Drawing(s) : paged /%% paged "”.[*" _
070CT 1994 "V lZ Abstract paged .f’.?. 0. paged ..... ' oo
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- 34 - measuring nmeans 4 which is a tenperature sensing

therpmistor RT[err] coupled to the battery's casing produces a

t enpérat ure out put si gnal Tsense represent ative of the t enper at ure of
t he battery 2. Tsense is anplified by 532 =analog anplifier UL. RT[err],
in conbination with resi stor R[err] forns a voltage di vi der network
in whi stlv val 1 change pr.oportion to changes
in thecrglarfl?e{fsec er‘r%rasgre 'l;hgg'ﬁ I:ef-rchannelg r@@t é?e éem e @nel
analog to digital conveq:t lﬁy relcre ‘%LP £ caly o1 @hal
+BATT representative of the age {) figa at-kary 2. e Seco
channel (AD1) recei ves the arrpl ified terrp_gﬁtggggeugrgpr esentative

si gnal out put by the analog anplifier Ul. The other channels of

anal og bggdi.gbkal convergere U2 are not used. 15 133.% Anal og to digital
convert gsgbl99@3verts gig206put signals frggaalog forminto a

di gi t al 2boknYgEi3t abl e § 06133 input to integrata eircuit mcrocontroller
U3 whi c2599.9968orrespdrgd8a8 o the arithnetic nears3 .6t and the central

control neans 8 of the invention, which has on-board RAM 20 ROM and 1/ 0
ports. Mcrocontroller U3 is preprogramed -

[REPLACEMENT SHEET

07 0CT 9%




to read the digital
U2, priocess the data, and control
I n thi's enbodi nent,
refgrence to Figure 6 or 12 are al
circuit mcrocontroller

M crocontr ol
time digital

voltag%i%ggq

the circuit.
power 35

regul ator W4 when battery BT[err]

- 35 -

10'

159.
164.
169
174.
179
184.
189
194.
199
204
209
214.
219
224

| er

<20

U3

suppl i ed across

.0000

0000

.0000
.0000
.0000
.0000
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9999
.9998
.9998
.9998
.9998
.9998
.9998
.9998
.9998
.9998
.9998
.9998

9998
9998

.9998

9997

.9997

9997

.9997

9997

.9997
.9997
.9997

9997

.9997
.9997

data signals fromthe analog to

di gital converter

MOSFET Q1 as hereinafter descri bed.
t he nenory nmeans which are 25

expl ained with

= 33provided in the integrated

which is the arithnetic neans.
U3 al so out puts sui %%

represent ati ons of thé& 18 2
on a 2 x 28 character

i gnals for di splaying rea
battery voltage and tenperature
liquid crystal display 100. . Fi xed
voMd

ber

U sipldgs a Reeyl aled
voltddén

L 9b1ERgaCt S

M Agk-eas¥ vg

as corsvé

gé\Q@vﬁi gaak ¥Ygc to power
€ddt 0 eempkeatheel nput

ndeAdY to vol t agerease (V)
I's present, medkwesdupl es

- the input power from U4 when ngedipdt£tyre s present.
The fd*I'W ng table provides electronic part

circuit copppyemts depi.obed in

O 0O CO GO 00 0O OO0 00 0O OO GO GO 00 €O €O 00 00 €O C0 €O 0O €O 00 €0 €O 00 00 00 €O T €0 CO Q0 €O €0 0 Q0 00 0 O 0 0 3 I Ln

.4858
.1411
.2437
.3276
.4009
.4082
.4155
.4229
.4302
.4375
.4448
.4521
.4595
.4668
L4741
.4814
.4814
.4888
.4961
.5107
.5107
.5181
.5254
.5327
.5327
.5400
.5474
.5474
.5547
.5620
.5547
.5547
.5620
.5693
.5767
.5767
.5767
.5840
.5913
.5913
.5986
.6060
.6060
.6133
.6133

specifications for the

Fi gure 23 gsdgdescri bed herein:

.7

.
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5 Ref erence Descri ption q

Intl. Rectifier | RF350 power nosf et ' (MOS
field-effect transistor) - Qerr] Mot or ol a 2N3906 PNP
tragsi stor RT[err] - 54 Fenwal 192-303KET- AO1 t herm stor
10 Rl err] 5 ohns, 25 watt, 10% R err]
30K ohns, watt R3 10K ohms, watt
Rlerr] rime (sec.)OK Mdweyredwatt Rate of VA[tergd (V) Rate 06K ohms,
watt 15 Riltage (V) %oltehes, watqonverted tempepgture
100 ohns, watt R8ncrease (Vjoﬁnﬂmﬁ; Jerr]ing;gase (V)
RO 1M ohns, watt asure 1 pF capacitor,
35 volt el ect rolytic 20 C2 tem&e’iﬂi‘b%ﬁ)am tor, 35 volt
el ectrol yti C3 22 pF capacjtor, 35 vol t
el ectrol 309997 8.6206 4 10 BF capacitor, 35 volt
el ectrol434 9997 8.6206 (g 1 pF capggffor, 35 vqlt
el ectrol 09997 ggg:’lg C6 7.3 Y4 7 pF c3Pafitor, 35 Vot
el ectrol 9'04 Uerr] - Mot Q£ OLa uA741 operati onal
a”D' i fi . Mot orol a 145851 A/ D converter
roI a 8 5C8 mi croprocessor 35'4 u4
l\/bt or ol 88 vol t ag e uI at or 3§)i:§pl ay Opt rex
DMC16230g crystg 35.4i spl ay
Descri b Wi th geggbgnce to Figures 24 to 26.2 i's anot her
enbodi I'T'Bé]ig e cireuigkygonstitution of the 35.2apparatus for rapidly
char gi ngg 34 c§<ga¢g cadmi gmohatiteries 7.3 mvaccordi ngsta the presentodsventi on.
839.9988 9.0894 35.4
844.9988 9.0967 35.4
849.9988 9.1040 35.6
854.9988 9.1040 35.6
859.9988 9.1040 35.6
864.9988 9.1113 : 35.4
869.9988 9.1113 35.2
874.9987 9.1187 35.2
879.9987 9.1260 35.4
884.9987 9.1333 35.6
889.9987 9.1333 35.7
894.9987 9.1406 35.6
899.9987 9.1406 35.1
904.9987 9.1479 : 35.4
909.9987 9.1479 35.1
914.9987 9.1479 35.2 +0.0083
919.9987 9.1553 7.4 mV 34.9
924.9987 9.1626 35.4
929.9987 9.1699 35.4
934.9987 9.1772 35.4
939.9987 9.1992 35.4
944.9986 9.2065 35.6
949.9986 9.2139 - 35.6
954.9986 9.2212 7.3 mV 35.6
959.9986 9.2285 - 35.4 ,
964.9986  9.2285 - 35.4 |REPLACEMENT SHEET
969.9986 9.2432 35.2 }.
974.9986 9.2505 35.1
979.9986 9.2578 35.4 07 0CT T
984.9986 9.2578 35.2
989.9986 9.2725 B .~ 35.6
994.9986 9.2944 35.6
‘999.9986 9.3091 35.7
1004.9986 9.3164 - 35.7
1009.9986 9.3237 35.6
1014.9985 9.3384 35.4
1019.9985 9.3384 35.4



35 Figure 24 is a block diagramillustrating the circuit
constitution of a battery connection portion of

- 36 - t he chargi ng apparatus of the invention, a power supply
porti on and a clock generating portion: 55 - In Figure 24, reference
nuneral 122 denotes a -vol tage input termnal of a nickel-cadm um
batter 5 (secondary battery& 120 that |s to be charged and 121
denot e l&egt(éﬁﬁd)terp?ﬁ ate ofpqf ) 1§%tﬁeﬂs es a
terninal to which i ¥oltage dihhe¥pPLtagepo {,S' \gay al FETRERA ??g of
the cell t enper at ure neasutPig® ﬂﬁg Z F refderenc’enﬁﬁﬁ%?‘il
125 denotes a negative potenti al ternlnal of e rat],Ttem:)erature
measuri ng means which is connected to the é?oundl Srminal 121 of the
battery t connegt 0 a I pot ent i pover sournge rm nal
133 th &ﬂa gdg% nded. g 3955 reo@gr to th§é pgsitive ang r?tegatlve
voltagq_ g&é tgr als 122 and 121 of thesbagtery are respectively
connect (yyggve ang §¢ggt|ve tegngngls 124 an§51@6 of t he vol tage
measur i B Es 41 that 3g9gsures §hegopirput 35vpl tage of the battery.
Furt herrgre, 9985 t he pgsibaze vol tage7(ivgh potenss ab

1054.9985 9.4189 35.6

1059.9985 9.4336 14.7 mv 35.4 0

1064.9985 - 9.4556 ' 35.6

1069.9985 9.4775 35.6

1074.9985 9.4922 14.7 mv 35.7

1079.9985 9.4849 35.7

1084.9984 9.4995 14.6 mv 35.9 +0.01

1089.9984 9.5142 36.0

1094.9984 9.5215 35.7

1099.9984 9.5215 36.0

1104.9984 9.5361 14.6 mV 35.7

1109.9984 9.5508 _ 36.0 +0.02

1114.9984 9.5654 - 14.6 mV 35.9

1119.9984 9.5728 ' 35.9

1124.9984 9.5801 7.3 mv 35.7

1129.9984 9.5801 36.0

1134.9984 9.5874 7.3 mV 36.2 +0.04

1139.9984 9.5874 36.3 +0.1

1144.9984 9.5874 36.5 +0.2

1149.9984 9.5947 7.3 mV 36.6 0

1154.9983 9.5941 36.6 0

1159.9983 9.5947 36.6 0

1164.9983 9.6094 14.7 mv 36.6 0

1169.9983 9.6167 36.5

1174.9983 9.6167 36.6 0

1179.9983 9.6167 0 36.8 +0.2

1184.9983 9.6167 37.1 +0.3

1189.9983 9.6094 -7.3 mv 37.2 +0.1

1194.9983 9.6021 -7.3 mv . 37.5 +0.3

1199.9983 9.6094 +7.3 nv 37.8 +0.3

1204.9983 9.6021 -7.3 mV 37.8

1209.9983 9.6021 37.8

1214.9983 9.6094 37.8

1219.9983 9.0308 - 38.1

1224.9982 8.9575 38.5

1229.9982 8.9209 - 38.8

1234.9982 8.8916 3.9 |REPLACEMENT SHEET

1239.9982 8.8696 39.1

1244.9982 8.8477 38.6

1249.9982 8.8330 39.1 07 0CT 199

1254.9982 8.8184 '38.9




20 power source) input term nal 122 of the battery is connect ed

generates cl ocks haV|ng a

the output of a power source control circuit 103 that is connected to
a predeterm ned high potenti al pomer source 132. The power
source control circuit 103 is constitutedd25 by two transistors 2, B
and“resistors R3, R6. The transistors @ and B exhibit a sw tching
function for di sconti nui ng thﬁ@;@pply of charging current to the
battery in response to tenperature &r nent data and vol t age
measur ement data of the battery that will be 30 descrlbed Iater
Ref ere u I, 10 s a C ner at i ch IS
Ref er e (ELE) 10k 93@9&3%5%2% seret egr{}glb

7 ka3 app B0

raélo fr ii%
gal odtp

termnal 126 35 t her eof .
cl ock generating CIrCUIt 101, there may ﬁgmggggggggd for exanple
pul se havi ng an CN
wi dt h of 0¢50eegonds mmgaaglevery five segmn@s or a pul se
mai nt ai ni ng.a0b0equency. 9af02 f or 34.6
10.0000 8.3496 34.5
15.0000 8.4009 34.6
~20.0000 8.4375 - 34.5
25.0000 8.4668 34.6
30.0000 8.4961 34.6
34.9999 8.5107 - 34.3
39.9999 8.5400 - 34.5
44,9999 8.5547 34.3
49,9999 8.5767 34.3
54.9999 8.5840 34.6
59.9999 8.5986. - 14.6 mv 34.6 0
64.9999 8.6206 - 34.6
69.9999 8.6353 - _ ' 34.8
74.9999 8.6572 - 34.8
.79.9999 8.6719 34.8
'84.9999 8.6792 . 34.8
89.9999 8.6865 - : 34.8
94.9999 8.6938 : 34.6
99.9999 8.7085 34.6
104.9998 8.7158 - 34.6
109.9998 8.7231. 34.6
114.9998 8.7305 . 7.4 mv 34.3 -0.025
119.9998 8.7378 34.6
124.9998 8.7378 34.5
129.9998 8.7524 34.6
134.9998 8.7671 ' 34.5
139.9998 8.7817 34.5
144.9998 8. )1 . 34.6
149.9998 8. - 34.5
154.9998 8. .34.2
159.9998 8. - 34.5
164.9998 8. 34,2
169.9998 8. . 34.2
174.9997 8. 34.5
179.9997 8. 34.2
184.9997 8. - 34.6
189.9997 8. 34.6
194.9997 8. -'34.0
199.9997 8. - 34.6
204.9997 8. 34.5
209.9997 8. 7.4 mv " 34.8 +0.025
214.9997 8. '34.6
219.9997 8. - 34.8
224.9997 8. . 34.8




exanple, 0.2 Hz and having an on duty ratio of 5% (5%495%. 5

Next, Figure 25 is a block diagram which concretely Illustrates the
arithnmetic processing circuit that executes the tenperature
measur ement and the - aforementi omedSar+t hnetic processing.

In Figure 25, the vol t age data fromthe 10 terminals 127 and 125 of the

t enper gt ure neasyri rrean 4 connected_tq .the battery 120 _is
regul a&é & (£6%a Woagyx n%EEg gltage tmciuu £ 4 %ol 2.2% ‘Bﬁgfer means
e

.

140 consti t ut eoP]b f npl " U1

then input to a data processn ng Ti reaf 158 M%:@il 1% F\%???uf‘éb by
th first menory neans 61 that stores the tei&:@fe Lenperature or
voltage data used in the - ‘invention, the arrt et e processi ng nmeans
62 whichyog, 999—,cal cul gt gggan- ‘average val ue of thggdgta fromthe

t enper at34 £, gygvol t agg dokg stored in the first y@npry 20 means 61

W t hin a3 epgferm neg, pggaod of tine, e.g. 34.8ive seconds, and the
second negprogggans 6@, vpggh st ores an aveifgge val ue for every
pr edet erguynexbqeeri od 9f 3pige - cal cul ated .by3g he arithnmetic processing
means 6%29.9992 on30pe ot her hand, the af orggesmti oned cl ock signal 25
out put fg3MI982 cl ock9dsBy64&l generati ng neans 1035 of Figure 24 is
i nput t E3HSI%Z mi nal 912837input to a chang®-®ver circuit 160
constitL&‘kﬂd-S:%th rel ﬁg.B{il_l-a__hd' is further 3%plt to the afor emantloned
second ridfor afd8843" 30 The chad®etover circuit 160
const i t Rkt ‘?che 9~35138Iay KL i s, normally of35ehd is maintained in the
of f 559.9992 9.3604. .4 mv 35.4 +0.05

564.9992 9.3750;; . 35.4

569.9992 9.3896: 35.4

574.9992 9.4116: - 35.6

579.9992 9.4336" - 35.6

584.9992 9.4482;~. 35.9

589.9992 9. o '35.6

594.9991 9. 35.7

599.9991 9. 35.7

604.9991 9. 3 mv 35.6 +0.02

609.9991 9. mv 35.6 0

614.9991 9. 35.7

619.9991 9. 35.7

624.9991 9. v - 36.0 +0.1

629.9991 9. 36.0

634.9991 9. .9 mv -36.0 0

639.9991 9. 35.9 0

644.9991 9. mvV 35.9 0

649.9991 9. 35.6

654.9991 9. nv 35.4

659.9991 9. | 35.1

664.9990 9. .3 mv ~35.6

669.9990 9. ~35.6

674.9990 9. 6 mv -35.7 0

679.9990 9. - 36.0

684.9990 9. 3 mv "-36.0 0

689.,9990 9. - .36.3

694.9990 9. 36.2

699.9990 9. :36.3

704.9990 9. ©+36.5

709.9990 10. ..36.3

714.9990 10. 3 mv :736.3 +0.05

719.9990 10. °36.6 +

724.9990 10. 36.5

729.9990 10. .:36.9

734.9989 10. .3 mv . i37.2 +0.225

739.9989 10. " 37.4 =

744.9989 10. 9 mv 37.7 |REPLACEMENT SHEET
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condition when no pulse is input. As the clock signal is input

to generate the pul se once in five seconds, the first average data
TAVI of 35 average val ues of tenperatures or voltages in every five
secgnhds whi ch have been arithnetically pridtessed and
38 - stored in the second nenory means 63 is output in
synchro,{)lsm he_cl ock s gnal and is input_toQ an arithnetic .
circuit Jﬂ"ﬁ §l‘§|‘3‘ﬁ§‘lré§‘§i c% | ed VOItFHE d¥doPrER ihnetic
nmeans 64 of the |nve PlER %4t g& g B eL e f ereFRRSF2 |f| er
W. At this nonent, Si nce f’h %?1%?19 bv FOB‘l rcuit 16'FERATReN
turned on, the average data TAVlI passes at 8 change- over
circuit 160 and is stored in a tenporary nenDry CIrCUIt 152
constituyqd bygdi ffergntipy anpl ifjergy U2, U3 10 34, Sand a capacitor CI.
The out pqt54obgtalge tenmpregyy menory circuit 152 is9 7 input to a
non-i nversong9geput txymaz of the di fferqml(ﬁl anplifier W4 that
constituzéd.9889%aritmeiiz2l circuit, and a g feerence fromthe out put
of the s@66n@989 ek @Oeans 63 input to the 3gwerting termnal is

774.9989 9.8071 38.3

779.9989 8.9063 38.5

784.9989 8.847+ 38.6

789.9989 8.8037 38.8

794.9989 8.7744 38.6
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cal cul at ed. e i AS—the- pulse of the clock signal is turned off, the

change-over circuj off, and the ‘tenperature data
T[err] that is o'_'u--; ﬂll “‘ red in 20 the tenporary menory circuit
' " second cloc¥® pul se is input, the second

152;
average val ue TAV2 |n the setond menory neans 63 i s input to the
second arithnetic circuit 151, and a glfference Tlerr] - T[err] is
calculated relative to the#2t tenp data T[err] stored in the
tenporarygﬁennry 1. Anlapparatﬁz famdrapidily chatrgéngempekatiur e change in
t he [ e At the sanme tine, the

t emperat ure éﬁ@g?%ﬁ %tkarqgg 5 @?gﬁénglne stored in the tenporary nenory
circuit 152 30 i s substlPuFéErﬁyttﬁ@eévegagéavélﬁ@l¢hvﬁe§ﬂstﬁ|s time.

Then, as thechgxhif Oekreeh%etbsaleaq& thB® hBkhd be cha?yenage val ue TAV3
IS 5|n1larly I npdt fromthe second menory nmeans 63 to f he second

arithnetic circuit 151, and?® tempeﬁaBPFFeﬂéﬁéérTPSrWFanSTKVQCPs cal cul ated

relative to khbgsdbes thenpemperatustat afTkafd] cellored in the tenporary

memory - circurt 152 o Thereby delermng, 3 fate ol LempgLat ure

temperature of said cell and stores the data thereof or

10 outputs the data thereof to an arithmetic means;
| -an arithmetic means which calculates the
temperature data of said cell obtained by said sampling
means and outputs a control signal that represents a
period for dlSCOﬂtlﬂUlng the charging operatlon-

—

15 a switching means which discontinues the

supply of current to the cell from the current feeding

means in response to an output from said arithmetic

means; and . '

) ' a control means for controlling each of

20 said means;

v wherein said current feeding means in said
charging apparetus feeds a current of at least 2C to said
cell during said charging operation; and
_ said arithmetic means has a first

25 arithmetic function that calculates the rate of
temperature increase of said cell from the temperature
data of said cell obtained by said sampling means through °
the temperature measuring means, a second arithmetic
function which calculates a rate of change by comparing

30 the rate of temperature increase of said cell in a first
period with the rate'of temperature increase 'of said cell
in a second perlod \and a third funetion which compares
the rate of temperature 1ncrease of said cell in said
second period with the rate of temperature increase of

35 said cell in said first period in ofder to judge whether
the rate of temperature increase of said cell in said

second period is more than two times as great as the rate
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change in the Tﬂnmmm)mmu;'mél nd theThat is, in this enbodinent, t

second arithne

he

t he arithrretfFc protessi-Ag in the common circuit 151. 5 ~ The
output (T[err] - T[err]) of the second~-afi®% metic circuit 151 is

I nput to the buffer 153 constituted by a differenti al ?rrpllLler us
and to an arithngeti circuit 155 .that ., consfifutes,the, fourt
arithnetic S térr“é‘g%rsa%%r%f”i%’”eeﬁ‘%%e%i%?ﬁl%%%ftpl%fs%&%ifm”é?'éntia| 10

anplifier US.
arithnetic

anplifiers Usaidy iypemenipaci t or C2 passing 15 t hrough the change- over

period, and dquifepwis putsigmal fod|disd¢dnvindimgsekensupply

third arithnetic neans 65 perform

of a CELHind dut A L9 & bJI:%ZL ;%Q%e;’dftﬁrésb% ege%xlrxl%ge?fem al

separate tenporary nenbry” circuit 154 ‘const

circuitsl60 which 3s tuidetbgiratus for rapfﬁlfEﬁﬁéfﬁﬁﬂéenﬂ@ﬂ@lpf the

frTomthe buffer

buffer 153 to be 2, the . _tenperature data out 1
becones caéf“\’[‘ﬁ? r]Tattqif’e‘?sfﬁc@OFﬁg‘rr& R, Chdian dat R Pt BEERRE e 1
of "t enpeongdrirsseschange in the first period stored in the 20

separate tenporary nenory ?ig C\}gl%thaééed' nl?eeacsﬁ.lx”ﬁ%nq r{?)eiﬁnsz fog[r?eé%%ﬁ#ar;&e”

Further, the

output is input'to I nver of

153
ate

1)
t he

arithnmetic citthaiQutBs twoktagailofi said celldifference fromthe rate of

tenpergpure change in the 25 g,MexinPeid Ak v;}%ﬁl%fﬁ&gmée&p@d period

out put fromthe second arjithnetic circul

the arithneti¥Hag8ief BEld ek &nd itores thy idatmttherpaf@sing, i.e.,

(Tlerr] - T[ eddfputs Xnd eddda -théAdof xd an arithmetic means; and

15

20

25

30

35

(-an arithmetic means which calculates the
voltage data of said cell obtained by said sampling
means ;

wherein said arithmetic means has a fourth
arithmetic function that calculates the rate of voltage
increase of said cell from the voltage data of said cell
obtained by said sampling means through the voltage
measuring means, and a fifth function which detects a
first decline in said rate of voltage increase following
a period during which the rate of voltage increase has
continually risen,'and said arithmetic means further
outputs a signal for discontinuing the supply of charging
current to said cell based upon the information of said
third function in that the rate of temperature increase
of said cell in said second period became more than twice
as great as the rate of temperature increase of said cell
in said first period and upon the information of said
fifth function in that a first decline is detected in the
rate of voltage increase.

3. An apparatus for rapidly charging nickel-
cadmium batteries according to claim 1 or 2, wherein said
current feeding means is further provided with a current
rate changing means which changes the rate (C rate) of
cuxrent. ‘ N

4. An apparatus for rapidly charging nickel-

That is
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That | !!iﬁe f ourtharithmeti c processing means 66 out put s

a posttive voltag ’ﬂuﬂﬂ f tenperature change in the second
mcﬂ@ fold of the rate of tenperature

period greatly ris W@
change in the first - ﬂerﬁo bt ai ried y the sanpling five seconds

before, and 35 whereby it is judged that the charging rate of the
ni ckel -cadm u r C Y+ 100% e .

M el o0 VAL Kaboge 8 Letbbathl cdOBK BRI bECclatns 3, cp 5,
under the abovyeerehRi 8n¥dorenaft tha, sunbace tempgrptinref (skénfourth

arithnetic preéﬁﬁétaeufsznéfﬁéhésceu th8PY¥htELAAN! Eemgakaehr&ew RRE 156
to the input 5 termn f the' power soufce cont circuit 103 of

Figure 24 to tePReBREUFrfecat  BRgi Sebt Eﬁrﬁhﬁﬁlcoh§tmﬁéﬁé§9d uSlnghé power

source gontroguLtseuet R egaﬁuf@ sghebfupt t he current” supplled from
t he power source 132 to_the nicke battery 120.

Figure 26 is a bl otk dlﬁﬁrgﬁ?ﬁﬁﬁFﬁ?nFﬂﬁ FﬂBlgT; gLEBHngtDtFSﬁlof t he
arithmetic preséssamgbatteniéswatcbrding toeadaims2t heheyépnt thel t age when

the nickel-cagiiiflng curP8ht ®¥ebPR'sLgnbs! Y p2BLILYSBALEGIRANELNT o 18
fifth function of the arithmetic means when a decline in
10 éEE“EEEé”S%'&bltage increase of the cell is continually
detected at least a plurality of times after the first

decline in the rate of voltage increase of the cell is

detected.
6. An apparatus for rapidly charging nickel-
15 cadmium batteries according to claim 1, wherein said

arithmetic means comprises a first memory means for
storing temperature data of the cell sampled malntalnlng
a predetermlned tlme 1nterval by a temperature measuring
means that measures the temperature of the cell, a first

20 arithmetic means which calculates'an average value of the
cell temperature in a predetermined period of time from
at least two pieces of temperature:data maintaining a
predetermined time interval stored?in said first memory
means, a second memory means for storing the average

25 value of the cell temperature caletlated by the first

arithmetic means, a second arithmetic means which

calculates the rate of temperaturefincrease of the cell
in a first period during the charglng operation from the
data stored in said second. memory means in order to

30 -~ calculate the rate of change relatéd to the increase ox
decrease of the cell temperature ln a neighboring
predetermined period of time based -on the data of average
value of the cell temperature stored in the second memory
means, a third arithmetic means whach calculates the rate

35 of temperature increase of the cell in a second period-

following said first period, and a fourth arithmetic

means which judges whether the rate of temperature
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together with t erature neasuring nmeans. 15 In Figure 26, the
circuit constltu "U'ﬂﬁ " &um vol tage neasuring means is basically the
same as the tenperature measuring means.

That is, in Fi gure 26, the voI tage data $fom .- terminals 124 and 126 of
t he voltage measuring rmeans 41 20 connect ed to the battery 120 is

regul ated to.a o] ern1 ed vql.tage thr .t | t.age, huf fer
nmeans 141 cor’r?t e&sgdogsq:?xﬁ ]‘p'f %ﬂ % d? O&To\ﬁ% frec ﬁ’é’ls I nput
to a data preedssitig nd @aiithnEd( o mesinst uIsecat leastb)tvmue falsr greawmarsy

means 61 whi I E;@.Jgg:l qd ;i e tion,
the arithnet :Elglesrr%tgspﬁfg?’es | ng%%el?aeﬁéngfé%néleg%%cgﬁ:eﬁldaéﬁes an\n/et'lrhraégef \rlkﬁes of
data in a pr ®gatiedriokta &y sRiC meconst anighpiediq means. fjve seconds
fromthe voltage gata a&pe%alrethb,e flor Hapidly dRAEYMgR3RkeAl, and the
second nenDry ns 3.whi g st.ores av ra e val yes qf ever

pr edet er ni ned atterr§§|émqgrg&ngytph§ RrrefeLsi8c §84%hg neans
62. an@hnteltetcoMSha:rmd;pszesclaOd:lhmdgm@nmqt figia nfsr (fmrt he

cl ock si gnal ti n 1 of ur e 124 p

term nal 126, %? V% t % c%;a%% c%rcw f@(} @mplecﬁohngtmt atle‘&nl%/at he rel ay
KI, and to theeéeoemmlmemomyme intemyads bg3a voltage meaBugigigamgansyer
CIrCUI1016O ¢RAL! ety thie voltage of the cell, a fifth arithmetic

means which calculates an averagemvalue of the cell
voltage in a predetermined period of time from at least
two voltage data maintaining a predetermined time
interval stored in said third memory means, a fourth

15 memory means for storlng the average value of the cell
voltage calculated by the fifth a
arithmetic means which calculate

.thmetic means, a sixth

e rate of voltage -
increase of the cell in a first period during the
charging operation from the data ?'ored in said third
20 memory means in order to calcula thhe rate of change
related to the increase or decreaéefof the cell voltage _
in a neighboring predetermined per£Qd of time based on
the data of average value of the cell voltage stored in
said fourth memory\meaﬁs, a seveﬁtﬁ;arithmetic means

25 which calculates the rate of volt

in a second period following said first period, and an

eighth arithmetic means which detects a first decline in

- the rate of voltage increase folloWimg a period during
£ the cell has

which the rate of voltage increas:

30 contlnually risen.
9. In recharging a seconda: cell by applying a

charging current to the.cell whlleim nitorlng the

temperature thereof, a method of rapldly charging nickel-

cadmium batteries wherein the app: qat;on of said

35 charging current is discontinued ﬁbo ;detecting at least

the” doubllng “of the rate of temperature increase thereof
10. In recharglng a secondary cell by applylng a

[REPLACEMENT SHEET

07 OCT 1996




- 41 - rela KL is normally off, and stays in the off condition

s SN e oo 0 2

generate the pt

Verr] of 5 'avera Je tal tie of vol t age63in every five seconds which
have been arithnetically processed and stored in the second nenory
means 63 is output in synchronismwth the : .cl ock signals and is

i nput to the CRARAHMG MiTHEN ite B cell whidg MUHHARINBLRHhAUERUEal | ed
the second aridiftaRid &hbtest rreaafet@{bcpfoft &eplrcagﬁrﬂhafg/ﬁnj ipickdipt i s made
up of the dlff%@% |aI a | ifi.er &%% At_t.hi nDne ﬁﬂf&hﬁthe
change- over S3EHYT esife Fltsh 2R ° e° M%)
passes thr ougimﬁﬁwtchmgﬁmtmueuuupolﬁ&multaneous siesttentacbn rof et

t empor agy meT%a)étC' r lé?\% %%nﬁ:thet "fta%% *]ﬂ% terryel:?;tél{xe% e l ifiers

U2, U3 and the capac errporary menory
circuit 152 ithereof amp@t des ldneordn ribher tdate iafpmoitages ntatcmaameof

differential (il X%nﬁd&%aﬁ:@l 'fdﬂl%’ivfrhfa perm%{Q{
arithmetic circuit, differenCe from20 ™ the output of the second *

nmemory neans %% ,rm °tfo VioHdage 1nGnapse |}\‘T’gg tcé?ﬂﬁ%a]ﬂs‘/ M at ed.

As the pul se .of tha.cl oﬁka@p@rmltmseﬁdﬁ&@tna‘ﬁgmdwe secondﬂl@‘lg%m/ r
CIrCUIi 160 is .turned off nd .t he voltat N ggg a Qe]JI output
first 1% stof@dd AREREA SRRV DS, POY ‘n&r"gPPc]tYr é‘t?at g PPIYING @ Next,

as t he secondhangdingp@userens |tm>ptat ,n:tdi@lsexammi_um battery and a
temperature sensing means (RT,, U2) for sensing the

temperature of said cell and for producing a temperature
output signal representative thereof, said apparatus

15 characterized by: |

(a) a signal processing means (U3) for
monitoring said output signal and'for pfodpcing a cutoff
signal upon detection of at least a doubling of the rate
of increase of said temperature; and,

20 (b) a switch means (Q,) responsive to said
cutoff signal for disconnecting said cell from said'power
supply means. ) J

12. An apparatus for recharging a secondary
cell (BT;), said apparatus having a power supply means

25 for applying a charging current to a nickel-cadmium
battery, a temperature sensing means (RT,, U2) for
sensing the temperature of said cell and producing a

temperature output signal represen;;tlve thereof, and a -

voltage sensing means (U2) for senéing the voltage output
30 by said cell and producing a volta;_ output signal
representative thereof, said appaﬁ};us characterized by:
(a) a signal processingtfeans (U3) for
monitoring said output signals and?}or producing a cutoff

signal upon detection of:
35 (i) at least a doubl

ng of the rate of
increase of said temperature; or, :
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average val ue ML.err} in the second nenory nmeans 63 i s input to the
second arithnet] ““mnd a difference V[err] - VAVI is

cal cul ated rel aﬂ\“\“\“ﬂ“‘“&m voltage data V[err] stored in the
temporary menor LCI*CcWit *152, and #&4rate of the voltage change in the
first period is det er m ned. At the sanme tinme, the voltage data
of the previous time stored in the tenporary nmenory circuit 152 is 35

substituted by the average® valhk ¥Mechinenin $alp battery’s rat@edf as the
next cl ock Fﬂﬂéitdééliﬁ&EeaééexﬁﬁédEEtel followxng a period during

- 42 - verage val ue | S S|mla romth second
rerory. eans NG THET AATHE LT HATS CLAFTEIRE NeH COmmiatly
di fference VAMBsenMAfRdis cal cul at ed relative to the voltage dat a

VAVZ stgred in the terrp@g?rya r@@ﬁéﬁ? Reans © u'rtes%%%sﬂre her qsl%yldjet erm ne

a rate 0f voltage chang he seco
out put (V[ er rqutofif esigr)abffwhedsmmetatmwm;@ cell fremrsaid n@&ers

input to trmaguﬁéﬁg mdeansonstituted by the o differential anplifier U5

and to the arit . )
An apparatus according to claim 1, wherein said

temperature sensing meansicomprlsgsma thermistor voltage
10 divider (RT,, R;) connected in paf@ilel across said cell.
14. An apparatus according ﬁo?claim 1, wherein said
" temperature sensing means comprisés;a thermistor voltage
divider (RT;, R;) connected in paf&ilel-across said cell.
15. An apparatus for rapidlficharging nickel-~
15 cadmium batteries according to claims 1 to 7, whereln
prov151on is made of a suitable dlsplay means for
- informing the external side of the data of at least
either the temperature of the cell or the voltage of the
cell during the charging operation?of the cell.
20 16. A method of rapidly charglng nickel-cadmium
batterles(fompr1s1ng~
- a current feeding means which feeds a
charging current to a cell that needs be charged;
a temperature measufing means for
25 measuring the temperature of the déli;

a sampling means wﬂich measures the
temperature of the cell and storeéﬁﬁhe data thereof or
outputs the data thereof to an arithmetic means;

an arithmetic meansi@hich calculates the

30 temperature data of the cell obtaihéd by said sampling

means and outputs a control 51gnal?”epresentat1ve of a

time for discontinuing the charglngjoperatlon,
a switching means ri:pon51ve to the output

of said arithmetic means and dlscoi'lnues the supply of

35 current from said current feeding medns to said cell; and

a control means forlgéntrolling all-of the
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10 C|rCU|t-i55—LhaL-G@LLespends to what is called the fourth

arithmetic nea t|on made up of the differentia
anplifier U8 IITIB‘MJ“] tput (VAV2 - V[err]) of the second
arithnetic put to.tge buffer 153 is stored in the 15
separ at e tenporary wenory ClFCUIt 154 constituted by the differenti al
anplifiers U6, W7 and the:capacitor C2 passi ng through the

change- over abb&élsalaOmwh 3is * turned on. Further, the

output is input‘to the |n"ﬁ%|gglg'%%er2%urr h%rggg%l §{ gﬁ Sé#{Qpey 4 C

circuit 155 to calcul ate . enceé tromthe-r ageé change
in the next chargipgr apparatas, fieedshe sucoeatpefi ed deast 20 ¢o sedd

ari thnetic cieqyihutidg H éhgrg&Q% @beQQQBhC and Circuit 155 executes
the arithnetic processing B} % AV3 - V[err]) - (Verr]

- V[err}) <0 o éPlFsarPﬁQmﬁddFtWeéplp fEt i ¢ processi ng neans 66

outputs a p05|t|vé vol t ag en hhél&&&esabpvoEt&g&culatlngh&mgenamd:he

second perlo b co mal | er. than th e cha e in the
P ot por oq S5 EaRREY bR, dnadaRel B ERS cpy, 228 ¥ile' BRwBlANS

i ndi cates a dagatpﬁethe celit@bealand wwesab¢ sampd;mad@eanshauatwee
charging rat r I um battery has reached nearly 100%
Then, the chgsg'ﬁgaoggfaﬁgg%hﬁé%glg%%ﬁklnued when the AND | ogi c

i ndi cat@s that both the above dafa S&eedh&teR 4035 calopdgiminge tenper at ure

measuring NegatedbE- @!&ang“'_ Y compatidly ithe WARS ofhecppRyatRmR i oned

condition, t e
gncrease of the_cell in a first period with the rate of

tempe;ature ;n__ease of the cell in a following second

period;: and

__ils s © a third step which compares the rate
of temperature crease of the cell in the second period
with: the rate_f temperature increase of the cell in the
flrst perlod _H whether the rate of temperature
1ncrease of thi in the second period is greater than

20 two fold of the_rate of temperature increase of the cell
in the- flrst perlod and outputs a signal for
dlscontlnulng ;we”supply of charging current to the cell
based on the Judged result.

17 An apparatus for rapldly charging nickel-

25 cadmlum batterles accordlng to claim 1, which further
comprlses.

{L; arvoltage measuring means for measuring
the output voltage of said cell;
s; _' saﬁpling means which measures the

30 "voltage of sai ceil and stores the data thereof oxr

outputs the data -thereof to an arithmetic means; and

"j arlthmetlc means which calculates the
voltage data of sald cell obtained by said sampling
means; ': '

35 - whereln said arithmetic means has a fourth

arlthmetlc step that calculates the rate. of voltage
lncrease of said:cell from the voltage data of said cell

i\l—.‘. JRE e Iy

U S tuiamaied
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- 43 - “ mﬂ““mmmrth arithmetic processing nmeans 66 is
i nput.-fromthe omm 7 to the input termnal 130 of the

power source control citedlt *103 of Figure 24 to turn off the
transi stor @ that constitutes 5 t-he5§30wer source control circuit 103
and to interrupt the current supplied fromthe power source 132 to
t he ni ckel -

m um hattery  120. For, thi s purpose as
shown in Fi gBPEaéﬁeg gyl gaid sampding, pgapga¥ J'tahé'hienfﬁ?tl renfr%élsuféfgof t he
power sourcem&fns, aadt aotfufn:hcultbple)albh whhekst he fauispudecdrimendn 156 for
t enperature u Nt i c c t ransi stor
@ of the poaggésogggesgoﬁ 2AGE Eﬁ%rgggs QBEES&E%g 2 g@%l &ur1% oleh
sel ect cCi rcuWhlEBZthandaltlaant Molitaget has contu.enml&a*l ri®engf amnide sgdwer
source 530””%1%{:\8'&!1& %Qﬁn%ofgur} gr""Bh‘EPuEQe OBE%H‘alt gL nal for vol tage
measur enent 1S nput termnal 130 of the power
source .  digepppsrtingcihe §ggpﬂy ﬂﬁ|éhaﬁﬁénéupﬁﬁﬁeﬂér#Pnéﬁl§5¢eﬂér

vol t age neasypgEBNLpba Qﬁ@niﬁtfggmaﬁﬁﬁnbgk’hshE‘.HUTthE.Qda@tep m thul@ &hkCUi t
161 and are further. connected to_.the 20 rggél st ovver

source cont r SR8 PEuFEMPEZaLPES lncrea{sﬁeOﬁDE eF?gtl &y Eﬁr‘“fi f@fon
Parts in theperfiodi becafieFmgiteeshdd tei2é asegreat asombheectralty d€fscri bed

below&ﬂ_ temperature increase of said cell in said first period
and upon the information of said fifth step in that a

first decline is sensed in the rate of voltage increase.

[REPLACEMENT SHEET
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In the circuit constitution of Figure 24: 25 Jerr]

10 pF c2 0.1 pF Qerr] NPN
transi stor Qerr] 2N4403 transi stor

Qerr] 2N3055 transi stor 30 - 67 - Rl err] 576

ki | oohns Rl err] 772 kil oohns R3, R4
470 ohns Rl err] oohns R err]
2RO 25 watts 35 U[err]‘“‘E'S‘r‘JRAlﬁr“l NE555 In the
circuit constitution of Figure 25:

;eﬁ:y-DPDT A method Q%arE#P Eztus fér cﬂgr lnﬁ nickel~- cadmlﬁherr] ,

R4, R5, R6, RgttegiergowiRloa Rggrenggrgater than 2C rate. The cegl

ki | oohngs temperature orRBotRltheREdmp&EdtukRd8and voltage thereof

100 Kil oohns . X . .
are monitored, and the charging operation is halted upon
detection of a moment when the rate of temperature
increase of the cell became at least twice as great as
the rate of temperature increase that was measured just

10 before, or of a moment at which the above phenomenon took

place and a moment at which the rate of voltage increase
has declined immediately following a period during which

the rate of voltage increase has continually risen.

THIS SHEET HAS BEEN
REPLACGED

This Sheet Has Been Replaced

[l

|




R14 110 kil oohns R16 2.7 kiloohns 10

ui, U2, U3, W, U5, Us, U7, U8, W9 741 In the circuit
constitution of Figure 26: Cerr], 1.0 pF

Klerr] rel ay DPDT Rlerr], RR, R4, R5, R6, R7, RS,
R9, R10, R12, R13 15 10 kil oohns

R3, R11 100 kil oohrs 1 /01, W, W3, W, U5, Us, U7, U8

741 Fl omcharts of other ééb55|ng operations for

executing the nethod of rapidly charging nickel-cadm um 20 batteries
according to the present invention are briefly descri bed bel ow and
are al so shown in Figures 27 to 50. That is, in Figure 23, the
m crocontrol | er preprogranmed, in a nanner wel | known to those
skilled in FPB to performthe follomn { tliz (1) read 25
digitally encoded age signals representative of Cj attery vol tage
and battery tenperature from U2; (2) continuously nonitor consecutive
sanpl es of the input signals to detect a two-fold increase in the
rate of i %rease of battery tenperature; , a decline in the 30
battery's rate vol t pge increase i medi ately ['Tow ng a period
during which the battefy's rate of voltage i ncrepase has continually
risen; or, both; (3) t {3 off Jerr] in ordler To discontinue rapid
rate charging of the

INT&ERR®_ upon detgctios of eith F\,?r both of the
nditions; or, if the Wftery's IBifper at ure or

are exceeded; and,

35 af orement i oned
vol t age specifications

o

—. BATTERY L

BATTERY

Fig.3 Fig.4

R
INT?2
j%/ RINT\
%RINE

L

—  BATTERY ’
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- 45 - (4) display digital representations of the battery's

real -time vol tage and/ or tenperature. Fi gures 27 through 43 are
software flowcharts depicting in nore detail the sequence of
operations which 5 m crocontroller U3 is programmed to perform Figure
27 illustrates an initialization sequence in which various
wor ki ng regi sters are established fo Jater use by the sof t war e.
Figure 28 depicts a further initiali Qon sequence i n which data
tabl es, pointers, etc. are 10 est abl i shed. Fi gures 29(a) and
(b) conprise a display subroutine in which binary data is converted
into Ascii format for Ioading ? bugﬁ Figure 30 is the
subrouti ne which di spl ays the buf g; ntents on the liquid crystal
15 di spl ay out put devi ce. Figure 31 is a counter subroutine
enpl oyed to 10. calculate the total time required to charge a battery in
accordance with %é i nvention. Figures 32, 33 and 34 are subrouti nes
i n which averaggdayal ues obtained fromthe 20 analog to digital
convert &0LdSe e g1ned to determ ne whet her the charging cri ia of
the invention h been
8.0k {VOET1
7.5
7.0
6.5
6.0+
5.5f
5.0F
TEMP 2'8:
X1 '
(10) 351 TEMP1 _~
3‘0— / /.—’-
2.5 —— 7T —
20 1 1 1 | | 1 ! 1 ) 1 1 1 1 )
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
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Fi1g.6
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S.0F
voLrs 8.5F
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met . Figures 35 is a subroutine which initializes the

liquid crystal display by zeroing the val ues displayed 25 t her eon.
Figure 36 is a subroutine which continually updat es the display by
witing the contents of the af orenenti oned buffer to the display.
Figure 37 is a subroutine which perforns data averagi ng, scaling and
range adjustnent in order to 30 f@pmt the data properly for display

pur poses. Figure 38 is a Boutine which initializes the

m croprocessor's interrupts and timers. Figure 39 is a
subrouti ne which establishes the sanmple time wdth utilized by the
analog to digital 35 converter. . bgure 40 is a subroutine for
use with an optional (not shodag | qgar ray of light emtting

di odes whi ch - 46 - t oget her
forma sequentigl("bar graph" to indicate the | evel of charge

attai ned during t he battery charging process, thereby providing the
user with a visual i ndi cation of tqﬁzﬁﬁgﬁornance of the invention.
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5 Figure 41 is a subroutine which perforns the main battery
charging function in accordance with the i nventi on. Fi gure
42 is a subroutine which establishes maxi num and m ni num t enperat ure
and vol tage val ues. Figure 43 10 depicts a pair of subroutines which
respectively initialize the analog to digital converter; and, format
clock data for display purposes. 4 As will be apparent to those
skilled in the art in t he Iight/gb t he foregoi ng di scl osure, many
alterations 15 and nodifications are possible in the practice of this
invention w thout departing fromthe spirit or scope t her eof .
Accordingly, the scope of the invention is to be construed in
accordance with the substance defined by the foll ow ng clains.

- 47 - Table 1 Time (sec.) Measured
Rat e of Voltage (V) Rate of Vol tage (V) voltage

converted tenperature F i g 9

9
( j
P
A
2
¢ 7 (2
S -/
/w CPU
A \ 41
J 6
{
PROCESSOR
N
S H
51 ¥
5
REFLACERENT




I ncr ease
nmeasur ed
4.2847
33.3
5.8740
33.6
9.5142
33.6

9. 6899
33.6
9.7705
33.6
74.9999 .
33.9

9. 8511
33.6

(V) from

10. 0000

25. 0000

39. 9999

54. 9999
-0.001
9. 8145

84. 9999

99. 9999

33.3 109.9998
33.6 119.9998

9. 9097

e
<

@)
L

Fig.10

I ncrease (V)

33.
L2773
33.
. 3970
33.
. 6533
33.
. 7485
33.

69. 9999

. 8364
33.

8730

9. 8950
9. 9023

3

4

5. 0000
20. 0000
é%iépgg
49. 9999

64. 9999
9. 7998

33.

o2 9999

t enperature

4.2773
33.4

5. 9839

33.7

9. 5874

33.9

9.7192

33.7

9. 7852

79. 9999
33.6Y

0. 0000
15. 0000
30. 0000
44. 9999
59. 9999
14.6 nv
33.6
9. 82540
08 9. 8804
‘ 9. 8950
0 124.9998

, o7n-m&j




129. 9998 9.9170 33.6 134.9998 9. 9243

33.4  139.9998 9. 9243 33.1 144.9998 9. 9316
33.4 149.9998 9. 9390 33.4 154.9998 9. 9463
33.3 159.9998 9. 9536 33.3 164.9998 9. 9536
33.4 169.9998 9. 9609 33.3 174.9997 9. 9609
33.1 179.9997 9. 9683 7.4§ﬁv 33.3 -0. 0025
184. 9997 9. 9683 40 33.4 189. 9997 9. 9756
33.4 194.9997 9. 9829 33.1 199.9997 9. 9829
33.6 204.9997 9. 9902 33.6 209.9997 9. 9976
33.6 214.9997 9. 9976 33.4 219.9997 10. 0049
33.3 224.9997 10. 0049 33.3
- 48 -
Fig.12
61
FIRST MEMORY }p—~"
MEANS
\ o2
FIRST
PRO CESSING
MEANS
) 63
SECOND MEMORY | ~_/
MEANS
64 65
e
I | SECOND THIRD :
I |PRO CESSING PRO CESSING
{ MEANS MEANS i
S ——
¢ ¢ 66
FOURTH b~
PRO CESSING
MEANS

|
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Time (sec.)

Measur ed

Vol tage (V) voltage

increase (V) from

neasur ed
10. 0049
33.4 239.9997
244, 9996 10
32.5 529.9992
32.5 539.9992
32.2 549.9992
32.3 559.9992
32.3 569.9992
32.7 579.9992
32.5 589.9992
32.0 599.9991
32.2 609.9991
32.2
™
-
(@)
Li

Rat e of
convert ed
increase (V)

tenperature

Vol tage (V) Rate of

t enperature 229. 9997
33.1 234.9997 10. 0122
10. 0195 7.3ng 33.6 +0. 0025
. 0195 40 33.7 524.9992 10. 1587
10. 1514 32.5 534.9992 10. 1587
10. 1587 32.3 544.9992 10. 1587
10. 1587 32.3 554.9992 10. 1660
10. 1660 32.3 564.9992 10. 1660
10. 1733 32.5 574.9992 10. 1660
10. 1733 32.3 584.9992 10.1733
1Q. 1733 32.3 594.9991 -10. 1807
10.N807 32.3 604.9991 | —10.1807
10. 1807 32.2 614.9991 10. 1807
"
5
jo)
&
«
&
5 18
& Q
&
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£ o
a 1R
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619. 9991 10. 1880 7.3 nVv 32.3 -0.0025 624.9991

10. 1880 32.3 629.9991 10. 1880
31.9 634.9991 10. 1880 32.2 639.9991 10. 1880
32.0 644.9991 10. 1953 32.0 649.9991 10. 1953
32.0 654.9991 10. 1953 32.2 659.9991 10. 1953
- 32.2 664.9990 10. 2026 8 32.0 669.9990 10. 1953
32.0 674.9990 10. 2026 /420 32.0 679.9990 10. 2026
31.7 684.9990 10. 2026 32.0 689.9990 10. 2026
31.9 694.9990 10. 2100 31.9 699.9990 10. 2100
31.7 704.9990 10. 2100 31.7 709.9990 10. 2100
31.7 714.9990 10. 2100 31.7 719.9990 10. 2173
31.9 724.9990 10. 2173 31.9 729.9990 10. 2173
31.7 734.9989 10. 2173 31.6 739.9989 E% 10. 2173
31.6 744.9989 10. 2173 31.6 o
=
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- 49 - Time (sec.) Measured Rat e of Vol tage (V) Rate of

Vol tage (V) vol tage converted t enperat ure
i ncrease (V) from i ncrease (V)
measur ed tenperature 749. 9989
10. 2246 7.3 nVv 31.6 -0.05 754.9989 10. 2246
31.6 759.9989 10. 2246 9// 31.7 764.9989 10. 2246
31.4 769.9989 10. 2319 40 31.7 774.9989 10. 2246
31.6 779.9989 10. 2319 31.4 784.9989 10. 2319
31.6 789.9989 10. 2319 31.6 794.9989 10. 2393
31.6 1074.9985 10. 3052 31.1 1079.9985
10. 3052 31.1 1084.9984 10. 3052
31.3 1089.9984 10. 3052 31.4 1094.9984
10. 3125 . 31.0 1099.9984 10. 3125 o
31.3 1104.9984 0. 3125 31.1 1109.9984 O
10. 3125 31.3 ®
)
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1114. 9984 10. 3125 31.1 1119.9984 10. 3125

31.1 - 1124.9984 10. 3125 31.1 1129.9984
10. 3198 7.3 nV 31.1. 0 1134.9984 10. 3125
31.0 1139.9984 10. 3125 30.8 1144.9984
10. 3125 30.8 1149.9984 10. 3198
30.8 1154.9983 10. 3198 10 31.1 1159.9983
10. 3198 31.1 11§4&?983 10. 3198
31.4 1169. 9983 10. 3271 31.3 1174.9983
10. 3271 31.3 1179.9983 10. 3271
31.3 1184.9983 10. 3271 31.3 1189.9983
10. 3271 31.3 1194.9983 10. 3271 °
31.3 1199.9983 10. 3271 : 31.4 1204.9983
10. 3271 . 31.3 1209.9983 10. 3345
31.3 1214.9983 10. 3271 31.3 1219.99&3%%
10. 3345 1224. 9982 10. 3271 @
31.1 1229.9982 10. 45 31.1 1234.998»p
10. 3345 31.1 1239.9982 10. 3345
30.8 1244.9982 10. 45 31.1 1249.998p
10. 3345 1254. 9982 10. 3418 .
31.3 1259.9982 10. 31.3 ©
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1264. 9982 10. 3418
- 50.- Time (sec.)
Vol tage (V) voltage

i ncrease (V) from

31.3

Measur ed Rat e of

converted
i ncrease (V)

Vol tage (V) Rate of

t enperat ure

measur ed tenperature 1269.9982
10. 3418 31.1 1274,9982 10. 3418
31.0 1279.9982 10. 3418 40 31.0 1284.9982 10. 3491
31.1 1289.9982 10. 3418 31.0 1294.9981 10. 3491
7.3 nVv 31.0 -0.0083 1299. 9981 10. 3491
31.0 1304.9981 10. 3491 31.0 1309.9981 10. 3491
31.0 1314.9981 10. 3491 31.0 1319.9981 10. 3491
30.8 1324.9981 10. 3491 31.0 1329.9981 10. 3564
31.0 )
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. 9981 10. 3564 30.8 1339.9981 10. 3564
.1344. 9981 10. 3564 31.0 2174. 9969 10. 6494
2179. 9969 10. 6421 31.1 2184. 9969 10. 6494
2189. 9969 10. 6494 31.3 2194. 9969 10. 6494
2199. 9969 10. 6567 31.3 2204. 9968 10. 6494
2209. 9968 10. 6567 12 31.3 2214. 9968 10. 6567
2219. 9968 10. 6567 40 31.1 2224. 9968 10. 6567
2229. 9968 10. 6567 31.1 2234. 9968 10. 6641
nmv 31.3 +0. 016 2239. 9968 10. 6567
2244. 9968 10. 6641 . 31.4 2249. 9968 10. 6641
2254. 9968 10. 6641 31. 3 2259. 9968 10. 6714
2264. 9968 10. 6714 I 31.1 2269. 9968 10. 6714
2274.9967 10. 6714 *oen T 31.0 2279. 9967 10. 6714
2284. 9967 10. 6714 31.3 2289. 9967 1D 10. 6714
2294. 9967 - 31. 6 2299. 9967 ™~ 10.6714
2304. 9967 ...-- . {L0. 6787 31.6
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2309. 9967 10. 6787 31.4 2314. 9967 10. 6714

31.4 2319. 9967 10. 6787 31.6 2324.9967 10.
31.3 2329. 9967 10. 6787 31.6 2334.9967 10.
31.6 51 Time (sec.) Measured Rat e of Vol tage (V)
of Vol tage (V) voltage converted tenperature
increase (V) from increase (Vj3
measur ed Z, tenperature 2339.
10. 6787 31.7 2344.&566 10. 6787
31.9 2349. 9966 10. 6787 31.9 2354.9966  10.
31.9 2359. 9966 10. 6787 31.7 2364. 9966 10.
32.0 2369. 9966 10. 6860 TEMPERATURE (°8). 9
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2374. 9966
7.3 My
32.2 2389.
32.2  2399.
32.2 24009.
32.3 2419.
2424. 9965
32.7 2434,
32.7 2444,
32.5 2454,
0
32.7 2469.
0 .
32.7 2484.
2489. 9964
33.0 2499,
33.1
2514. 9964
33.3
O
N
O)
Li

10. 6787 31.9  2379.9966 10. 6860
32.0 +0.05  2384. 9966 10. 6860
9966 10. 6860 32.2  2394.9966 10. 6860
9966 10. 6860 32.3  2404.9966 10. 6860
9966 10. 6860 32.2  2414.9965 10. 6860
9965 10. 6787 -7.?ayv 32.5 +0. 07
10. 6787 4032.5  2429.9965 10. 6787
9965 10. 6787 32.7  2439.9965 10. 6860
9965 10. 6787 32.2  2449.9965 10. 6787
9965 10. 6860 2.5  2459. 9965 10. 6787
32.7 +0. 025TEMBERATHBES (°CY 10 6787
9965 10. 6787 32.8  2474.9965 10. 6787
32.8 +0.05  2479. 99 10,6787, &
9964 ?30.678?? 0 & o &' & +09,
10. 67871 T 336 1434.995%——§7;6762§7
9964 10. 6787 A s——*33. 0 850499964 — 10. 6787
+0.05  2509.9964 ! 106787« O OR331
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2524. 99
33.3.
33.1
33.1
33. 4
33.6

8. 6353
Measur e
vol t age
(V) fro
nmeasur e
8. 6279
33.6

64 10. 6787 33.3 2529. 9964 10. 6787
2534. 9964 10. 6787 33.3 2539. 9964 10. 6787
2544. 9964 8.9868 33.3 2549. 9964 8.7378
2554. 9963 8. 7085 33.4 2559. 9963 8. 6865
2564. 9963 8.6719 33.4 2569. 9963 8. 6572
2574. 9963 8. 6426 15 33.4 .2579.9963
4&% -52- Time (sec.)
d Rat e of Vol tage (V) te of Vol tage (V)
conyerted tenperature i ncrease
m increase (V) TEMPERATURE (°C)
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2594. 9963 8.6133 33.6  2599. 9963 8. 5986

33.4 - 53-
Table 2 Time (sec.) Measured Rat e of Vol tage (V) Rate of
Vol tage (V) voltage converted tenperature
i ncrease (V) from I ncrease (\%
nmeasur ed 1 tenperature 0. 0000
5. 0610 35.9 5/6d00 5. 4858
35.7 10. 0000 1411 . 2620 15. 0000 7.2437
36.0  20.0000 Eé.] 677 Fi g, & o(Q)z5.0000 8. 4009
35.9 - 30. 00 8. 4082 ‘3 mv 35.9 34. 9999
2.5%55 Fig. 22(a) Flg‘.j:zz‘j(b) 39. 9999 8.4229
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44. 9999 8. 4302 35.6  49.9999 8. 4375
35.0  54.9999 8. 4448 36.0  59.9999 8. 4521
7.3 mv 36.0 64. 9999 8. 4595
35.9  69.9999 8. 4668 35.9  74.9999 8. 4741
35.9  79.9999 8. 4814 7.3 mv 35.9  84.9999 8. 4814
35.7  89.9999 8. 4888 17 35.9  94.9999 8. 4961
36.0  99.9999 8. 5107 36.2 104.9998 8. 5107
36.3 109.9998 8. 5181 36.3 114.9998 8. 5254
36.2 119.9998 8. 5327 n@ 2 2 (9@9 0 124.9998
8. 5327 36.0 J 98 00 7.3 W
36. 0 134.9998 8. 5474 35.9 139.9998 8. 5474
36.0 14479998 85547 36.2 149.9998 8. 5620
36.3 154. 9998 0. 0904/ 3b. 5 15Y. 9998 B. 5547
36.2 164.9998 8. 5620 (8)36.0 169.9998 8. 5693
36.0 174.9997 8. 5767 36. 0 0 179.9997
8. 5767
36.0 189. 9997 8. 5840
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194. 9997 8.5913

36.0 204.9997 8. 5986

36.2 214.9997 8. 6060

35.6 - | 224.9997 8.6133
-54- Time (sec.) Measured Rat e of

Vol tage (V) vol tage
i ncrease (V) from

converted 18

i ncrease (V)40

36. 2

199. 9997

36.3 209.9997
36.0 219.9997

8.5913

8. 6060
8.6133
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8. 6206 0 —ORA 9997 S—R20R
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809. 9988
35.6. 819
35.2 829
7.3 v
35.4 844,
35.6 854.
35.6 864.
35.2 874.
35.4 884.
35.7 894.
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919. 9987
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9. 2505
9. 2578
9.2944
9. 3164
9. 3384

9. 2285

1004. 9986
Vol tage (V) Rate of

35.2 974.9986
35.6 1014.9985
35. 4

35.4 984. 9986
35.6 994.9986

35.4 964.9986
35.7

0
ﬁg?é)of

2

9. 2432

9. 2578

9.2725

9. 3091

9. 3237

9.3384
Measur ed

9. 2285

Time (sec.)

Vol tage (V) voltage
I ncrease (V) from

measur ed

35.4- 969. 9986
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1024. 9985 9. 3457 7.3 W 35. 4 +0. 016 1029. 9985
9. 3604 35. 4 1034.9985 9.3677
35.6 1039.9985 9. 3750 7.3 v 35.6 1044.9985 9. 3896
14.7 nV 35.7 1049.9985 9. 4043 14.7 nV 35.6
1054. 9985 9.4189 35.6 1059.9985 9. 4336
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1174. 9983 9. 6167 36.6 0 1179.9983
9.6167 0 36. 8 +0.2 1184. 9983 9.6167

37.1 +0. 3 1189. 9983 9. 6094 -7.3 nVv 37.2

+0..1 1194. 9983 9. 6021 -7.3 v 37.5 +0. 3 1199. 9983
9. 6094 +7.3 nV 37.8 +0. 3 1204. 9983 9. 6021

-7.3 nVv 37.8 1209. 9983 922921 37.8

1214. 9983 9. 6094 40 37.8 1219.9983 9. 0308

38.1 1224. 9982 8. 9575 38.5 1229. 9982 8. 9209
38.8 1234. 9982 8. 8916 38.9 1239. 9982 8. 8696
39.1 1244.9982 8.8477 38.6 1249. 9982 8. 8330
39.1 1254.9982 8.8184 38.9
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Time (sec.) Measured Rat e of
Vol tage (V) voltage converted t enperat ure
i ncrease (V) from i ncrease (V)

Voltage (V) Rate of

measur ed tenperature 0. 0000
6. 8188 ' 34.5 5. 0000 7.9102
34.6 10. 0000 8. 3496 22// 34.5 15. 0000
8. 4009 34.6 @®0o00 8.4375
34.5 25. 0000 8. 4668 34.6 30. 0000
8.4961 34.6 34.9999 8. 5107
34. 3 39. 9999 8. 5400 34.5 44,9999
8. 5547 34. 1 9. 8.5767
34.3  54.9999 65000 1 Q 28 34.6  59.9999
8.5986 . 14.6 nv 34.6 0 64. 9999 8. 6206
34.6 69. 9999 8. 6353 34.8 74.9999
8.6572 34. 8.6719
34.8 84. 9999 8.6792 34.8 89. 9999
8. 6865 34. 8. 6938
34.6 99. 9999 8. 7085 34.6 104.9998
8.7158 34. 8.7231
34.6 114.9998 8. 7305 34. 3 -0. 025
GET DIP SWIRCH INPUT
INVERT AND MASK UNUSED
INPUT BITS USE REMAINING
BITS TO INDEX INTO TABLE
MOVE TABLE DATA TO
LOW BATTERY VOLTAGE
REGISTERS
MOVE TABLE DATA TO HIGH REPLACEMERT SHEFT
BATTERY VOLTAGE Ty
REGISTERS MOVE DELTA .
VALUE TO REGISTER 0 70CT w5 f}
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X
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119. 9998 8.7378 34.6 124.9998 8.7378

34.5 129.9998 8. 7524 34.6 134.9998 8. 7671
34.5 139.9998 8. 7817 34.5 144.9998 8. 7891
34.6 149.9998 8. 7891 34.5 154.9998 8. 7964
34.2 159.9998 8. 8037 34.5 164.9998 8.8110
34.2 169.9998 8.8110 Qﬁy/ 34.2 174.9997 8. 8184
34.5 179.9997 8. 8330 40 34.2 184.9997 8. 8477
34.6 189.9997 8. 8550 34.6 194.9997 8. 8623
34.0 199.9997 8. 8696 34.6 204.9997 8. 8696
34.5 209. 9997 8.8770 7.4 nv 34.8 +0. 025
214. 9997 8.8770 =346 21979997 88843
34.8 224.9997 8.18916 34.8
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Time (sec.) Measured Rat e of Vol tage (V) Rate of
Vol tage (V) voltage converted t enperat ure
i ncrease (V) from i ncrease (V)
measur ed tenperature 229. 9997
8. 8989 34.8 234.9997 8.9063
34.9 239.9997 8 9063 34. 8 244.9996 8.
9063 34.6 524. 9992&3 9. 3018
35.4 529.9992 9. 3091 35.6 534.9992 9 .3164
35.6 539.9992 9. 3237 35.6 544.9992 9. 3311
35.4 549.9992 9. 3384 35.4 554.9992 9. 3530
35.4 559.9992 9. 3604 nv 35.4 +0. 05
564. 9992 9. 3750 35.4 569.9992 9. 3896
35.4 574.9992 9.4116 35.6 579.9992 9. 4336
35.6 584.9992 9. 4482 35.9 589.9992 9
4556 35. 6] 594. 99¢ 9.4702
35.7 599.9991 9.4849 . 35.7 604.9991 9. 4922
7.3 v 35. 6 +D. 02 9. 5142 22 v
35.6 0 <
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614. 9991 9. 5361 35.7 619.9991 9. 5654

35.7 624.9991 9. 5874 22 v 36.0 +0.1 629.9991
9. 6094 36.0 634.9991 9. 6313 21.9 nVv

36.0 0 639.9991 9. 6460 35.9 0
644. 9991 9.6680 22 nV 35.9 0 649.9991

9. 6826 35.6 65269991 9. 7046 22 v

35.4 659.9991 9. 7339 40 35.1 664.9990 9. 7632
29.3 nv 35.6 669.9990 9. 7998 35.6

674. 9990 9. 8364 36.6 nmVv 35.7 0 679.9990 9.
8730 36.0 684.9990 9.9023 29.3 nV 36.0
0 689.9990 9.9463 36.3 ©6 9990 9. 9609

36.2 699.9990 9. 9756 ﬁél g} () 36.3 704.9990 9. 9976
36.5 709.9990 10. 0122 36.3 714.9990 10. 0415
29.3 nVv 36. 3 +0. 05 719. 9990 10. 0562

36.6 + 724.9990 10. 0708 36.5 729.9990
10. 0854 36.9 10. 1147 29.3 nv

37.2 +0. 225 739. 9989 37.4
744.9989 10. 1440 21.9 nVv 7
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- 58 - Time (sec.) Measured Rat e of Vol tage (V) Rate of

Vol tage (V) vol tage converted t enperat ure

i ncrease (V) from i ncrease (V)

measur ed tenperature 749. 9989
10. 1221 -22 nv 37.8 754.9989 10. 1221

37.7 759.9989 10. 1221 23>/ 38.0 764.9989 10. 1221
38.0 769.9989 10. 1001 40 38.1 774.9989 9.8071
38.3 779.9989 8.9063 38.5 784.9989 8. 8477
38.6 789.9989 8. 8037 38.8 794.9989 8.7744
38.6

Fig. 31
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CLAI M5 1. An apparatus for rapidly charging nickel-

cadm um batteries conpri sing: a current feeding neans
which feeds a 5 charging current to a cell that needs be charged;

a tenperature neasuring neans which measures the tenperature of said
cell; a sanpling nmeans whi ch neasures the

tenperature of said cell and stores g data thereof or 10 out puts the
data thereof to an arithnetic neans; /4{ an arithnetic
means whi ch cal cul ates the tenperature data of said cell obtained by
said sanpling means and outputs a control signal that represents a
period for discontinuing the charging operation; 15 a
swi t chi ng neans whi ch di scontinues the supply of current to the cel
fromthe current feeding means in response to an output fromsaid
arithnetic means; and a control neans for
controlling each of 20 said ne wherein said current
feeding neans in said charg gfégbaagt feeds a current of at |east
2Cto said cell during said charding operation; and

said arithnetic nmeans has a first 25 ari-thmetic function that cal cul ates
the rate of t eng ture increase of said cell fromthe tenperature

INTEGRATIN
TIMER UP

GET PRESENT TEMP.
& VOLTAGE & ADD
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REG.

SETUP
TIMER UP

MOVE BOTH TEMP.
& VOLTAGE TO
PREVIOUS
REGISTERS

TEST REPLACEMENT SH
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data of said cell obtained by said sanpling nmeans through t he

t enperature neasuring neans, a second arithnetic function which
calcul ates a rate of change by conparing 30 the rate of tenperature
increase of .said cell in a first period with the rate of tenperature
i ncrease of said cell in a second period, and a third function which
conpar es the rate of tenperatuP@ 4 ncrease of said cell in said

second period with the rate of tenperd?Qye increase of 35 said cell in
said first period in order to judge whet her the rate of tenperature
increase of said cell in said second period is nore than two tinmes as
great as the rate - 60 of
tenperature increase of said cell 53 Fi;f EB;B period, and outputs a
signal for discontinuing the suppl charglng current to said
cell based on the result of sai d judgenent. 2. An
apparatus for rapidly charging nickel - cadn1un1batter|es according to
claim1l1, which further conpri ses: ( a voltage
measuri ng means for neasur# t he out put voltage of said cell

TEMP.
INCREASING

TEMP. TEST
TURNED ON

POINT INDEX

AT TEMP.
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BEYOND
MAXIMUM

GET AVERAGED
TEMP. VALUE

PASS BAD
SAMPLE STATUS

SUBTRACT FROM UPDATE
GOTO PREVIQUS | TEMP. REG.
READING

VOLTAGE
TEST




10 a sanpling neans whi ch neasures the vol t age of
said cell and stores the data thereof or outputs the data thereof to
an arithnetic neans; and ( an arithnetic neans which
cal cul ates the vol tage data of said cell obtained by said sanpling 15
means; wherein said arithnmetic neans has a fourth
arithmetic function that calculates g rate of voltage i ncrease of
said cell fromthe voltage data of sa el | obt ai ned by said
sanpl i ng means through the voltage 20 measuring nmeans, and a fifth
function which detects a first decline in said rate of voltage

i ncrease follow ng a period during which the rate of voltage increase
has continually risen, and said arithnetic neans further

outputs a signal for digcontinuing the supply|of charging 25 current to
said cel|l based upon thg information of said third function in that
the rate of tenperaturelincrease of saif cell in said second period

becanme nore than tw cez as great as the fate of tenperature increase
of said cell in sA\d first per™d and upon the jinformation of said 30
fifth function in that/aXirst decl/ne\is detected if§ tHe rate of
vol t age i ncrease. @u..ratus for rapidlly charging nickel-
cadm um batteries ac orrzdtu-;n to cI Al ma; 2, Wherei rg—«nsai d . ent
feeding neans is f & 4pr ! { wik b a gk rent 387 r means
whi ch changes th¢ T3 urrent | @ H
apparatus for rapidl 0
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< v
\{f I
BE
o S RTR
SRR
< B H
. 0130
A& O R [
@) 55 a
Z
o ] =
QD O
Sl > m .
Qe B g O M
< Z 0o < >
B Z & [ o, B -
i) HE N [ @ ODO
O & K H > <O Z
> B O W < < oo
E Z 5> Ed B> 0
0 H £+ 13 M i <
51 O& O B O D o
£ & < B (TR n A

CLEAR AVERAGING

RESET SAMPLE
TIMER CLEAR
AVERAGING REG.
COUNTER PASS
GOOD STATUS




cadm um batteries according to any one of clains 1 to 3, wher ei n any

one of the surface tenperature (skin tenperature) of the cell, the
internal tenperature or the tenperature at the cell termnal, is
measured using a 5 sui tabl e tenperature senior. .5.  An
apparatus for rapidly charging ni ckel cadm um batteries according to
claim2, wherein the chargi ng Xuyrent cutoff signal is produced based
on the fifth function of the ar 4Lonetic means when a decline in 10
the rate of voltage increase of the ceII is continually det ected at

| east a plurality of finges after the first decline in the rate of

vol tage increage of the fell is det ect ed. 6. An apparatus
for rapidly charging nic gxadm um batteries according to claim1,
wherein said .sarith i i

storing. tenperat & & data

predet er m ne ‘ir@gi t er

measures thel ténperature ich
cal cul ates an qvél add va cell tenperature in a

predet erm neld geld BRof fine fro at | east two pieces of tenperature

data nmintaijni ng a
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predetermned tine interval stored in said first nenory nmeans, a
second nenory neans for storing the average 25 val ue of the cell
tenperature cal cul ated by the first arithnetic nmeans, a second
arithmetic nmeans which calculates the rate of tenperature increase of
t he cell in a first period during the charging operation fromthe
data stored in said second nenory neaBg 4 n order to 30 cal cul ate the
rate of change related to the increase/gp decrease of the cell
tenperature in a nei ghboring predeterm ned period of tinme based on
the data of average value of the cell tenperature stored in the
second nenory means, a third arithmetic nmeans which cal cul ates the
rate 35 of tenperature increase oklthe cell im.a second period
follow ng said first period, and a flourT rithrjetg € means whi ch
judges whether the rate of tenperaturg . B i ncrease of the cell
in the second period obtained by E@aid thir E? ithimetic nmeans is at

| east twi ce as great as the rate af tgenper
in the f(3t period obtai ped byHsai d kec
7. An @pparatus for rapidly charginfi @i ckpl -
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cadm um batteries according to claim?2, wherein said

conprises a third nenory neans for
sanpl ed mai ntaining a
measuri ng means 10
arithnetic
voltage in a predeterm ned period of38i
data nmaintaining a predetermned tine

| east
i nterval

stored

arithnetic neans

by a vol tage

afifth

storing voltage data of the cel

predeterm ned tine interva
t hat nmeasures the voltage of the cel
means whi ch cal cul ates an average val ue of the cel
from at

menory neans, a fourth 15 menory neans for storing the
t he cell vol t age—eadewbpted by the fifth arithnetic
arithmetic means whi gh ¢al cul ates) the rate ¢f voltage
cell in a first periqd ¢urigpg|the » changi ng operation |f
stored in said third|20%9 Hepory| neghs in qrder to cal cul
change rel ated |t@ thexi hcreps n decr e cell 0
( ) ; &= gﬁom (
i n a nei ghboring pLeeéﬁé%Enﬂeé—aerl pf tirn the data of
aver age val ue of tpe [cgld Fwgl {age| st Ed in fourth menory neans,
a seventh arithmet|c |nBahs 25 W eh3cal cy e,rate of voltage
increase of the ce|ll |8 _manla s mduperlcd follow ng said first period,
and an ei ghtp qr%ﬁﬁﬁﬁﬁip meg ich detects a first decline in
the rate of voltage ilnfdreds? {ol |l bwing a pediod during which the rate
of voltage increasg_of the cell has 30 continually risen. 9.
In recharging a secondary cell by applying a charginﬁzﬁgfﬁgﬂg:{o he
cell while nonitoring lthe t gnperfat urle &heeeof hod ofm§§p dly
char gi ng ni ckel - Eadmi um HaEtgriles § B&he ppl ijcationaé $aid 35
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the doubling of the rate of tenperature increase thereof. 10.

In recharging a secondary cell by applying a char gi ng
current to the cell while nonitoring the output vol tage thereof, a
met hod of rapidly chargi ng nickel - cadm um batteries wherein the
application of the charging current is discontinued upon sinultaneous
detection of at 5 | east a doubling the rate of tenperature increase

t hereof and a decline in the rate of x¥@{age increase of the battery
i mredi ately following a period during which the rate of voltage

i ncrease has continually risen. 11. An apparatus for recharging
a secondary cell, 10 sai d apparatus having a power.supply neans for
applying a charging current to a nickel-cadm um battery and a
tenperature sensing neans (RT[err], U2) for sensing the tenperature
of said cell and for producing a tenperature out put si gnal
representative thereof, said apparatus 15 characterized
(a) a signal processing neans (LB) for nonitoring sai
and for producing a cutoff ghal—L j of 2
doubling of the rate
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of increase of said tenperature; and, 20 (b) a switch neans

(@) responsive to said cutoff signal for disconnecting said cel
fromsaid power supply neans. 12. An apparatus for
rechargi ng a secondary cell (BT[err]), said apparatus having a power
supply means 25 for applying a charging current to a nickel-cadm um
battery, a tenperature sensing neans3gRA[err], U2) for sensing the
tenperature of said cell and produci ng/® t enperature out put signa
representative thereof, and a vol tage sensing nmeans (U2) for sensing
t he vol tage out put 30 by said cell and producing a voltage output signal
representative thereof, said apparatus characteri zed by:
(a) a signal processing neans (U3 nonitoring sai d out put signals
and for producing a cutoff ég detection of: 35
(i) at least a doubling of the rate i ncrease of said tenperature;
or, (i a decline in said battery's rate
of vol tage i ngfe289q i nredi ately f Ilomnng a period during
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whi ch said rate of voltage increase has continually

(b) a switch neans (Qerr])

di sconnecting said cell fromsaid power

An apparatus according to claim1, wherein said

means conprises a therm stor voltagezgo
in parallel across said cel

claiml1l, wherein said

t herm stor voltage
said cell.

di vider (RT[err],

responsive to said
supply neans.

risen; and 5

cutoff signal for

tenp

13.
erature sensing

divider (RT[err], R2) connected
14. An apparat us accordlng to

tenperature4@en5|ng nmeans conprises a
R2) connected in parallel across

15. An apparat us for rapi dly charging nickel- 15

cadm um batteries according to clains 1 to 7, wherein

made of a suitable display nea for é%ﬂ;l

the data of at | east
vol tage of the

(conpri sing:

charging current to a cel
t enperat ure measuring nmeans

cell;

tenperature of the cel

elt

provision is

nforning t he external side of
ature of the cell or the

cel | durlng the charglng operation of the cell. 20
16. A nethod of rapidly charging nickel -
a current feeding nmeans which feeds a

data thereof to an arithnetic |peans;
Qﬂ tenperature data of the cell obtained by
signal representative of a

nmeans whi ch cal cul at
sai d sanpling
time for discontinui

cadm um

akontro

D s
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a switching neans responsive to the out put of said arithnetic neans

and di scontinues the supply of 35 current fromsaid current feeding
means to said cell; and a control neans for
controlling all of the above sai d neans;
wherein said current feeding neans in said chargi ng apparatus feeds a
current of at |least 2C to said ¢l ) during the charging operation;
and 5 said arithnetic mean has./4( a first
step of calculating the rate of tenperature increase of the cell from
the tenperature data of the cell obtained by said sanpling neans via
t he t enper at ure neasuring neans; 10 a second
step for calculating the ‘rate of change by conparing the rate of
t enperature increase of the «cell in a first period with the rate of
tenperature incredsegor—Hhe cell An a fol Fow econd period; and
15 - a third\step which conpares tiie Xate
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of tenperature increase of the cell in the second period with the
rate of tenperature increase of the cell in the first period, judges
increase of the cell in the second

whet her the rate of tenperature
period is greater than 20 two fold of the rate of tenperature increase

of the cell inthe first period, and outputs a signal for.
di scontinuing the supply of charging S8 fent to the cell based on the
j udged result. 17. An appardiQus for rapidly charging nickel- 25

cadm um batteries according to claim1, which further conpri ses:
a vol tage neasuring nmeans for neasuring t he out put voltage of said
cel |; a sanpling neans which neasures the 30 vol t age

outputs the data
arithmetic neans
obt ai ned by said

of said cell and stores the data thereof or
thereof to an arithnetic neans;
whi ch cal cul ates the

sanpl i ng neans;| 35 rtfAet i ¢ nmeans
has a fourth affi t hmetji at e of | vol t age
i ncrease of said celll §rom a
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obt ai ned by said sanpling neans via the voltage neasuring means, and

a fifth step which senses a first decline in said rate of voltage

i ncrease followi ng a period during which the rate of voltage has
continually risen, and said 5 arithmetic neans further outputs a signal
for di sconnecting the supply of charging current to said cel

based upon the information of said thB®d step in that the rate of
tenperature increase of said cell in 4@ second peri od becane nore
than twice as great as the rate of 10 tenperature increase of said cel

in said first period and upan the jnfopmation of said fifth step in
that a first decline is seﬁsoqg nA G@e of vol tage increase.
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-67-
METHOD OF HIGH-SPEED CHARGING OF SECONDARY
BATTERIES AND APPARATUS THEREFOR

ABSTRACT OF THE DISCLOSURE
A method and apparatus for charging nickel-cadmium batteries with current greater
than 2C rate. The cell temperature or both the temperature and voltage thereof monitored,
and the charging operation is halted upon detection of a moment when the rate of
temperature increase of the cell became at least twice as great as the rate of temperature
increase that was measured just before, or of a moment at which the above phenomenon
took place and a moment at which the rate of voltage increase has declined immediately

following a period during which the rate of voltage has continually risen.

FIGURE 9.
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-67-

APPARATUS AND METHOD OF RAPIDLY CHARGING NICKEL-CADMIUM
BATTERY '

B E D
A method and apparatus for charging nickel-cadmium batteries with current greater
than 2C rate. The cell temperature or both the temperature and voltage thereof monitored,
and the charging operation is halted upon detection of a moment when the rate of
~ temperature increase of the cell became at least twice as great as the rate of temperature
increase that was measured just before, or of a moment at which the above phenomenon
took place and a moment at which the rate of voltage increase has declined immediately

following a period during which the rate of voltage has continually risen.

FIGURE 9.
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