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(57) L' 1invention se rapporte a un circuit de charge et de
conditionnement de batterie, dans lequel ’application
d’un courant de charge sur la batterie (B) est effectuce en
alternance avec 1’application de courtes pointes de
courant. On surveille et on traite les caractéristiques
d’impedance et de tension a vide de la batterie afin de
selectionner le courant de charge et les pointes de
courant appliqueés sur la batterie. On ftraite les
caractenistiques d'impedance et de tension a vide par
I"intermeédiaire d’une unité de traitement (5). Le circuit
utilis€ pour generer les courtes pointes de courant reagit
a un signal de synchronisation produit par un oscillateur
(15) en ouvrant et en fermant un commutateur (11) afin
de libérer la charge accumulc¢e dans un dispositif
d’accumulation de charge tel qu’un inducteur (19), ladite
charge libérée comprenant une impulsion de courant
destin€e a €tre appliquee sur la batterie.
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(57) A battery charging and conditioning circuit 1s
provided wherein application of a charging current to a
battery (B) 1s alternated with the application of short
current spikes. The impedance characteristic and no load
voltage characteristic of the battery are monitored and
processed to select the charging current and spiked
current applied to the battery. Processing of the
impedance characteristic and no load voltage
characteristic of the battery 1s made by a processing unit
(5). The circuit used to generate the short current spikes
responds to a timing signal produced by an oscillator
(15) by opening and closing a switch (11) to release
charge stored mm a charge storage device such as an
inductor (19), the released charge comprising a current
pulse for application to the battery.
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ABSTRACT OF THE DISCIOSURE

A battery charging and conditioning circuit is provided
wherein application of a charging current to a battery (B) is
alternated with the application of short current spikes. The
impedance characteristic and no load voltage characteristic
of the battery are monitored and processed to select the
charging current and spiked current applied to the battery.
Processing of the impedance characteristic and no load
voltage characteristic of the battery is made by a processing
unit (5). The circuit used to generate the short current
spikes responds to a timing signal produced by an oscillator
(15) by opening and closing a switch (11) to release charge
stored in a charge storage device such as an inductor (19),

the released charge comprising a current pulse for
application to the battery.
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CHARGING AND CONDITIONING BATTERIES

This invention relates to devices for charging and/or conditioning
batteries having one or more electrolytic cells and particularly but not exclusively
to lead acid batteries. The invention may particularly but not exclusively be
embodied in chargers which monitor the condition of the battery and tailor the

characteristics of the charge they deliver to battery condition.

KGROUND OF THE INVENTION

During the discharge of a lead acid battery, HoSO4 is consumed and
water is formed, resulting in a weakened electrolyte solution. The more deeply
the battery is discharged, the lower the concentration of the H2SO4. During
discharge, insolubie lead sulfate (PbSO4) forms and adheres to both the cathode

and anode in equal amounts, effectively shielding and passivating both

1nis "double suifate” theory was first recorded in ‘engineering

=i}y

eiectrodes.
literature over one hundred years ago. The molecular -volume of the PbSO4 is
appreciably greater than that of either the PbO2 or the Pb from which it is
formed. The porosity of the active materials falls steadily during discharge. As
discharge proceeds, the internal resistance of the cell rises due to PbSOg4
formation and the decrease in electrolyte conductivity as the H9SOg is

consumed. The reduced active material of the battery has a pronounced negative

effect on the capacity of the battery.

The charging process reverses the direction of the discharging
reaction. During an effective charging process, the PbSO4 is converted to Pb at
one electrode and to PbO5 at the other, both in contact with the electrolyte of
dilute sulfuric acid - thus restoring the materials of a fully charged cell.

However, rate of charging is important. If the concentration of
H2S504 is very low, as it is in a battery which is sulfated, the battery wiill
overheat during the charging process causing damage to the battery. Water of

the electrolyte may be decomposed into Ho and O2 which has the potential of
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causing an explosion. Furthermore, the production of these gases can dislodge
Pb, PbO2, or PbS0O4 from the plates. These solids accumulate as a sludge at the
bettom of the battery. In time, they may cause a short circuit which will render
the battery useless.

Charging should also be tailored to the type of battery being
charged. Deep discharge batteries with thick plates have a lower charge
acceptance than other batteries. The rate at which the battery absorbs charge
depends upon the diffusion of the electrolyte throughout the active material on
the plate. The thicker the plate, the slower the diffusion and the lower the
charge acceptance.

Gali in his U.S. Patents 4,871,959 issued October 3, 1989,
5,063,341 issued 1991, 5,084,664 issued January 28, 1992 and 5,276,393
issued January 4, 1994 discloses a technique for conditioning a battery during
charging in which the charge includes a plurality of-spikes or pulses in the
charging voltage. The patents of Gali are not clear as to the dimensions of the
pulses including particularly the current and voltage at the peaks of the pulses
but the particular technique used by Gali in the machine manufactured in practice
involves the use of a transformer which can be used to increase the voltage in a
voltage pulse but in view of the increased number of windings in the secondary,
this increase in voltage is obtained while reducing the current available. In
practice, therefore, the pulse genérated in the machine proposed by Gali, which
iIs manufactured and sold by Motor Products and Pulse Charge Systems in USA,
generates pulses of a significant voltage value but provides a current which is
limited by the transformer technique to a value of the order of a few milliamps.
The most recent of the above patents explains the operation of the device in
terms of a resonance effect in which the pulse generates an oscillating voltage

alternately increasing and decreasing the charging voltage while gradually
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declining toward the end of the pulse. The phenomenon of the conditioning of
the battery is therefore explained in terms of the resonance of the cells.
In practice the above machine has been found to provide some

conditioning of the battery thus reducing the amount of sulfation but the effect
obtained is relatively slow so that a valuable effect on the state of the sulfated

battery is obtained only after many days or weeks of conditioning.

U.S. Patent 4,843,299 (Hutchings) issued June 27, 1989 discloses
a battery charging which includes a microprocessor contro! for detecting the
current, voltage and temperature of the battery for controlling the battery
charging profile. However, this patent does not disclose any techniques for

conditioning the battery to reduce the state of sulfation of heavily sulfated

batteries. -

U.S. Patent 3,816,807 (Taylor) issued June 11, 1974 discloses an
impedance control battery charger including a monitoring system in the form of a
feedback control for automatically adjusting the DC current supplied to the
battery to match the current accepting capabilities of the battery. However again
the patent discloses no techniques for conditioning the battery to reduce

sulfation.

U.S. Patent 5,172,044 (Sasaki) issued December 15, 1992 discloses
a battery charger which controls the charging current and the voltage on the
assumption that the battery charging follows a predetermined charging curve.

Over again the patent discloses no techniques for reducing sulfation.

SUMMARY OF THE INVENTION

It is one object of the present invention to provide an improved
method for conditioning a battery which can reduce sulfation of the plates within
a significantly reduced period of time. Accordingly there is provided a charging
process which alternates periods of application of a charging current with the

introduction of a series of short spikes of energy into the battery has been found



10

15

20

25

30

CA 02206431 2000-03-28

to facilitate the conversion of crystallized PbSO, to Pb and PbO,, thus restoring
the active material of the battery and the concentration of the electrolyte
without the formation of sludge at the bottom of the cells. This charging
process is governed by a microprocessor which periodically checks the
condition of the battery and customizes both the charging current, and the
strength of the spikes of energy to the battery condition.

It is thus a principal object of this invention to provide a battery charger
which is capable of restoring the electrochemical efficiency of discharged lead
acid batteries, in a manner which promotes restoring each cell to a healthy
condition with a minimum of charge over and above that required to replace the
previous output.

Another object of this invention is to provide a charging process which
alternates delivery of charging current and delivery of a series of short spikes
of energy in a manner appropriate to the battery’s ability to accept a charge
which is governed by the design of the battery and the condition of the battery.

A further object is to provide such a battery charger which can alter its
charging characteristics according to the state of discharge and state of
internal resistance of the battery which the charger senses at any given time.

Yet another object of this invention is to provide a battery charger which
facilitates the restoration of the active materials in a lead acid battery which has
become sulfated.

According to a first aspect of the invention there is provided a method
of conditioning plates of a battery having a positive terminal and a negative
terminal and at least one electrolytic cell, the method comprising the steps of
connecting a first connector to the positive terminal; connecting a second
connector to the negative terminal; applying a substantially constant voltage
across the positive and negative terminals; generating a series of current
pulses, the step of generating comprising the steps of: providing an inductance

coil; providing switch means for controlling passage of current through the

-IJIWMmmwmmwmmum.mu-»-------- - Lo ~'-~"-*~mewmwmw
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inductance coil; and repeatedly initially closing the switch to cause a current to
flow through the inductance coil and then opening the switch to cause the
current stored in the inductance coil to flow out as the series of current pulses;
and applying the pulses across the positive and negative terminals, the pulses
having a peak voltage measured above the constant voltage and the pulses
causing a current flow of greater than 1.0 amps through the battery and
wherein the pulses have a time period from a leading edge to a trailing edge
of less than 10 microseconds.

In the arrangement, the entire battery charging and energy spiking
process is governed by the control circuit. The control circuit consists of a
microprocessor unit which governs the periodic interrogation of battery
condition and selection and performance of charging and energy spiking
methods appropriate to current battery condition. The circuitry of the
microprocessor is able to determine battery voltage and battery internal
resistance, and select a pattern of an appropriate charging current,
interspersed with the transmission of spikes of energy into the battery to
accomplish the stated objectives of the invention.

Should the microprocessor sense a low voltage, high resistance
condition (indicative of battery sulfation) it will charge the battery with pulses
of low current, interspersed with quick, vigorous, spikes of energy, the strength
of which will be matched to the battery condition. The spikes of energy will
have the capability of overshooting battery voltage in the range of one through
twenty volts overshot. Delivery of charging current and energy spikes will be
alternated throughout the charging processing.

Should the microprocessor sense a low voltage, low internal resistance
condition (indicative of discharge without appreciable sulfation), the device will
primarily charge the battery with blocks of the maximum acceptable current.
A brief period of delivery of quick, gentle spikes of energy, the strength of

which will be matched to battery condition will also be administered during the
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charging process.

All charging processes will administer a charge which the battery Is
capable of accepting. This responsive charging method will ensure that active
gassing does not occur within the battery.

Many chargers switch from charging to float charge when the gas point
voltage is reached. They do not adequately charge the battery, which has not
recovered all of its capacity at this point. This charging process will conclude
with the delivery of a constant voltage charge which will allow the battery to
accept current at its own natural absorption rate which is a function of battery
design and state of charge. This process will result in a fully charged battery.

This invention will also remove the passive layer which occurs in lithium
batteries.

This invention prevents the overheating of batteries (and consequential
damage) which occurs during the charging process. Conventional battery
chargers use battery voltage as their “cue” and with a battery that is sulfated,
the combined effects of the sulfation and a very inefficient stagnant double
layer surrounding the plates, the charging process Is very inefficient, resulting
in the generation of heat. As the battery heats, the voltage collapses, causing
the charger to provide more current, until eventually the battery electrolyte
begins to boil. The electrolyte evaporates to a point where the battery no
longer functions. This is especially relevant with the new "maintenance free”
batteries. in which there is a vent to allow evaporating electrolyte to escape,
but generally no method to access the cells to replenish electrolyte.

This invention reduces the stagnant layer and improves the efficiency
of the double layer, which both surround the battery plates. This is the area Ig
the battery where the ion exchange takes place.

Embodiment to the invention will now be described in conjunction with

the accompanying drawing in which:
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Part of Figure 1 is a schematic illustration of the circuit providing a -
battery charging and reconditioning system for attachment to a lead/acid battery.

Figure 2 is a graph of voltage against time showing the input voltage
V1 to the switch.

Figure 3 is a graph of current in the inductor at the point of the
second indicator C1.

Figure 4 is a graph of voltage against time at the point C1.

Figures b, 6 and 7 corresponds to Figures 2, 3 and 4 showing the
generation of an increased current pulse by increasing the time of opening of the
switch.

Figure 8 is a circuit diagram similar to that of Figure 1 showing a
modified circuit for use in conditioning a battery in a separate battery power
supply and charging system.

Figure 9 is a block diagram“'showing a system somewhat similar to
that of Figure 1 in which is included microprocessor cohtrol for controlling the
presence of and value of the charging current and the current pulses.

Figure 10 is 'a schematic illustration of a circuit proposed as an
alternative for the inductor qoil system of Figure 1 and instead utilizing pulses
generated by a capacitor supply.

In the drawings like characters of reference indicate corresponding

parts in theﬂdifferent figures.

DETAILED DESCRIPTION

Turning firstly to Figure 1 there is shown a circuit for charging and
conditioning a battery, the positive and negative terminals of which are indicated
at 10 and 11 respectively. The circuit can be connected to the terminal 10 and
11 in any suitable manner well known to one skilled in the art.

The circuit includes a power supply including a positive power

terminal 12 and negative power terminal 13. The power supply can be provided
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by any suitable power source which will be well known to one skilled in the art
including the use of solar power. The power supply in a separate circuit is
rectified and filtered so as to provide a DC voltage across the terminals 12 and
13 of the order of 16 volts. The positive voltage is connected through a charge
current control system 14 defined by resistor R5 and it's connected to the
positive terminal through a diode D6. The charge current control system 14 thus
limits the current supply and provides a trickle charge current for charging the
battery in conventional manner. |

In addition to the battery charging system, there is also included a
conditioning pulse system for injecting current pulses on top of the DC current
trickle charge voltage. The pulse generator circuit includes an oscillator 15 for
generating a timing pulse at a predetermined frequency and of a predetermined
pulse width. The pulse from the oscillator is supplied to a buffer circuit 16 which
amplifies and shapes the pulse so that the output pulse from the oscillator and
buffer is provided on the line at point V1. The output pulse is shown in Figure 2
and is in the form of square wave having a leading edge at time T1 and trailing
edge at time T2. A second pulse is also shown in Figure 2 with ihe time space
between the first and second puilse as being dependent upon the frequency
generated by the oscillator 15.

The details of the oscillator and buffer. are not described herein as
these will be well apparent to one skilled in the art. The components of the
oscillator 15 and the buffer 16 are shown in Figure 1 and the person skilled in the
art will be able to generate these devices with suitable component values by the
application of normal skill.

The circuit further includes a switch 17 in the form of a transistor
switch which is actuated to the closed and open conditions by the leading and

trailing edges respectively of the puise at V1. The circuit further comprises a

current supply capacitor and a diode D3. The inductor coil 19 is connected in
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series with the switch 17 so as when the switch is closed current can flow from
the power supply through the inductor coil 19 to ground. The current supply
capacitor 18 is connected to the power supply line 20 so that sufficient charge is
available to supply current to the inductor coil rather current being restricted by
the charge current control resistor 14.

The point P2 on one side of the inductor coil is connected to the
positive terminal 10 through the diode D3. The diode D3 prevents current from
flowing through the line from the positive terminal back to the point P2 when the
voitage at P2 drops below the voitage on the line 20 which is connected to the
battery terminal.

A voltage filter 21 is provided which controls the voltage for the
control circuits, further stabilized by diode D1.

In operation, the oscillator 15 and buffer 16 generate the square

wave pulse is shown in Figure 2. Thus at the time T1 of the leading edge of the

pulse, the transistor switch 17 is closed causing current to flow into the inductor
coil 19 in a constantly rising current pulse indicated at C2 with that increasing
current indicator C2 increasing continually and grédually from time T1 up to time
T2 at which time the current into the inductor coil 19 gradually declines from a
maximum current C3 back to zero. The voltage at T2 is shown in Figure 4. At
the time T1 when the switch 17 is closed, the voltage drops immediately to zero
shown at VO from the line voltage VB. When the switch is opened at time T2,
the voltage rapidly increases from VO to the peak voltage VP. This increase in
voltage occurs due to the supply of current from ihe inductor coil 19 which
travels from the point at P2 through the diode D3 to the battery terminal. The
current thus generated by the inductor due to the opening of the switch 17 and
the inductance of the inductor coil 19 is supplied across the battery as a current

puise. The value of the current generated at point P2 by the inductor coil is
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equal to the current C3 which is that current passing through the inductor coil at -
a time T2 when the switch is opened.

The current pulse is thus applied to the battery termina! and passes
through the battery so that the voltage across the battery dramatically increases
to a voitage dependent upon the impedance across the battery. It will be noted
that the only impedance between the point P2 and ground is the impedance

across the battery.

Figures 5, 6 and 7 show the same steps as Figures 2, 3 and 4
except that the oscillator 15 has been modified so that the time between the
leadiag and trailing edges of pulse are shown at T3 and T4 is increased. This
causes the current ramp C4 to rise for an increased period of time up to a
maximum value C5 so that the peak voitage VP1 is increased relative to the peak
voltage VP by an amount proportional to the difference in width of the puilses.
Thus if the pulse if doubled in length, the peak current C5 is double the peak
current C3 leading to a voltage pulse of twice VP assuming the battery
impedance remains constant.

As shown in Figures 4 and 7, the current pulse falls rapidly from the
peak back to the DC voltage across the battery terminals without causing the
voltage to fall below the DC voltage across the terminals. This occurs because
the current pulse is generated by a positive current applied as a peak on top of
the DC current and therefore the puise decays by a rapid reduction of the pulse
current back to the DC current generated by the charging system. Observation

of the shape of the pulse shows that the pulse includes an initial rapid decay

followed by a slower decay.

When the transistor switch opens the inductor maintains the same
current as just before the instant of opening. The current however has to find an
alternative path. The voltage across the inductor is now determined by the

impedance of the new path. This impedance has its resistive and inductive part.
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The resistive part is determined by the battery resistance and the resistance of
the leads. The inductive part is determined by the inductance of the leads and by
the finite response speed -of the battery electrolyte. For these reasons the
voltage initially rises to a relatively high value, than after some 50 nanoseconds

the effects of lead inductance and that of the electrolyte finite response begin to

vanish allowing the current to flow with less restriction, which manifest as
decrease in the voltage. This way after the initial about 200 nanoseconds
needed for the stabilization, the voitage is determined only by the resistance of
the battery and decreases linearly the same way as the current of the inductor
decrease.

In a typical arrangement, the overshot voltage is of the order of 1
volt for each 1 amp of pulse current. The total decay time from the rising edge
of the pulse at T2 to the time T5 is of the order of 100 to 300 microseconds.
The repetition time between T1 and T6 is of the order of 400 to 700
microseconds. The transient time from the initial rise of the pulse to the peak is
of the order of 30 to 100 nanoseconds. THe time from the initial rise to the end

of the rapid decay at time T7 is of the order of 200 to 300 nanoseconds.

The current pulses in practice are selected so as to provide a current

cells. It is appreciated that the voltage is and current discussed in this
application will be modified for battery systems having more or less cells to
provide greater or smaller voltage output. In the 12 volt system, the application
of a current pulse in the range 1 to 6 amps will generate a voltage across the
terminals of between 5 and 80 volts depending upon the level of sulfation of the
battery plates which therefore determines the particular impedance of the battery
plates. Generally the puilse current is selected so as to maintain the voltage less
than 80 volts so that in ci}cumstances where the impedance is particularly high

due to very high levels of sulfation, the smaller current pulse is required to be
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selected. In situations where the sulfation is less or has already been decreased
by the action of the present device, the current pulse can be increased to the 6
amp level to maintain the voltage pulse across the terminals at a sufficient level

preferably greater than 5 volts.

While the explanation for the operation of the pulses of the present
device is not well determined, it is believed that the high energy pulses reduce
the crystailization of the sulfates on the surface of the plates. This crystallization
is reduced by the high energy pulse without the application to the battery of
sufficient heat energy to cause decomposition of the electrolyte. In addition it is
believed that there is a "memory" effect of the battery plates in that the
application of the short period high energy pulse causes to some extent a
continuing excitation of the ions in the electrolyte and the battery plates without
the current flow and without the on going application of the heat energy so as to
avoid the generation of breakdown gases and without boiling the electrolyte.

Turning now to Figure 8 there is shown a modified circuit for use
with a separate charging system 25 connected across the terminals 10 and 11 of
the battery B. The conditioning circuit is therefore entirely separate from the
charging system and its applied as an additional element simply attached across
the battery terminals. The conditioning circuit therefore can be relatively small
and self-contained. In the example therefore of a vehicle charging system, the
conditioner can be attached as a separate element from the alternator and
regulator systems of the charging system of the vehicle and separate from the
battery. The separate element is therefore simply attached across the battery
terminals and can be added as a retro fit to existing vehicles to provide ongoing
conditioning of the battery.

The circuit of the device of Figure 8 is therefore modified in that it
does not require a separate power supply and simply takes power from the

battery as required to generate the pulses in the inductor coil 19. In addition the
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circuit is modified by a voltage sensing circuit 26 which uses a zener diode D2 to -
close a transistor switch Q1 in response to the voltage across the diode
exceeding the conventiona! battery voltage. Thus the sensing circuit 26 is
responsive to the presence of excess voltage from the charging system 25 so
that the puising circuit is only actuated when the charging system is in operation.
When the voltage drops to the battery voltage, the transistor switch Q1 is
opened which halts the input into the oscillator 15.

Turning now to Figure 9 there is shown a modified arrangement
illustrated in block diagram form which is an enhanced version of the
arrangement shown in Figure 1. In this enhanced version there is provided a
power supply system 1, a DC voltage regulator system 2, a pulsing system 3 and
a battery sensing system 4. An output from the battery sensing system 4 is
supplied to a microprocessor control unit 5 which actuates control of the pulse
generation system 3 and the DC voltage supply 2 in dependence upon the
detection of the battery condition.

The power supply system 1 is of course of a conventional nature
and will be well known to one skilled in the art. The voltage regulator system 2
again is of a conventional nature and can be controlled by the microprocessor to
generate voltages in the range 4 to 16 volts and a current in the range 0.5 to 10
amps. The pulsing system 3 is arranged to generate current pulses in the manner
described hereinbefore with the value of the current being variable, as discussed

hereinb'é}ore between 2 amps and 6 amps.

¢

The battery sensing system is actuated by the microprocessor on a

periodic basis which typically would be of the order of once every few minutes.

The microprocessor thus actuates the DC voltage system 2 and the pulsing
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system 3 to halt actuation temporarily while the battery sensing system is .
actuated to detect the condition of the battery. This is effected by initially
sensing the voltage across the battery under no load and subsequently a current
of a predetermined value is applied across the battery to detect the impedance of
the battery. Typically the current would be of the order of 1 amp which is
applied from a constant current source across the battery terminals to detect the
{roltage increase across the battery and thus the impedance of the battery.

The microprocessor then carries a look up table to select the
presence of and value of the charging voltage from the generator 2 and the
presence of and value of the current pulse from the pulse generator 3 for

application to the battery. One example of a look up table is set out as follows:
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PROGRAM BRANCH DECISION TABLE

(based on no load battery voltage)

BATTERY VOLTAGE CHARGE CURRENT BRANCH TO

4 volt B A CHARGE

® volt 5 A CHARGE

6 voit 5 A CHARGE

7 volt 6 A CHARGE

8 volt 7 A CHARGE

9 volt 8 A CHARGE

10 volt 10 A CHARGE

11 volt 10 A CHARGE & PULSE
12 volt 10 A CHARGE & PULSE
13 volt 6 A CHARGE & PULSE
14 volt 1A FLOAT PULSE
15 volt 4 A FLOAT PULSE
16 voIt 2 A FLOAT PULSE

O FIND PULSE CURRENT TABLE

IMPEDANCE (relative unit) PULSE CURRENT

1 : NO PULSE
2 ; 2 A
3 ; 2 A
4q : 3 A
5 : 4 A
6 : 4 A
7 : 5 A
8 - 6 A
9 ; 6 A
10 In general, therefore, the enhanced device of Figure 9 continually

monitors the battery condition and provides either just a charge voltage or just a
pulse or both depending upon the condition of the battery. In addition the value

of the charge voltage and the value of the current pulse can be controllied in
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careful dependence upon the battery condition to provide the best effect for:
conditioning and charging the battery to fully charged condition.

Upon connecting to a battery the microprocessor determines the
oattery voltage and the battery impedance. Based on these conditions the
program finds the optimal charging current, and the voltage limit. Once the
battery voltage reaches this limit and if the battery impedance is high the
microcontroller starts to pulse the battery. The higher the battery impedance is,
the higher pulsing current is used. The values of all the variables, like battery
voltage, charging current, pi.llsing current and battery impedance are stored in the
look <up tables in the program. Pulsing continues until the battery impedance
drops to low level. Then if the battery is fully charged the control switches into a
float mode. If the battery still needs additional charge the unit continues to
charge. In the float mode the charging voltage is reduced to 13.8 volts so that
theree is in effect no carge current and a gentle pulse_of about 1A is introduced.
In a case where the impedence is very low, the float pulse can be halted. The
impedence can be measured by increasing the current value in steps untill a
predetermined voltage is reached. The table of impedences set out above uses
such a technique and the value listed are simply relative or arbitrary values
dependent on the number of steps of a predetermined current values necessary
to reach the voltage. It has been found that the pulse operation has the best
efficiencyh for conditioning the battery when the battery is charged and hence the
pulse operation is only started when the battery voltage reaches 11 volits. The
float pulse provides only the low level or gentle pulse and this has been found to
achieve the most efficient final conditioning of the battery while completing the
charge 'up to maximum electrolyte conversion.

Turning now to Figure 10 there is shown a modified circuit for
generating pulses for injection into the battery. In this modified circuit, the

pulses are generated in a capacitor C which is charged through a resistance R. A
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transistor switch SW operated by an oscillator as shown in Figure 1 operates to
repeatedly close the switch and release the charge from the capacitor into the
battery as a voltage pulse.

In a normal state the switch SW 'is open and capacifor Cis 'being
charged through the current limiting resistor R from the voltage higher than the
battery potential. Once the capacitor is charged, the switch SW closes allowing
the capacitor to discharge into the battery. This way a fast voitage pulse is
administered to the battery. The process repeats at a rate of about 8000 to

10,000 cycles per second.

Since various modifications can be made in my invention as
hereinabove described, and many apparently widely different embodiments of
same made within the spirit and scope of the claims without departing from such
spirit and scope, it is intended that all matter contained in the accompanying

specification shall be interpreted as illustrative only and not in a limiting sense.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

I A method of conditioning plates of a battery (B) having a positive terminal (10)
and a negative terminal (11) and at least one electrolytic cell, the method comprising the
steps of:

connecting a first connector to the positive terminal;

connecting a second connector to the negative terminal;

applying a substantially constant voltage across the positive and negative

terminals;

generating a series of current pulses (C2), the step of generating comprising the

steps of:

providing an inductance coil;

providing switch means for controlling passage of current through the inductance
coll; and

repeatedly initially closing the switch to cause a current {0 flow through the

inductance coil and then opening the switch to cause the current stored in the inductance

coil to flow out as the series of current pulses; and

applying the pulses across the positive and negative terminals, the pulses having a

peak voltage measured above the constant voltage and the pulses causing a current flow of

greater than 1.0 amps through the battery and wherein the pulses have a time period from

a leading edge to a trailing edge of less than 10 microseconds.

2. The method according to claim 1 characterized in that each pulse is arranged such

that it is applied wholly above the constant voltage without substantially reducing the

voltage across the terminals to a voltage less than the constant voltage.

5. The method according to claim | characterized in that the battery 1s a 12 volt

battery and wherein each pulse causes a current flow at its peak in the range of between 2

to 6 amps.

4. The method according to claim | characterized in that it further includes the step
ol controlling cach pulse by generating a sredetermined value of the current How through
the cells such that the voltage at the peak varies and s determined by the resistance of the

battery across the positive and negative terminals.
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5. The method according to claim 1 characterized 1n that 1t the voltage across the

battery is used to provide power for generating pulses.

0. The method according to claim 1, characterized in that it further includes the

steps of:

periodically halting generation of the pulses; and
measuring while the pulses are halted, a voltage generated by the battery and a

resistance across the battery, and selecting a charging voltage and value of pulses based

on the measured battery voltage and the battery resistance.

7. The method according to claim 1 further comprising the steps ot :
detecting the voltage across the positive terminal and the negative terminal;

generating a series of current pulses only when the voltage detected 1s greater

than the battery voltage, the step of generating comprising the steps of:
using the voltage across the battery to provide power for generating the pulses

by charging a capacitor with the battery and discharging the capacitor through the

inductance coil; and

applying the pulses across the positive terminal and negative terminal, the
pulses having a peak voltage measured above the constant voltage and the pulses

causing a current flow of greater than 1.0 amp through the battery; wherein the series

of current pulses is generated only when the voltage detected is greater than the battery

voltage.

8. A device for conditioning plates of a battery (B) having a positive terminal (10)
and a negative terminal (11) and at least one electrolytic cell, the device comprising:

a first connector for connecting the device to the positive terminal;

a second connector for connecting the device to the negative terminal;

a power supply (12) for applying a substantially constant voltage across the
positive and negative terminals; and

means for generating a series of current pulses (C2) which are applied by

the first and second connectors across the positive and negative terminals, the pulses

having a peak voltage measured above the constant voltage and the pulses causing a
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current flow of greater than 1.0 amps through the battery and wherein the pulses have a

time period from a leading edge to a trailing edge of less than 10 microseconds. the means

for generating the pulses comprising:

an inductance cotil (19);

switch means (17) for controlling passage of current through the

inductance coil; and

means (15 and 16) for repeatedly closing the switch to cause a current to

flow through the inductance coil and then opening the switch to cause the current stored

in the inductance coil to flow out as the series of current pulses.

9. The device according to claim 8 characterized in that the means for generating the

series of current pulses includes means for arranging each pulse such that 1t 1s applied

wholly above the constant voltage without substantially reducing the voltage across the

terminals to a voltage less than the constant voltage.

10.  The device according to claim 8 wherein each pulse causes a current flow at 1ts

peak in the range of between 2 to 6 amps through a 12 volt battery.

1. The device according to claim 8 characterized in that the means for generating the

series of current pulses includes means for controlling each pulse by generating a
predetermined value of the current flow through the cells such that the voltage at the peak

varies and is determined by the resistance of the battery across the positive and negative
terminals.

12. The device according to claim 8 characterized in that the means for generating the

series of current pulses includes:

means for detecting a voltage across the positive and negative terminals: and

means for generating the pulses only when the voltage detected 1s greater than

the battery voltage.
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13. The device according to claim 8 characterized 1n that the means for generating
the series of current pulses includes means for using the voltage across the battery

terminals to provide power for generating the pulses.

14. The device according to claim 8 further comprising:
means for periodically halting generation of the pulses; and

means for measuring, while the pulses are halted, a voltage generated by the

battery and a resistance across the battery, and selecting a charging voltage and value

of the pulses based upon the measured battery voltage and battery resistance.
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