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(57) Abstract: A method for charging a rechargeable battery (3) of an electric device in different charging steps applying different
charging currents is described, said charging steps comprising at least: - a first charging step applying a first constant charging cur -00 rent (II) to the battery (3) while the battery voltage is smaller than a first voltage threshold (VI) and/or while the battery temperature
is smaller than a first temperature threshold, said first charging (II) current being smaller than a second charging current (12); - a
second charging step applying said second constant charging current (12) to the battery (3) while the battery voltage is higher than

© said first battery voltage threshold (VI) and lower than a second battery voltage threshold (V2) and/or while the battery temperature
is higher than said first temperature threshold and smaller than a second temperature threshold; - a third charging step applying a

v constant charging current (13) to the battery (3), wherein said third constant charging current (13) is switched on every time when the

o battery voltage drops to a fourth voltage threshold (V4) and switched off when the battery voltage reaches a fifth voltage threshold
(V5), and wherein said third charging step providing said repeated switching on and off the third constant charging current (13)
thereby producing current pulses ends if the length of a current pause (Toff) following said current pulse (Ton) equals or exceeds the

o length of p-(k-l)- times the preceding current pulse (Ton) with k being the ratio of constant charging current 13 and the constant
charging current II and p being a defined factor.



METHOD FOR CHARGING A RECHARGEABLE BATTERY OF AN ELECTRIC DEVICE

FIELD OF THE INVENTION

The invention relates to the charging of a rechargeable battery of an electric device such as a

shaver, an epilator, a mixer, a toothbrush or the like appliance used regularly in daily life for

quite a short period during the day. Such appliances are also called household appliances which

generally differ from normal electric appliances in that they are normally used only for short

periods during one day. Short periods cover time periods from I to 5 minutes. Most of the use

occurs in time periods between 1 to 5 or 1 to 10 minutes. The frequency of use per day is

typically in the range of 1 to 15 times of use per day. Often, the times of use per day are below 5

or 10).

BACKGROUND OF THE INVENTION

It is known to charge the rechargeable or secondary battery of an electric device, in particular of

a household appliance, in different charging steps applying different charging currents. Due to

the normal usage behavior, the charging steps regularly differ from standard charging methods,

such as cc-cv (constant current-constant voltage) charging methods.

n a first step, the loading occurs with a low current of e.g. 1/10 C. C refers to the (total) capacity

of the rechargeable battery, e.g. lOOOmAh. With a charging current of IC, the rechargeable

battery would be completely charged after one hour. Accordingly, with a capacity of lOOOmAh,

charging with C would lead to a current of 000mA. The first step of charging is followed by a

second step in which the loading occurs with a high current, e.g. a current of about 1 C . This

charging is normally performed until a voltage threshold and/or a temperature threshold of the

battery is reached. In a third step, the battery is charged with a pulsed charging current.

The voltage threshold, the value of the charging current and the internal resistance of the battery

determine the status of charge that can be maximally reached. For Lithium-ion batteries the

reachable status of charge with this charging method is usually smaller than with a standard cc-cv

charging method.



With deterioration (aging) of the battery its internal resistance is increasing. In consequence, the

maximum reachable status of charge is decreasing with the life time of the battery. This means

that in particular for Lithium ion batteries less electric charge can be loaded during the charging

process though the capacity in the battery' would still be available. The reason is that the voltage

threshold is reached earlier due to the increased internal resistance. In turn, the runtime of the

device or appliance decreases with the lifetime of the battery because the - theoretically available

electric capacity of the battery is not used.

The same is valid at low ambient temperatures as the internal resistance of the battery increases

with decreasing temperature of the battery.

I case of a high internal resistance due to low ambient temperature of e.g. 5 °C and a high

pulsed charging current in the third charging step, a respective voltage threshold for terminating

the charging pulse might be reached even upon switching on the pulsed charging current. As a

result, no effective charging occurs i said third charging step.

The same effect leads to higher voltage pulses or jumps upon switching on the current pulses in

the third charging step. Further, the frequency of switches the current pulses is increased. This

might lead to a worse electromagnetic compatibility (EMC) or a respective technical and cost

effort to avoid the deterioration of the electromagnetic compatibility.

Further, if a device or appliance is not removed form the mains or switched on after a charging

process a pulsed charging current might be provided with a reduced switchirig-off voltage

threshold in order to just compensate for the consumption of the standby current of the device or

appliance and/or the self-discharging of the battery. This leads to retention of the status of

charge. Having a high internal resistance due to any of the before mentioned effects, the reduced

switching-off voltage might be reached immediately upon switching on the current pulse. In this

case the charging of the battery might not compensate for the standby current or the self-

discharging any more.

It is accordingly an object of the present invention to improve a charging method in particular for

household appliances or electric devices which generally are used only for short periods during



one day. In particular, a charging method shall be provided that can also be used for Lithium-ion

batteries.

SUMMARY OF THE INVENTION

Accordingly, the present invention proposes a method for charging a rechargeable battery of an

electric device in different charging steps applying different charging currents, said charging

steps comprising at least:

- a first charging step applying a first constant charging current II to the battery while the battery

voltage is smaller than a first voltage threshold V and/or while the battery temperature is

smaller than a first temperature threshold, said first charging current being smaller than a second

charging current 2 . The first step preferably ends if the battery voltage is exceeding said first

voltage threshold VI and/or said first temperature threshold. Accordingly, in case of low ambient

temperature (and thus high internal resistance of the battery) the process starts with low charging

current compared to the normal charging currents, e. g. 1/10 of the normal charging current

applied in one or more of the following steps. Also a charging current of 1/5 or even 1/3 of the

normal charging current applied in one or more of the following steps might be considered as

small charging current in the context of the invention. It is also advantageous for the lifetime of

the battery to start the charging of a highly discharged battery with said small charging current.

f the criteria for the first charging step are not met, the charging might - upon checking the

criteria for second charging step - directly start with the second charging step, as described in the

following.

- a second charging step following in particular directly to said first step and applying said

second constant charging current 2 to the battery while the battery voltage is higher than said

first batteiy voltage threshold VI and lower than a second battery voltage threshold V2 and while

the batteiy temperature is higher than said first temperature threshold and smaller than a second

temperature threshold. According to the invention, the second charging step might end if the

batteiy voltage is equal to or is exceeding said second voltage threshold V2 and/or if the battery

temperature is equal to or is exceeding said second temperature threshold. The second voltage

and temperature thresholds are higher than the respective first voltage and temperature



thresholds. The second temperature threshold might correspond to a maximum allowed charging

temperature of the battery. The second voltage threshold V2 may correspond to a maximum

allowed charging voltage or be lower than a third voltage threshold V3 being defined as a

maximum allowed charging voltage of e.g. lithium-ion-batteries. At the end of the second step

said second constant charging current is switched off.

- a third charging step following in particular directly to said second step and applying a constant

charging current 3 to the battery. This constant charging current 13 might in particular be higher

than said first constant charging current I and lower than or preferably equal to said second

constant charging current 12, wherein said third constant charging current 3 is switched on every

time when the batteiy voltage drops to a fourth voltage threshold V4 and switched off again,

when the battery voltage reaches a fifth voltage threshold V5. Said fifth voltage threshold V5

might be in particular higher than said fourth voltage threshold V4 and lower than or preferably

equal to said second voltage threshold V2. Said fourth voltage threshold V4 is preferably higher

than the first voltage level V and might be lower than any other voltage level, e.g. V2, V5. Said

third charging step accordingly provides said repeated switching on and off the third constant

charging current 3 thereby producing current pulses Ton. A criterion for the end of the third

charging step is if the length of a current pause Toff following said current pulse Ton, i.e. the

time durance of the constant charging current 13 continuously switched on, equals or exceeds the

length of p-(k-l)-times the preceding current pulse Ton with k being the ratio of constant

charging current 13 and the constant charging current 11 and p being a defined factor.

The factor p expresses that said threshold given by p-(k-l)-times the preceding current pulse Ton

is not a strict but a roughly defined threshold. In a preferred embodiment, the factor p can be

taken from the range [0.9, . . ., 1.1] and/or include all possible values within a ranged defined by a

lower limit p and a higher limit p g , i.e. [ , . . ., Phigh].

f current 13 is considered a high constant charging current and current I is considered a low

constant charging current, said criterion for ending said third step is defined by the average

current covering the period of a current pulse and the subsequent current pause is getting lower

tha the ow constant charging current II. This criterion ensures that the battery is charged with

the highest possible velocity for charging.



According to a preferred embodiment a fourth charging step can be provided following in

particular directly said third step and applying said first constant charging current I I to the

battery while the battery voltage being lower than a sixth battery voltage threshold V6

One major advantage of the proposed method for charging a rechargeable battery is, that in this

fourth charging step the battery is charged with the small (first) constant charging current II. Due

to this small charging current, higher charging states can be reached compared to the application

of a higher charging current. If the first charging current II is in the order of the final charging

current of a conventional cc-ev-chargiiig method, a lithium-ion-battery might reach a charging

capacity of almost 00%.

Another advantage of applying this small (first) constant charging current I is that the lowering

of the charging capacity due to the deterioration of the battery (aging) and/or low temperature

can be at least partly compensated. The lower charging current compensates an increasing

internal resistance such that the voltage drop across the internal resistance is reduced due to the

lower current.

Preferably, the fourth step ends if the battery voltage is equal to or exceeds said sixth battery

voltage threshold V6. When reaching this sixth battery voltage threshold V6, the battery is

completely charged. Preferably, said sixth battery voltage threshold V6 is lower than said second

battery voltage threshold V2 and/or said fifth batteiy voltage threshold V5. Further, said sixth

battery voltage threshold V6 is preferably higher than said first battery voltage threshold V

and/or said fourth battery voltage threshold V4

In order to compensate a possible discharging current of the battery, even without active use of

the electric device, a fifth charging step might be provided following in particular directly said

third step or forth step. During that fifth charging step constant charging current pulses are

applied to the batteiy. The switching on and off of the constant charging current pulses might

occur time controlled. The duration and/or ratio of the pulse on- and pulse off-times might be

constant or variable depending on other parameters such as battery temperature. The constant

charging current pulses might apply preferably said small charging current II .



According to another embodiment said constant charging current pulse in the fifth charging step

might be switched on, if the battery voltage drops below a seventh battery' voltage threshold V7,

and switched off, if the battery voltage exceeds an eighth battery voltage threshold V8 The

seventh battery voltage threshold V7 might preferably be higher than first and lower than the

eighth V8 battery voltage threshold. Further, the seventh battery' voltage threshold V7 might be

higher than the fourth battery voltage threshold V4. The eighth voltage battery threshold V8 is

lower than the third battery voltage threshold V3 defining according to a preferred embodiment

the maximum allowed charging current. Further, the eighth voltage battery threshold V8 might

be lower than the second V2, the fifth V5, the sixth V6 and/or the seventh V7 battery voltage

threshold.

n order to stop the third charging step with the high (second) charging current 2 and start

charging with a lower charging current II, there might be several supplemental criteria used as a

stop criterion for the third charging step. The following criteria might be used alternatively

and/or in any combination:

a defined duration of time has elapsed since the beginning of the third and/or the second

charging step, e.g. 1 hour since the start of the first charging step and/or 3 hours since the start

of the second charging step.

- the length of a current pause (Toff) and/or the length of a current pulse (Ton) in said third

charging step is exceeding a defined threshold.

- the ratio of the duration of a current pause (Toff) and a current pulse (Ton) traverses a defined

threshold.

- the ratio of the duration of two successive current pulses (Ton(n)/Ton(n+l )) and/or the ratio of

two successive current pauses (Toff(n)/Toff(n+T)) traverses a defined threshold.

- the ratio of the duration of one current pulse to the first current pulse (Ton(n)/Ton(l)) and/or

the ratio of one current pause to the first current pause (Toff(n)/Toff(l)) traverses a defined

threshold.



For a l voltage and/or temperature thresholds, the action described before when reaching this

threshold can be performed when the value measured equals this threshold or when the value

traverses this threshold, i.e. exceeds or underruns this threshold. Both meanings are covered with

the definitions described before and/or claimed. This is evident to the one skilled in the art as all

thresholds mentioned in this description define a certain range of threshold which can be varied

without leaving the scope of the invention.

According to a preferred embodiment, the first charging current Imight be about 1/10 C and/or

the second charging current 2 might about 1 C. However, the invention is not limited to these

preferred values. The one skilled in the art is able to choose suited currents and/or voltage

thresholds for a specific appliance. It is nevertheless preferred that the first (smaller) charging

current I is at least the half (or preferred less) of the second (higher) charging current 12. A

preferred ratio of the first to the second charging current is between 5% to 30%, and in particular

between 10% and 20%.

The invention also relates to an apparatus having a charger, a rechargeable battery to be charged

by said charger and a processor with a memory, the processor being adapted to control the

charging of the battery. The processor is adapted to perform the method as described before or

parts thereof. According to preferred appliances, said apparatus is an electric toothbrush, epilator,

mixer and/or an electric shaver.

According to one specific embodiment of the invention, said charger may be integrated in a

docking station of said apparatus. A docking station is defined as a unit separate from the

apparatus. The apparatus might be coupled (or is coupieable) to the docking station, e.g. for

cleaning and/or charging. If coupled to the docking station, the apparatus is considered one unit

with the docking station having by a mechanical and/or electrical engagement.

Finally, the invention relates to a computer program product having program code means which

are stored on a computer-readable medium in order to carry out the method as described before

or parts thereof if the computer program product is executed on a processor of an apparatus

having a charger, a rechargeable battery to be charged by said charger, said processor being

connected or equipped with a memory.



BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1 shows a schematic view of a preferred embodiment of the apparatus according to the

present invention; and

Fig. 2 shows an overview of a preferred embodiment of the method for charging a

rechargeable battery of the electric apparatus.

DETAILED DESCRIPTION OF THE INVENTION

According to a preferred embodiment of the electric device an apparatus 1 is proposed having a

charger 2, a rechargeable battery 3 to be charged by said charger 2 and a processor 4 with a

memory 5, the processor 5 being adapted to control the charging of the battery 3. The processor 2

is adapted to perform the method for charging a rechargeable battery of an electric device as

described later for a specific embodiment.

The apparatus 1 might be an electric toothbrush, an epilator, a mixer, an electric shaver or the

like appliance used regularly in daily life for quite a short period during the day. The use of the

appliance for quite a short period during the day means that a typical use of the appliance lasts 1

to 5 or 1 to 15 minutes. Further, the appliance might be used once a day or a few times a time, the

number of usage per day typically not exceeding 5 to 10 or 15.

According to an embodiment not shown, the charger might be integrated in a separate docking

station for the apparatus. However, when the apparatus is inserted into the docking station,

docking station and apparatus are considered one unit for performing

In Fig. 2, a time diagram is shown representing an overview of a preferred embodiment of the

proposed method for charging the rechargeable battery 3 of the apparatus 1. The diagram

presents besides charging steps 1 to 3 also the optional charging steps 4 and 5 However, the

proposed method can also be realized using only the charging steps 1 to 3.



The charging method can be initiated by connecting the apparatus 1 to the mains by a separate

wire or by inserting the apparatus into a docking station (not shown). Then, the processor 4

initiates the charging process and activates the charger 2

During the first charging step , the battery voltage and the battery temperature are measured. To

this aim, the processor 4 might be a microprocessor equipped with suited sensor ports for

measuring a voltage and a temperature. Alternatively, the processor 4 can be connected to a

suited sensor circuitry (not shown). f the battery voltage is smaller than a first voltage threshold

V and/or if the batter temperature is smaller than a first temperature threshold, a first constant

charging current I applied to the battery 3 by the charger 2. This first step 1 ends if the battery

voltage is exceeding the first voltage threshold and/or the first temperature threshold.

Following the first charging step 1 a second constant charging current 12 is applied to the battery

3 in the second charging step 2. The second charging current 12 is higher than the first charging

current II. For example, the first charging current I is 1/10 C, while the second charging current

is 1C. During this second charging step, the battery voltage is continuously increasing with

transporting charge into the batteiy with the charging current. The second charging step ends if

the battery voltage is equal to or is exceeding said second voltage threshold V2 As a heat

protection, the second charging step 2 is also stopped, if the battery temperature is equal to or is

exceeding a second temperature threshold. A respective temperature control might be realized by

a separate temperature sensor connected to the processor 2 to be able to compare the actual

temperature of the battery with one or more temperature thresholds. t is, however, also possible

that a temperature control is included into the rechargeable batteiy 3 itself. The second voltage

threshold V2 may correspond to a maximum allowed charging voltage or be lower than a third

voltage threshold V3 being e.g. defined as a maximum allowed charging voltage of lithium-ion-

batteries. At the end of the second charging step 2 said second constant charging current 2 is

switched off.

n the following third charging step 3 a third constant charging current 3 is applied to the

battery. Preferably, this third constant charging current 3 is equal to the second charging current

2 . The third constant charging current 3 is switched on every time when the battery voltage

drops to or below a fourth voltage threshold V4 and switched off when the batteiy voltage

reaches a fifth voltage threshold V5. This switched on and off of the third charging current 3 is



repeated thereby producing current pulses. This third charging step ends if the length of a current

pause (Toff) following a current pulse (Ton) equals or exceeds the length of p-(k-l)-times the

preceding current pulse (Ton) with k being the ratio of constant charging current 3 and the

constant charging current 11 and p being a defined factor, preferably in the range between 0.9 und

1.1. As already described there may be other supplemental criteria for stopping this third

charging step.

n order to make use of the almost complete capacity of the battery, in a fourth charging step a

smaller constant charging current, in particular the first constant charging current II, can be

applied to the battery 3 while the battery voltage being lower than a sixth battery voltage

threshold V6. This allows charging even if the internal resistance of the battery 3 is increasing.

In a final fifth charging step constant charging current pulses might be to the battery applied to

the battery to compensate for a possible self-discharging current of the battery. Said constant

charging current pulses in the fifth charging step might be switched on, if the battery voltage

drops below a seventh battery voltage threshold V7, and switched off, if the battery voltage

reaches or exceeds an eighth battery voltage threshold V8. This fifth charging step might

continue until the apparatus 1 is disconnected from the mains. The constant charging current of

the charging pulses preferably corresponds to the smaller first charging current I .

The dimensions and values disclosed herein are not to be understood as being strictly limited to

the exact numerical values recited. nstead unless otherwise specified, each such dimension is

intended to mean both the recited value and a fanctionaliy equivalent range surrounding that

value. For example, a dimension disclosed as "40 mm" is intended to mean "about 40 mm."

While particular embodiments of the present invention have been illustrated and described, it

would be obvious to those skilled in the art tha various other changes and modifications can be

made without departing from the spirit and scope of the invention. It is therefore intended to

cover in the appended claims all such changes and modifications that are within the scope of this

invention.



CLAIMS
What is claimed is:

1. Method for charging a rechargeable battery (3) of an electric device in different charging

steps applying different charging currents, said charging steps comprising at least:

a first charging step applying a first constant charging current (II) to the battery (3) while the

battery voltage is smaller than a first voltage threshold (VI) and/or while the battery temperature

is smaller than a first temperature threshold, said first charging (I ) current being smaller than a

second charging current ( 2);

a second charging step applying said second constant charging current ( 2) to the battery (3)

while the battery voltage is higher than said first battery voltage threshold ( ) and lower than a

second battery voltage threshold (V2) and/or while the battery temperature is higher than said

first temperature threshold and smaller than a second temperature threshold;

a third charging step applying a constant charging current ( 3) to the battery (3), wherein said

third constant charging current ( 3) is switched on every time when the battery voltage drops to a

fourth voltage threshold (V4) and switched off when the battery voltage reaches a fifth voltage

threshold (V5), and wherein said third charging step providing said repeated switching on and off

the third constant charging current (13) thereby producing current pulses ends if the length of a

current pause (Toff) following said current pulse (Ton) equals or exceeds the length of p-(k-l)-

times the preceding current pulse (Ton) with k being the ratio of constant charging current (13)

and the constant charging current (II ) and p being a defined factor.

2. Method according to claim 1 characterized by a fourth charging step applying said first

constant charging current (II) to the battery (3) while the battery voltage being lower than a sixth

batter}' voltage threshold (V6).

3. Method according to claim 1 or 2, characterized by a fifth charging step applying

constant charging current pulses to the battery (3)



4. Method according to any of the preceding claims, characterized in that a supplemental

criterion for the end of the third charging step is that a defined duration of time has elapsed since

the beginning of the third and/or the second charging step

5. Method according to any of the preceding claims, characterized i that a supplemental

criterion for the end of the third charging step is that the length of a current pause (Toff) and/or

the length of a current pulse (Ton) in said third charging step is exceeding a defined threshold.

6. Method according to any of the preceding claims, characterized in that a supplemental

criterion for the end of the third charging step is that the ratio of the duration of a cuixent pause

(Toff) and a current pulse (Ton) traverses a defined threshold.

7. Method according to any of the preceding claims, characterized in that a supplemental

criterion for the end of the third charging step is that the ratio of the duration of two successive

current pulses (Ton(n)/Ton(n+l)) and/or that the ratio of two successive current pauses

(Toff(n)/Toff(n+l)) traverses a defined threshold.

8. Method according to any of the preceding claims, characterized in that a supplemental

criterion for the end of the third charging step is that the ratio of the duration of one current pulse

to the first current pulse (Ton(n)/Ton(l)) and/or the ratio of one current pause to the first current

pause (Toff(n)/Toff(l)) traverses a defined threshold.

9. Method according to any of the preceding claims, characterized in that the first charging

current (II) is about 1/10 C.

10. Method according to any of the preceding claims, characterized in that the second

charging current ( 2) is about 1 C.

11. Apparatus having a charger (2), a rechargeable battery (3) to be charged by said charger

(2) and a processor (4) with a memory (5), the processor (2) being adapted to control the

charging of said battery (3), characterized in that the processor (4) is adapted to perform the

method as described in any of the preceding claims.



12. Apparatus according to claim 11, characterized in that said apparatus (1) is an electric

toothbrush, epilator, mixer and/or an electric shaver.

13. Apparatus according to claim 1 or 12, characterized in that said charger (2) is

integrated in a docking station of said apparatus (1).

14. Computer program product having program code means which are stored on a computer-

readable medium in order to carry out the method according to any one of claims 1 to 10 if the

computer program product is executed on a processor (4) of an apparatus (1) having a charger

(2), a rechargeable battery (3) to be charged by said charger (2).
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