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(54) RECHARGING ACCUMULATOR BATTERIES

(71) We, AKTIEBOLAGET
MULTILAB, a Company incorporated
under the Laws of Sweden, of
Mandelbrédsvigen 9-—11, Skondal,
Sweden, do hereby declare the invention,
for which we pray that a Patent may be
granted to us, and the method by which it is
to be performed, to be particularly
described in and by the following
statement:—

The present invention relates to the
recharging of accumulator batteries.

For recharging accumulator batteries for
stationary use or for use on vehicles,
charging units are frequently used which are
of the so-called constant voltage type,
implying that the charging current is
considerably reduced when the terminal
voltage of the battery approaches the open-
circuit voltage of the charging unit.

The current required to maintain a
certain cell voltage for a battery is called the
trickle current. Its magnitude depends to a
very great extent on the condition of the
battery. A fresh battery only requires a low
current to maintain the certain cell voltage,
whereas a used battery needs a considerably
higher current to maintain such voltage.

However, the contribution made by the
magnitude of the trickle current to the
capacity of the battery is very small,
particularly in the case of used batteries,
where the current acceptivity is relatively
high at the same time as the capacity is
relatively low. Indeed, a high trickle
charging current can give rise to
disadvantages during charging, such as the
risk of boiling, sulphating, formation of
oxygen and hydrogen gas and corrosive
vapours, and overheating of the battery.

Accordingly, the indication is that a
controlled reduction of the trickle charging
current would give a lower energy
consumption during charging and would be
less harmful for the battery whilst resulting
in a negligible capacity reduction. The

trickle charging current can be reduced in
several different ways, e.g. by connecting a
higher series resistance in the circuit, or by
lowering the source voltage of the charging
unit. Neither of these methods however
allow for the affect on the charging process
of disturbing factors, such as variation of
the mains voltage, the temperature of the
battery and so on. °

An object of the present invention is to
provide a charging circuit for effecting a
controlled reduction of the trickle charging
current, wherein disadvantages of the kind
mentioned above can be avoided or at least
minimised.

According to the invention therefore
there is provided a battery charging circuit
for recharging an accumulator battery
comprising: a power supply for supplying
power to the battery to charge same, said
supply being operable at two set voltage
levels; a current monitoring device for
monitoring the charging current drawn by
the battery; and a regulation circuit which,
in use, receives information from the
current monitoring device and acts to
change the mode of operation of the power
supply from the higher to the lower of said
voltage levels when the charging current at
said higher voltage level falls below a
predetermined high current value,
characterised in that the regulation circuit
also acts to change the mode of operation of
the power supply to said higher voltage level
whenever the charging current (as sensed by
the current monitoring device) rises above a
predetermined low value, which is lower
than said high current value, at said lower
voltage level.

Considerable advantages can be obtained
by changing the output voltage of the
charging circuit to a lower level at a
predetermined low value of the trickle
charging current, e.g. when the terminal
voltage of the battery has reached its
maximum value and only a low trickle
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charging current is flowing. Said change of
the output voltage of the circuit may be
such that the output voltage is less than the
terminal voltage of the battery whereby the
current falls to zero, or rather falls to a very
low current, utilised for sensing the terminal
voltage of the battery, which flows from the
battery to the charging circuit. The battery
is then not charged for a certain period of
time. During this period of time no energy is
wastefully utilised for maintaining an
unnecessarily high terminal voltage. Also,
the battery acid has time to reach
equilibrium and the battery has time to
cool. Of course, the weight and composition
of the battery acid is changed, and
consequently also the terminal voltage of
the battery, if the battery is not charged for
a prolonged period of time. This self-
discharge of the battery lowers its capacity,
and reduces its terminal voltage. When the
terminal voltage of the battery sinks below
the low level output voltage of the charging
circuit, trickle charging current starts
flowing again. This current is considerably
lower than the current needed for
maintaining a high terminal voltage, and
most often it is sufficient to compensate for
the self-discharge, whereby the capacity of
the battery can be maintained. In the event
that the battery is loaded or a high self-
discharge occurs, this results after some
time in a slightly increased trickle current.
Such increase in trickle current indicates
that appreciable capacity reduction has
occurred and compensation is required.
This compensation is effected in that when
the trickle charging current reaches a
predetermined value at the said lower
voltage level, the circuit commences a new
charging cycle having the following phases:

a) The battery is recharged to a
predetermined “high terminal voltage.

b) The charging current is allowed to fall
in accordance with the requirements of the
battery at the “high” terminal voltage.

c) The output voltage of the circuit is
changed to the “low” value, whereby
chargling ceases. )

d) The charging current is supervised and
a new charging cycle commences when the
charging current reaches a certain
predetermined value at the low voltage
level.

With this arrangement the total energy

consumption for maintaining a certain
battery capacity can be lower than with a
continuous trickle charging current.
Furthermore there is the possibility of
adjusting the charging process manually
without adversely affecting the charging.
New batteries have a low self-discharge and
need a low trickle charging current in so far
as they can keep a relatively high terminal
voltage after having been fully charged.

This is not the case with used batteries. The
terminal voltage after full charging sinks
more rapidly than with new batteries,
whereas full charging necessitates the same
high terminal voltage as for new batteries.
When charging with a continuous trickle
charging current at constant voltage more
current is fed into a used battery than into a
new one, although the current demand at a
lower voltage level is close to the current
demand of a new battery.

With the arrangement of the invention it

is possible to provide for the charging
conditions to be regulated in dependence
on the condition of the battery by manually
varying the current limits at which the
circuit shall change its voltage level.

With a used battery the current demand
of which is unnecessarily great at the high
terminal voltage, a higher current limit can
be selected at which the voltage level is
changed downwardly for reducing the
trickle charging current.

Full charging is then effected at the
higher voltage level and may proceed as fast
as with new batteries, but the trickle
charging process is not prolonged
unnecessarily due to the higher, manually
set, current level limit. At the lower voltage
level the current demand is considerably
lower; the rest period can be assumed to be
as long as with fresh batteries before a
change of the voltage level upwardly takes
place.

Accordingly, with the arrangement of the
invention the battery is fully charged, there
is then a change of voltage level
downwardly to prevent an unnecessarily
high trickle charging current during an
unnecessarily long time, and the voltage
level is changed upwardly to ensure a
maintained capacitor for the battery.

The invention will now be described
further by way of example only and with
reference to the accompanying drawings, in
which:—

Figure 1 is a circuit diagram of one form
of a battery charging circuit according to
the invention;

Figure 2 illustrates the variation of the
charging current with the circuit of Figure
1; and

Figures 3 and 4 are circuit diagrams of
further embodiments.

The circuit of Figure 1 incorporates a full
wave rectifier D,—D, connected to a.c.
mains supply via a transformer T1. The
output of the rectifier is connected to an
accumulator battery E via a controlied
rectifier Q1. Certain parts of the circuit are
identical with those of the circuit disclosed
in Swedish Patent Specification No. 356,854
and reference is made thereto for further
details thereof.

As described in the Swedish Patent
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Specification, the output of the rectitier
D,—D, is controlled by switching of
rectifier Q1 which in turn is controlled by
transistor Q5. Transistor Q5 is controlled
by transistor Q4 in accordance with
battery voltage across resistors R,, R,
which is compared with a reference voltage
applied to the control electrode of transistor
Q14 from the potential divider resistors R,,
Pl, R,.

The said circuit of the Swedish Patent
Specification is supplemented with a shunt
circuit connected to the voltage divider R,,
P1 and R,, and with a capacitor C, with
associated charging and discharging
components.

The shunt circuit consists of a resistor R,
and a transistor Q, with associated base
drive resistors R, and R.

As a charging component for the
capacitor C, there is a resistor R,
connected to the battery. As discharging
components for the capacitor C, there are a
transistor Qp and a collector resistor R,
connected between the capacitor C, and
the charging resistor R;,. Between the base
of the transistor Q, and the collector of a
transistor Q5 of the charging circuit there is
connected a resistor Rg.

As explained hereinafter, the capacitor
C, is used to monitor current flow to the
battery, and components R,, R, Q, actas a
regulation circuit to control switching of
resistor R, in and out of connection across
resistor Ry thereby to control switching of
the reference voltage applied to the control
electrode of transistor Q4 between two
different levels.

The circuit portion described above
operates in the following way.

At the beginning of the charging process
C, is charged to the full battery voltage
when the battery is first connected to the
circuit and the mains switch is switched on.
Full battery voltage across C, results in the
actuation of Q, to connect R, in parallel
with R8. Initially therefore the circuit
commences operation whilst set at the
lower voltage level hereinbefore discussed.
Despite this, the charging current can be as
high as when the circuit is set at the high
voltage level in so far as that the circuit does
not affect the actual source voltage of the
circuit. At the beginning of the recharging
process of a battery which is not fully
charged QS is continuously blocked so that
Q! allows passage of a full charging current.
The set voltage level does not change until
the battery reaches the set high voltage
level. Qg then opens since it receives control
current via R;, C, is discharged, Q, is
blocked and the circuit passes into the
higher voltage level, although still without
influence on the charging current.

After the terminal voltage of the battery

has reached the set high voltage level, Q4
and Q5 are forced to conduct initially for
short time intevals and subsequently for
longer, time intervals. Q1 is blocked during
corresponding time intervals and the
charging current is consequently reduced to
}he value needed to maintain the set voltage
evel.

Due to the fact that the battery voltage is
constant the charging current is now
determined solely by the conducting and
blocking time of QJ5, i.e. of the quotient
tplock/teonduet- TH€ same is true for the
discharging current of C,, which ceases
every time Q5 is conducting. The voltage
across C, thus rises with increase in
conduction time of Q5 and the magnitude
thereof is determined solely by the above
mentioned quotient, since the discharge
takes place at constant battery voltage via

E-

The relationship between the charging
current and the voltage across C, is
inversely proportional, i.e. at low charging
current the voltage across C, becomes high.

Q, senses the voltage across C, via the
voltage divider R,, R, which can be
dimensioned so that Q, is actuated at a
desired voltage across éA, i.e. at a desired
charging current. When Q, is actuated R, is
connected in parallel to R8 as described
above, whereby the reference voltage
applied to Q4 is reduced corresponding to
change of the unit to the lower voltage level.
After this reduction, the prevailing battery
voltage as compared by the transistor Q4
with the reference voltage is found to be too
high and Q5 is actuated to switch off Q1 and
stop feed of charging current pulses to the
battery. The voltage across C, is therefore
further increased and the change to the
lower voltage level is enhanced.

Without flow of charging current the
terminal voltage of the battery falls and
eventually it falls also below the said lower
voltage level. Thereby Q4 and QS5 cause Q1
to conduct whereby charging current starts
flowing. At the same time C, is somewhat
discharged and its voltage falls. The
charging current is determined at this
voltage level by the battery and its loading,
if any. The current becomes as high as is
needed to maintain the set lower voltage
level at the battery. Also now the inversely
proportional relationship between the
charging current and the voltage over C, is
valid. If the current demand of the battery is
great the voltage over C, will sink below the
level at which Q, changes from the
conducting to the non-conducting state,
Thereby the parallel circuit relationship
between R8 and R, is destroyed and the
reference voltage is increased to the original
value. The circuit changes again to the
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higher voltage level. The change is also in
this case cumulative.

The transition between the lower voltage
level and the higher one takes place at a
lower charging current than when the
transition takes place in the opposite
direction. -

This is due to the lower battery voltage
that charges C,. The above mentioned
quotient between the blocking time and the
conducting time can be lower, ie. the
discharging current of C, can be lower, to
cause the voltage across C, to reduce to the
change-over value if R, is connected to the
lower voltage.

The upper voltage level is determined by
the voltage divider R7—P1—R8, and the
lower one by R, in combination with R8. At
a determined relationship between the
components included in the voltage divider
R;, R the current limits are affected by the
relationship between R, and R;. If these
two resistors each, or together, are replaced
by a potentiometer the current limit can be
continuously controlled.

The variation of the charging current with
time is illustrated in Figure 2. After the
main charging process (that can be carried
out with decreasing current magnitude,
constant current magnitude, or a
combination thereof) the charging process
is changed to constant U, the charging
current then falling with time. At a certain
set low current, charging ceases, and starts
again after a cerfain time of rest. With
continued increase of the current a
maximum value is obtained and a new
charging process is started.

The same charging process can be
obtained with the circuit of Figure 3, in
which the charging circuit includes a
transformer of the constant voltage type
(ferroresonant transformer, parametrically
connected transformer, and so on).

TR 31 is a ferroresonant transformer with
compensation and neutralization windings
giving a constant voltage and having current
limiting properties. The AC voltage of the
transformer is rectified by a diode bridge
D31—D34 and the resulting pulsating direct
voltage is supplied to the battery B via a
current relay ReA.

The terminal voltage of the battery is
supervised by a voltage relay consisting of a
zener diode Z3B and a relay ReB. :

The voltage relay ReB is deenergized
with its contacts open when the battery is in
a discharged condition. The current relay
ReA is set to the lower current limit.
Charging then starts in correspondence with
the lower voltage level but the current
demand of the battery is great and sufficient
charging current flows even at this voltage
to operate ReA.

The relay ReA when operated connects

capacitors C3A and C31 in parallel,
whereby the circuit changes to the upper
voltage level and the charging current
increases further.

The voltage relay ReB functions 70
immediately below the highest terminal
voltage and the resistor R3A is connected in
parallel with the coil of ReA, whereby its
sensitivity is reduced to a certain current
value, that is, the upper current limit. When 75
the charging current falls below this current
value ReB releases and C3A is
disconnected from C31, whereby the circuit
changes its voltage level downwardly.

The charging process is discontinued and 80
the battery voltage reduces. Also ReB
releases eventually and disconnects R3A
from the current relay, the sensitivity of
which thereby increases.

When the charging current at this voltage 85
level reaches the value at which ReA
operates, the voltage level changes again
and the process is repeated. The voltage
levels of the circuit can be set by means of
C31 and C3A; the current values 90
determining the changes are chosen by
means of ReA and R3A.

A further embodiment is shown in Figure

In this case the battery is charged by non- 95
pulsating direct current. The circuit partly is
a conventional series regulator consisting of
a NPN-transistor Q41 as a series element,
and a NPN-transistor Q42 as a control
element. The circuit is supplemented by 100
Q4A and Q4B connected as shown. )

Q4A is controlled by the sum of
oppositely directed voltages across R4A
and R4C. The voltage across R4A is
proportional to the output voltage of the
circuit, whereas the voltage over R4C is
proportional to the charging current. When
transistor Q4A is conducting it short-
circuits the base-emitter path of the PNP-
transistor Q4B which becomes blocked and
renders the resistors R4H and R4G
ineffective.

At the beginning of the charging process
the charging current rises to such a high
value that the voltage drop over R4C 115
overcomes the voltage drop over R4A and
actuates Q4A, the transistor Q4B then
becoming blocked. The output voltage of
the circuit then becomes high and is
determined by R44—Rd45 and the zener 120
diode Z41.

When the battery has been charged to
this voltage, the current is reduced by Q42
conducting more and Q41 being blocked
more. 125

At a determined current (the lower
current limit) the voltage drop over R4C
becomes so low that Q4A is blocked, the
transistor Q4B then becoming conducting.

The potential at the base of Q42 is raised 130
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due to R4H being connected in parallel with
R44, whereby the output voltage of the
circuit is changed to the lower level. The
charging current ceases. The negative bias
across Q4A is reduced, partly due to the
lower output voltage level, partly due to the
fact that R4G is connected into circuit.
After some time, when the terminal
voltage of the battery has sunk below the
lower voltage level the charging current
begins to flow. At a determined current

" value (the upper current limit) Q4A is

actuated again, Q4B is blocked, the
potential at Q42 is reduced, Q42 is blocked,
Q41 is actuated, implying that the voltage
level changes to the higher value and the
charging process is repeated.

With the embodiments described above
full charging can be achieved with careful
energy saving trickle charging for the
battery.

WHAT WE CLAIM IS:—

1. A battery charging circuit for
recharging an accumulator battery
comprising: a power supply for supplying
power to the battery to charge same, said
supply being operable at two set voltage
levels; a current monitoring device for
monitoring the charging current drawn by
the battery; and a regulation circuit which,
in use, receives information from the
current monitoring device and acts to
change the mode of operation of the power
supply from the higher to the lower of said
voltage levels when the charging current at
said higher voltage level falls below a
predetermined high current value,
characterised in that the regulation circuit
also acts to change the mode of operation of
the power supply to said higher voltage level
whenever the charging current (as sensed by
the current monitoring device) rises above a
predetermined low value, which is lower
than said high current value, at said lower
voltage level.

2. A circuit according to claim 1, wherein
the power supply incorporates a rectifier
bridge arranged to be supplied from an a.c.
source, characterised in that the power
supply also incorporates an extra
capacitance connected in parallel with the
source via a switch of said regulation
circuit.

3. A circuit according to claim 2,
characterised in that the switch comprises
contacts of a first relay which forms said
current monitoring device, and a second
relay is provided which operates at the
higher voltage level to connect a resistor
across the winding of the first relay to
reduce the sensitivity thereof.

4. A circuit according to claim 1, in which
said power supply provides a nonpulsating
direct voltage via the collector-emitter path

of a first transistor which is controlled by a
second transistor the base electrode of
which is connected to an output of a first
potential divider connected across the
power supply output characterised in that
there is provided a third transistor having an
emitter-collector path the direction of
conduction of which is opposite to that of
said first and said second transistors, which
is connected between the power supply
output and the base electrode of the second
transistor via a first resistance, the base
electrode of the third transistor being
controlled by said regulation circuit.

5. A circuit according to claim 4,

characterised in that said regulation circuit -

comprises a fourth transistor the emitter-
collector path of which is connected in
parallel to the potential divider the collector
electrode of which is connected to the base
electrode of the third transistor and the base
and emitter electrodes of which are
connected to the emitter electrode of the
first transistor via a second and third
resistance respectively, said second
resistance forming part of a second
potential divider connected in parallel with
the first potential divider and said third
resistance forms said current monitoring
device.

6. A circuit according to claim 1, wherein
said power supply is arranged to provide a
voltage pulsating about the terminal voltage
of the battery and is connected across the
battery via a controlled rectifier, a
comparison circuit being arranged to
compare the terminal voltage with a
reference voltage at a potential divider only
when the terminal voltage exceeds the
pulsating voltage and as a result of the
comparison to bring the rectifier to a
conducting or non-conducting state and
keep it in such a state until the next
comparison occurrence, characterised in
that said current monitoring device
comprises a capacitance which is connected
via a charging circuit across the battery and
controls the connection and disconnection
of a shunting resistor across a portion of the
potential divider.

7. A circuit according to claim 6,
characterised in that connection of the shunt
resistance is controlled by a shunting
transistor.

8. A circuit according to claim 6,
characterised in that the capacitance is
provided with a discharging resistance in
series with the collector-emitter path of a
discharging transistor which is base-
connected so as to be brought into the
conducting state when the rectifier is
conductive.

9. A circuit according to .claim 6,
characterised in that the charging current
limits are continuously controllable.
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10. A circuit according to claim 9, and asillustrated in Figure 1 or Figure 3 or
characterised in that charging and Figure 4 of the accompanying drawings.
discharging resistances included in the Agents for the Applicants,

charging and discharging circuits, SYDNEY E. M'CAW & CO
respectively, each or together form a Chartered Patent Agents ”

potentiometer. 7 Saxone House
11. A charging circuit substantially as 52—56 Market Street,
hereinbefore described with reference to Manchester M1, 1PP.

Printed for Her Majesty’s Stationery Office, by the Courier Press, Leamington Spa, 1981
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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