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ABSTRACT: A battery is charged rapidly by alternately ap 
plying a charging current to the battery and selectively 
discharging the battery. During this rapid charging operation, 
the magnitude of charge on the battery is determined by moni 
toring terminal characteristics of the battery. When the moni 

: torcd terminal characteristic of the battery reaches a predeter 
mined value, the rapid charging operation is either manually 
or automatically terminated. Such terminal characteristics as 

24/722A. 
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average discharge current, energy release during a discharge 
interval, terminal voltage of the battery an increment of time 
after the start of the discharge interval, and the frequency of 
the discharge interval are monitored. 
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TERMINATION OF RAPID CHARGING OF BATTERIES 

CROSS-REFERENCESTO RELATED APPLICATIONS 

This application is a continuation-in-part of our application 
Ser. No. 612,995, filed Jan. 31, 1967, and now U.S. Pat. No. 
3,517,293, entitled Rapid Charging of Batteries and assigned 
to the assignee of the present application, and is related to the 
concurrently filed Oct. 20, 1969 application, Ser. No. 867,838 
which is also a continuation-in-part of our application Ser. No. 
612,995 and is assigned to the assignee of the present applica 
tion. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to the rapid charging of batteries and, 
more particularly, to a method for determining the time at 
which the rapid charging operation is to be terminated and to 
circuitry for automatically effecting the termination. 

In the above-referenced application, Ser. No. 612,995, a 
method and apparatus for the rapid charging of batteries is 
disclosed and claimed. The battery is progressively charged by 
applying a charging current during at least a portion of a 
charging interval and selectively discharging the battery dur 
ing at least a portion of a discharging interval interspersed 
with the charging intervais. By discharging the battery to 
depolarize it, it is possible to apply a much larger current to 
the battery during charging even as the full charge condition is 
approached. As a result, the time required to fully charge a 
battery can be dramatically shortened. A battery parameter, 
such as temperature, pressure or voltage, is sensed during 
each charging interval and the battery is discharged to 
depolarize it when the sensed parameter reaches a selected 
value. This rapid charging technique is especially useful for 
charging sealed batteries because the gasses that evolve during 
charging are trapped within the cell. The rate of evolution of 
these gasses is in general proportional to the charging rate. 
Thus, in the absence of depolarization, the charging current is 
limited by the gas pressure and heat that the battery casing is 
capable of withstanding. Repeated depolarization of the bat 
tery between charging intervals appears to prevent the evolu 
tion of gasses. 

SUMMARY OF THE INVENTION 

This invention is concerned with the termination of the 
rapid charging operation. It has been discovered that the ter 
minal characteristics of the battery being charged reflect the 
magnitude of charge in the battery, i.e., the extent to which 
the battery is fully charged. Accordingly, one or more of these 
terminal characteristics of the battery is monitored as the bat 
tery is rapid charged. In one aspect of the invention, the rapid 
charging operation is manually terminated when the moni 
tored terminal characteristic assumes a predetermined value. 
In an alternative aspect of the invention, the rapid charging 
operation is automatically terminated by electrical circuitry 
that is responsive to the monitored terminal characteristic. 

Exemplary of the terminal characteristics of the battery that 
reflect the magnitude of charge are the average discharge cur 
rent per unit time, the energy released during a discharge in 
terval as compared to the energy introduced into the battery 
during the adjacent charging interval, the terminal voltage of 
the battery an increment of time after discharge current 
begins to flow in the discharge interval, and the frequency of 
the discharge intervals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention may be understood more clearly and fully upon con 
sideration of the following specification and drawings, in 
which: 

FIG. 1 is a block diagram broadly depicting an arrangement 
for manually or automatically terminating the rapid charging 
operation of a battery; 
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2 
FIG. 2 is a schematic diagram partially in block form of an 

arrangement for automatically terminating the rapid charging 
operation of a battery responsive to the average current dur 
ing discharge; 

FIG. 3 is a schematic diagram partially in block form of an 
arrangement for automatically terminating the rapid charging 
operation of a battery responsive to the terminal voltage of the 
battery during discharge; 

FIG. 4 is a graph depicting the terminal voltage of a battery 
during discharge for different states of charge of the battery; 

FIGS. 5 and 6 are schematic diagrams, partially in block 
form, of alternative arrangements to the automatic terminat 
ing circuitry of FIG. 3; 

FIG. 7 is a schematic diagram of a specific application of the 
automatic terminating circuitry of FIG. 6; 

F.G. 8 is a schematic diagram partially in block form of an 
automatic arrangement for terminating the rapid charging of a 
battery responsive to the energy released during a discharge 
interval; and 

FIG. 9 is a schematic diagram partially in block form of an 
arrangement for automatically terminating the rapid charging 
of a battery responsive to the frequency of the discharge inter 
val. 

DESCRIPTION OF SPECIFICEMBODIMENTS 

In FIG. 1, circuitry for charging a battery 1 is shown. A 
charging source 2 is connected to battery 1 through control 
circuitry 3 by a source switch 4. Charging source 2 could be 
direct current or alternating current which is appropriately 
rectified by control circuitry 3. Source switch 4 could be 
either an electrical or a manual switch. As disclosed in the 
above-referenced applications, Ser. No. 612,995 and Ser. No. 
867,838, concurrently filed herewith, control circuitry 3 re 
pcatedly carried out the following steps with regard to battery 
: supplies a charging current from source 2 to battery 1; 

monitors the terminal voltage, temperature or pressure of bat 
tery 1 while it is charging; and applies a discharge path when 
the monitored parameter assumes a selected value. The circuit 
arrangement disclosed in F.G. 7 of application Ser. No. 
612,995 could serve as control circuitry 3 if source 2 is a con 
tinuous direct-current source. If source 2 is alternating cur 
rent, the circuit arrangement disclosed in the concurrently 
filed application Ser. No. 867,838 entitled RAPID CHARG 
ING OF BATTERIES could serve as control circuitry 3. A 
battery terminal characteristic sensor 5 can be connected by a 
switch 6 either in series or in parallel with battery 1. When 
contacts 7 and 8 of switch 6 are closed, as illustrated in FIG. 1, 
sensor 5 is connected in parallel with battery 1, and, therefore, 
monitors the terminal voltage of battery 1. When alternative 
contacts 9 and 10 of switch 6 are closed, sensor 5 is connected 
in series with battery 1 and monitors the terminal current of 
battery 1. Basically, switch 6 is utilized in FIG. 1 to depictsen 
sor 5 in broad terms. In any one particular embodiment of the 
invention, sensor 5 would ordinarily only monitor a single ter 
minal characteristic of battery 1. The terminal characteristics 
of battery 1 vary and, therefore, reflect the magnitude of 
charge on battery 1 as the rapid charging operation proceeds. 
A feedback link 1 from sensor 5 to source switch 4 and an in 
dicator 12 is represented schematically in FIG. 1. If source 
switch 4 is manual switch, feedback link 1 includes a human 
being who reads the value of the monitored terminal charac 
teristic from indicator 12 and manually opens switch 4 when 
the monitored termination characteristic assumes a predeter 
mined value indicating that battery 1 has reached the desired 
charge state. On the other hand, if switch 4 is an electric 
switch, sensor 5 generates an actuating signal that is electri 
cally coupled by feedback link 1 to source 4 to open it. Thus, 
according to the invention, a terminal characteristic of battery 
1 is monitored by sensor 5 and the rapid charging operation is 
terminated by opening source switch 4 or by some other 
means, such as switching a high impedance in the charge cur 
rent path to reduce the charge current to a trickle charge 
level, after the monitored terminal characteristic assumes a 
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predetermined value which indicates that battery 1 is fully 
charged or at least has some desired magnitude of charge. 

In FIG. 2, an arrangement is shown that monitors a particu 
lar terminal characteristic of battery 1, namely, the average 
current per unit time. A circuit breaker 20 is connected 
between charging source 2 and circuitry 3. When the average 
currcnt through a winding 21 exceeds a predetermined value, 
circuit breaker 20 opens, thereby tcrminating the rapidcharg 
ing opcration. In this embodiment of the invention, contact 9 
is closed and battery 1 is connected in series with winding 21 
and a normally open contact A which constitutes the average 
discharge current sensor. An alternative circuit path is also 
provided between control circuit 3 and battery 1 through nor 
mally closed contact A. Contacts A and A are controlled by 
a relay winding that forms a part of control circuitry 3. If the 
circuit arrangement disclosed in FIG. 7 of application Ser. No 
612,995 is employed, winding W would control contacts A 
and A. The relay winding that controls contacts A and A is 
energized during each discharge interval and is deemergized 
during each charging interval. Thus, during each charging in 
terval, battery 1 is directly connected through contact A to 
control circuitry 3, and during each discharge interval, battery 
1 is connected to the average discharge current sensor 
through contact A and winding 21. As previously stated, the 
charging intervals last until the terminal voltage, temperature, 
or pressure of battery 1 reaches a selected value. As a mag 
nitude of charge on the battery increases in the course of the 
rapid charging operation, the discharge pulses occur more 
frequently. Thus, the current flowing through winding 21 per 
unit time increases and reaches a predetermined value cor 
responding to a selected charge condition of battery 1 and cir 
cuit breaker 20 opens and the rapid charging operation ter 
minates. 

In FIG. 3; a circuit arrangement is shown for automatically 
terminating the rapid charging operation, when the terminal 
voltage of battery 1, a certain increment of time after the start 
of the discharge current in the discharge interval, assumes a 
predetermined value. FIG. 4 is a graph that represents thc ter 
minal voltage of battcry 1 as a function of time upon the appli 
cation of a discharge path and, thus, during discharge of the 
battcry during the charging process. In this graph, thc start of 
thc discharge pulse occurs at time T. If the charging circuits 
of FIG. 7 or FIG. 10 of our concurrently filed application Ser. 
No. 867,838 arc employed as the charging source 2 and con 
trol circuitry 3 in FIG. 3, the terminal voltage at time of 
discharge begins from substantially the same value at time T 
and decays at a ratic that depends upon the condition of charge 
on battery 1. Specifically, the rate of decay decreases as the 
magnitude of charge on battery 1 increases. Thus, the value of 
the terminal voltage of battery 1 after discharge for an incre 
ment of time T, increases with the magnitude of charge. 
As represented in FIG. 3, battery 1 is connected to control 

circuitry 3 through contact 7 and a normally open contact A. 
and a relay winding W in series are connected to control cir 
cuitry 3 through contact 8. Contact A is controlled by the 
same relay in control circuitry 3 as contact A in the arrange 
ment of FIG. 2. A Zener diode 30 and a current limiting re 
sistor 31 in series are connected across battery 1 through a 
normally open contact B. Winding 21, silicon-controlled recti 
fier 23, and current limiting resistor 24 are also connected 
across battery 1 by contact 7. 

Relay W is of the delay operation type. In other words, the 
closure of contact B is delayed by the time increment T-T 
after the closure of contact A. The junction of Zener diode 30 
and resistor 31 are connected to the control terminal of con 
trolled rectifier 23. As battery 1 is charging, controlled rectifi 
er 23 is nonconductive. Each time that contact A closes dur 
ing a discharge interval, contact B closes a short increment of 
time thereafter (at time T, in FIG. 4) to impress the terminal 
voltage of battery 1 across Zener diode 30 and resistor 31 in 
series. When battery 1 becomes fully charged or attains the 
selected charge state, its terminal voltage impressed across 
Zener diode 30 and resistor 31 when contact B closes, exceeds 
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4 
the Zener voltage of diode 30, thereby causing current to flow 
through resistor 31. As current flows through resistor 31, a 
positive voltage is impressed on the control terminal of con 
trolled rectifier 23, thereby firing it. As a result, sufficient cur 
rent flows from battery 1 through winding 21 to open the con 
tact of circuit breaker 20 to terminate the rapid charging 
operation. Also, upon the opening of breaker 20, rclay contact 
A opens thereby preventing unnecessary discharge of 
charged battery 1. 

FIG. 5 discloses a modification of the arrangement of FIG. 
3, in which a onc-shot or monostable multivibrator 32 is sub 
stituted for delayed-operate relay W. Resistors 33 and 34 and 
contact A are connected across battery 1. The trigger input of 
multivibrator 32 is coupled at the junction of resistors 33 and 
34 and the output of multivibrator 32 is coupled to the junc 
tion of Zener diode 30 and resistor 31. The junction of wind 
ing 21 and Zener diode 30 is connected to the junction of 
Contact A and resistor 33. When contact A closes at the 
beginning of each discharge interval, current from battery 1 
flows through resistors 33 and 34, thereby triggering mul 
tivibrator 31 into its semistable state for the time increment 
TT. When multivibrator 32 is in its semistable state, its 
output terminal is at a negative potential. Therefore, con 
trolled rectifier 23 is not able to fire regardless of the terminal 
voltage of battery 1. After the time increment, multivi 
brator 32 returns to its stable state in which the potential at 
its output terminal is positive. If the terminal voltage of bat 
tery 1 is sufficiently high at this point in time (i.e., T in 
FIG. 4), controlled rectifier 23 fires and the contact of cir 
cuit breaker 20 opens to terminate the rapid charging 
operation. w 

FIG. 6 discloses an alternative modification of the arrange 
ment of FIG. 3, in which a delay circuit 39 is substituted for 
delayed operate relay W. Delay circuit 39 is coupled across 
load resistor 40, which is placed in circuit across battery 1 as 
the discharge path upon the closing of relay contact A, which 
is in series across battery 1 with resistor 40. Delay circuit 39 
includes a resistor 41 in scries with the parallel combination of 
a capacitor 42 and a resistor 43. The voltage level sensing cir 
cuit of Zener diode 30 and resistor 31 is connected across 
capacitor 42. 
When contact A closes at the beginning of each discharge 

interval, current from battery 1 flows through resistor 41 and 
begins to charge capacitor 42. At the end of each discharge 
pulse, and the opening of contact A2, capacitor 42 discharges 
through resistor 43 in parallel with the series combination of 
resistors 41 and 40. As the charge on the battery increases, 
and the terminal voltage during discharge increases, the 
capacitor 42 attempts to charge to this higher voltage. 
The voltage across capacitor 42 is impressed across Zener 

diode 30 and resistor 31. When the capacitor voltage exceeds 
the Zener voltage of diode 30, current will flow through re 
sistor 31 and the gate-cathode junction of controlled rectifier 
23 to trigger it on. As a result sufficient current flows from 
battery 1 through winding 21 to open the contact of circuit 
breaker 20 to terminate the rapid charging operation. Alterna 
tively, if the response time of the voltage sensing circuit or ele 
ments such as Zener diode 30, is sufficiently slow, the delay 
networks may be eliminated. 

It is sometimes desirable to apply a trickle charge at the end 
of the rapid charging operation. A circuit for applying a trickle 
charge is shown in FIG. 7. The source 2 and control circuitry 3 
of FIG. 10 of the above-mentioned concurrently filed applica 
tion Ser. No. 867,838 is employed in FIG. 7 is conjunction 
with the battery terminal voltage sensor of FIG. 6. In place of 
winding 21 a relay winding W is used to control the termina 
tion of rapid charge. Additionally, a controlled rectifier80 in 
series with a current limiting resistor 50 and a secondary wind 
ing 66 of FIG. 7 takes the place of relay contact A and load 
resistor 40 of FIG. 6 herein. 
The operation of the control circuitry of FIG. 7 is set out in 

detail in the above-mentioned concurrently filed application 
and is incorporated herein by this reference as though set out 
in full herein. 
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This circuit is modified by the addition of a normally open 
relay contact C between the gate and cathode of controlled 
rectifier 70. Upon the closing of this contact the rectifier 70 
will thereafter be prevented from turning on to present its low 
resistance path for passage of charge current. However, a low 
value charge current will flow through the higher resistance 
path of diode 75 and resistors 76 and 77 to trickle charge the 
battery i after termination of rapid charge. The closing of 
relay contact C, takes place as follows: Upon the firing of con 
trolled rectifier80, the terminal voltage of battery 1 will be ef. 
fectively applied to the terminal characteristic sensor for 
operation of controlled rectifier 23 in response to the attain 
ment of a particular terminal voltage associated with a 
selected state of charge for the battery 1. The firing of con 
trolled rectifier 23 permits sufficient current to flow through 
relay winding W to energize this relay and to close contact C. 
Also upon the energization of winding W, contact Copens to 
take the secondary winding 66 out of the circuit so that con 
trolled rectifiers 23 and 80 will remain forward biased by bat 
tery 1. Thus, winding W will remain energized to keep relay 
contact C closed for continued trickle charge. 

in FIG. 8, a circuit arrangement is shown in which the rapid 
charging operation is automatically terminated responsive to 
the energy released from battery during a discharge interval 
when compared to the energy putting in during the adjacent 
charge interval. As the rapid charging operation proceeds, the 
energy put into battery during the charging intervals 
decreases and the energy released from battery 1 during the 
discharging intervals increases until the energy put into bat 
tery 1 and the energy released from battery 1 on successive 
charging and discharging intervals is the same. When this 
equilibrium occurs, battery 1 is fully charged. In FIG. 8, a re 
sistor 90 is connected in series with battery 1 and contact 9. 
The voltage across resistor 90 is the input of a bridge network 
9. The legs of bridge network 9 are formed by diodes 92 and 
93 connected at their junction to one end of resistor 90 and 
parallcl resistance-capacitance circuits 94 and 95 connected 
at their junction to the other end of resistor 90. The end ter 
minals of a potentiometer 96 are coupled across the output of 
bridge 9. In other words, the junction of diode 92 and circuit 
94 is connected to one end terminal of potentiometer 96 and 
the junction of circuit 95 and diode 93 is connected to the 
other end terminal of potentiometer 96. The slider arm of 
potentiometer 96 is directly connected to the control terminal 
of controlled rectifier 23. During charging intervals, current 
from charging source 2 flows through diode 93 to charge cir 
cuit 95. During the discharge intervals, current from battery 
flows through diode 92 to charge circuit 94. Thus, the voltage 
across circuit 95 is proportional to the energy put into battery 
during the charging intervals, and the voltage across circuit 

94 is proportional to the energy released from battery 1 during 
the discharge intervals. When the voltage across circuit 95 and 
voltage across circuit 94 are equal, bridge 9A is balanced. The 
slider arm of potentiometer 96 is adjusted to provide a trigger 
voltage for controlled rectifier 23 at this condition, thereby 
opening the contact of circuit breaker 20 and terminating the 
rapid charging operation. Under some conditions, it may be 
desirable in the interest of time to terminate the rapid charg 
ing operation before the equilibrium condition is reached. In 
such case, the slider arm of potentiometer 96 is adjusted to 
fire controlled rectifier 23 at some other ratio of energy in 
during one or more charge intervals to energy out during one 
or more discharge intervals while charging battery 1. The ter 
mination of the rapid charging operation on the basis of ener 
gy release has the advantage over the termination on the basis 
of other terminal characteristics in that the same predeter 
mined value, namely, equality of energy out with the energy 
put into the battery is valid for all types of batteries. When the 
rapid charging operation is terminated on the basis of other 
terminal characteristics, such an average discharge current, 
terminal voltage a certain increment of time after the start of 
discharge, or the frequency of the discharge intervals, the 
predetermined value at which the operation is terminated de 
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6 
pends upon the type of battery being charged. Thus, the 
parameters of the circuit arrangements might have to be ad 
justed to accommodate different batteries. 

in FIG.9, a circuit arrangement is shown that automatically 
terminates the rapid charge operation responsive to the 
frequency of the discharge intervals. Charging source 2 is con 
nected to control circuit 3 by a circuit breaker 20 having con 
tacts that open responsive to the passage of current through a 
winding 21. Battery 1 is connected to control circuitry 3 
through contact 9 and a frequency sensor 22, which produces 
a voltage in response to a selected frequency of the pulses of 
the discharge current from battery E. Winding 21, a silicon 
controlled rectifier 23, and a current-limiting resistor 24 are 
connected in series across battery 1. The control terminal of 
silicon-controlled rectifier 23 is connected to the output of 
frequency sensor 22. Control circuit 3 is also directly con 
nected to battery through a normally closed relay contact A 
the same as battery in FIG. 2 herein. During the charging in 
tervals, contact A is closed to provide a direct path between 
control circuit 3 and battery that bypasses frequency sensor 
22. During the discharge intervals, frequency sensor 22 forrhs 
the sole path between control circuitry 3 and battery 1. As 
battery i is charged, control rectifier 23 remains nonconduct 
ing. When the frequency of discharge intervals reaches a 
predetermined value that corresponds to a selected charge 
state of battery 1, the output of frequency sensor 22 provides a 
sufficient voltage to fire controlled rectifier 23. As a result, 
sufficient current from battery 1 flows through winding 21 to 
open the contact of circuit breaker 20 and terminate the rapid 
charging operation. 
What is claimed is: 
1. A method comprising the steps of: 
rapid charging a battery by imposing an increasing charge 
on the battery by charging the battery during a plurality 
of charging intervals, and providing battery discharge in 
tervals interspersed with said charging intervals; and 
causing the duration of intervals of said charging to 
diminish as said charge in said battery increases: 

monitoring a terminal characteristic of the battery during 
the rapid charging step; and 

terminating the rapid charging step when the monitored ter 
minal characteristic of the battery assumes a predeter 
mined value. 

2. A method comprising the steps of: 
rapid charging a battery by charging the battery during a 

plurality of charging intervals, and providing battery 
discharge intervals interspersed with said charging inter 
vals; causing the frequency of said discharging intervals to 
increase as said charge on said battery increases; 

monitoring a terminal characteristic of the battery during 
the rapid charging step; and 

terminating the rapid charging step when the monitored ter 
minal characteristic of the battery assumes a predeter 
mined value. 

3. A method comprising the steps of: 
rapid charging a battery by imposing an increasing charge 
on the battery by charging the battery during a plurality 
of charging intervals, and discharging the battery during 
discharging intervals interspersed with said charging in 
tervals, effecting said charging with charge current ex 
ceeding the nominal one-hour rate of the cells of said bat 
tery; and by maintaining the duration of each interval of 
charging as a function of a condition of said battery; and 
in response to a predetermined battery condition, causing 
the duration of intervals of said charging to diminish as 
said charging and discharging progresses; 

monitoring a terminal characteristic of the battery during 
the rapid charging step; and 

terminating the rapid charging step when the monitored ter. 
minal characteristic of the battery assumes a predeter 
mined value. 

4. A method comprising the steps of 
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rapid charging a battery by charging the battery during a 
plurality of charging intervals, and discharging the battery 
during discharging intervals interspersed with said charg 
ing intervals, effecting said charging with charge current 
exceeding the nominal one-hour rate of the cells of said 
battery; maintaining the duration of each interval of 
charging as a function of a condition of said battery; in 
response to a predetermined battery condition, causing 
the frequency of said discharging intervals to increase as 
said charging and discharging progresses as said battery 
increases; 

monitoring a terminal characteristic of the battery during 
the rapid charging step; and 

terminating the rapid charging step when the monitored ter 
minal characteristic of the battery assumes a predeter 
mined value. 

5. A method comprising the steps of: 
rapid charging a battery by charging the battery during a 

plurality of charging intervals, and providing battery 
discharge intervals interspersed with said charging inter 
vals: causing the frequency of said discharging intervals to 
increase as said charge on said battery increases: causing 
the duration of intervals of said charging to diminish as 
said charge on said battery increases: and causing the 
quotient of the duration of a charging interval divided by 
the duration of a succeeding discharging interval to 
diminish as said charge on said battery increases: 

monitoring a terminal characteristic of the battery during 
the rapid charging step: and 

terminating the rapid charging step when the monitored ter 
minal characteristic of the battery assumes a predeter 
mined value. 

6. A method comprising the steps of: 
rapid charging a battery by charging the battery during a 

plurality of charging intervals, and discharging the battery 
during discharging intervals interspersed with said charg 
ing intervals, effecting said charging with charge current 
exceeding the nominal one-hour rate of the cells of said 
battery; maintaining the duration of each interval of 
charging as a function of a condition of said battery; in 
response to a predetermined battery condition causing 
the frequency of the intervals of discharging to increase 
as said charging and discharging progresses; in response 
to said predetermined battery condition, causing the du 
ration of intervals of said charging to diminish as said 
charging and discharging progresses; and in response to 
said predetermined battery condition, causing the quo 
tient of the duration of a charging interval divided by the 
duration of a succeeding discharging interval to diminish 
as said charging and discharging progresses; 

monitoring a terminal characteristic of the battery during 
the rapid charging step; and 

terminating the rapid charging step when the monitored ter 
minal characteristic of the battery assumes a predeter 
mined value. 

7. A method of rapid charging batteries comprising the 
steps of: 

applying a charging current at an optimum rate for the size, 
structure, and materials of the battery, whereby the 
parameters of terminal voltage, pressure, and tempera 
ture of the battery change; 

sensing the change in one of the parameters; 
interrupting the charging current and depolarizing the bat 

tery by discharging at a high rate in response to the occur 
rence of a preselected value in the sensed parameter; 

monitoring a terminal characteristic of the battery; and 
repeating the above steps until the monitored terminal 

characteristic of the battery assumes a predetermined 
value. 

8. A circuit arrangement comprising: 
a source of charging current; 
a battery to be charged; 
means for sensing the change in the voltage, temperature, or 

pressure of the battery during charge; 
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means responsive to the occurrence of a preselected value 

of the sensed parameter for interconnecting the source 
and the battery so as to alternately apply charging current 
from the source to the battery and to depolarize the bat 
tery, 

al With connected between the source and the battery such 
that when the switch is closed the battery is alternately 
charged and depolarized through the interconnecting 
means and when the switch is open the charging source is 
out of circuit with the battery; 

means for sensing a terminal characteristic of the battery; 
and 

means responsive to the sensing means for opening the 
switch when the sensed terminal characteristic of the bat 
tery assumes a predetermined value. 

9. The circuit arrangement of claim 8, in which the inter 
connecting means depolarizes the battery by discharging it. 

10. The circuit arrangement of claim 8, in which the sensing 
means senses the average discharge current of the battery. 

11. The circuit arrangement of claim 8, in which the sensing 
means senses the energy released from the battery during 
discharge. 

12. The circuit arrangement of claim 11, in which the 
predetermined value of the energy released by the battery dur 
ing discharge is a selected percentage of the energy put into 
the battery during the adjacent charging interval. 

13. The circuit arrangement of claim 12, in which the 
sensing means is a bridge circuit connected in series with the 
battery, first and second diodes form two legs of the bridge cir 
cuit; 

first and second resistance-capacitance circuits form the 
other two legs of the bridge circuit; 

the junction of the first and second diodes and the junction 
of the first and second resistance-capacitance circuits are 
connected in series with the battery; 

the first diode is poled such that the first resistance 
capacitance circuit charges while charging current is ap 
plied through the interconnecting means to the battery; 

the second diode being poled such that the second re 
sistance-capacitance circuit charges while the battery is 
discharged through the interconnecting means; and 

the means for opening the switch is responsive to the volt 
age between the junction of the first diode and the first re 
sistance-capacitance circuit and the junction of the 
second diode and second resistance-capacitance circuit. 

14. The circuit arrangement of claim 13, in which a resistor 
is provided having end terminals and an intermediate ter 
minal, one end terminal of the resistor is connected to the 
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circuit, the other end terminal of the resistor is connected to 
the junction of the second diode and the second resistance 
capacitance circuit, and the means for opening the switch is 
responsive to the voltage between the intermediate terminal of 
the resistor and the junction of the first and second resistance 
capacitance circuits. 

15. The circuit arrangement of claim 14, in which the re 
sistor is a potentiometer and the intermediate terminal is 
movable between the end terminals of the potentiometer. 

16. The circuit arrangement of claim 8, in which the means 
for opening the switch is responsive to the terminal voltage of 
the battery a certain interval of time after the start of 
discharge. 

17. The circuit arrangement of claim 8, in which the means 
for opening the switch is responsive to the frequency of the 
discharge of the battery. 

18. A circuit arrangement comprising a circuit for rapidly 
charging a battery by alternately applying charge current at a 
rate in excess of the normal one-hour rate of the cells of the 
battery and discharging the battery, the rapid charging circuit 
comprising a direct-current source for supplying charging cur 
rent coupled to the battery to be charged, means associated 
with the battery for sensing the change in one of the parame 
ters of the battery that varies during the application of charg 
ing current, and means responsive to the sensing means for ap 
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plying a discharge path across the battery for an interval of 
time between the application of charge current to the battery; 
means for sensing a terminal characteristic of the battery, and 
means responsive to the terminal-characteristic sensing means 
to terminate the rapid charging of the battery. 

19. A method comprising the steps of rapid charging a bat 
tery by imposing an increasing charge on the battery by apply 
ing a charging current in excess of the nominal one-hour rate 
of the cells of the battery, and intermittently discharging the 
battery with the discharging becoming more frequent with 
time, monitoring a terminal characteristic of the battery dur 
ing the rapid charging step; and terminating the rapid charging 
step when the monitored terminal characteristic of the battery 
assumes a predetermined value. 

20. The method of claim 19 in which the monitored ter 
minal characteristic is the average current during discharge. 
2. The method of claim 19 in which the monitored ter 

minal characteristic is the energy released from the battery 
during discharge. 

22. The method of claim 21 in which the predetermined 
value of the energy released by the battery during discharge is 
a preselected percentage of the energy put into the battery 
during the application of the charging current thereto during 
the preceding charge interval. 

23. The method of claim in which the monitored terminal 
characteristic is the terminal voltage of the battery a predeter 
mined time after the start of each discharging of the battery 
during the rapid charge step. 

24. The method of claim 19 in which the monitored ter 
minal characteristic is the frequency of discharging of the bat 
tery. 

25. A method comprising the steps of charging a battery by 
applying a charging current above a first selected level to thc 
battery whereby the parameters of terminal voltage, tempera 
ture, and pressure of the battery change; sensing the change in 
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one of the parameters, and intermittently, in response to the 
attainment of a preselected value of the sensed parameter, 
depolarizing the battery by reversing the current through the 
battery; monitoring terminal characteristic of the battery dur 
ing the charging step; and terminating the charging step when 
the monitored terminal characteristic of the battery assumes a 
predetermined value. 

26. The method of claim 25 in which the monitored ter 
minal characteristic is the average current during depolariza 
tion. 

27. The method of claim 25 in which the monitored ter 
minal characteristic is the energy released from the battery 
during depolarization. 

28. The method of claim 27 in which the predetermined 
value of the energy released by the battery during depolariza 
tion is a preselected percentage of the energy put into the bat 
tery during the application of the charging current thereto 
during the preceding charge interval. 

29. The method of claim 25 in which the monitored ter 
minal characteristic is the terminal voltage of the battery a 
preselected increment of time after the start of each depolariz 
ing of the battery during the charging step where the charging 
current is above the first selected level. 

30. The method of claim 25 in which the monitored ter 
minal characteristic is the frequency of depolarizing of the 
battery. 

31. A method comprising the steps of rapid charging a bat 
tery by alternately charging with a charge current exceeding 
the nominal one-hour rate of the cells of the battery and 
discharging the battery to attain an increasing charge on the 
battery; monitoring a terminal characteristic of the battery 
during the rapid charging step; and terminating the rapid 
charging step when the monitored terminal characteristic of 
the battery assumes a predetermined value. 
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