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turn off the power supply circuit via the first switch- ing means if the
battery voltage exceeds a thresh- The invention relates to a power-supply
circuit  old value and which subsequently render the circuit for charging a
battery with a charging current,    operative at the instant at which the
battery voltage comprising between a first and a second power   5   has
dropped below a specific second value. As a supply terminal a first series
arrangement of a    result of this the circuit is switched from charging
primary winding of a transformer, a first transistor  to trickle charging
when the threshold value is switch having a control input, a first
resistor, and a  exceeded first time. second series arrangement of a
secondary winding      However, the second switching means in the and a
first diode, which second series arrangement  10  prior art power supply
circuit comprise a compara- comprises terminals for the connection of the
bat-  tively large number of components, which renders tery, a
positive-feedback path between the node of  the circuit more susceptible to
component toleran- the secondary winding and the first diode and the  ces.
control Input of the first transistor switch, which   Therefore, it is an
object of the invention to positive-feedback path comprises the series ar-
15  provide a power supply circuit comprising simple rangement of a second
resistor, a further resistor  switching means for changing over to a
trickle and a first capacitor, the terminal of the first capaci-  charging
mode. In accordance with the invention a tor which is remote from the
second resistor being  power-supply circuit of the type defined In the
coupled to the cathode of a zener diode, first      opening paragraph is
characterized in that the an- switching means for turning off the first
transistor  20  ode of the zener diode is coupled to one end of the switch
at a specific voltage across the first resistor,  first resistor, and in
that the second switching which first switching means comprise a first
input  means comprise a series arrangement of a third coupled to that end
of the first resistor which is  resistor, the main current path of a second
transis- nearest to the first transistor switch, a second input  tor switch
having a control input, and a fourth coupled to that end of the first
resistor remote from   25  resistor, arranged between the first input of
the first the first transistor switch, and an output which is  switching
means and the second power supply coupled to the control input of the first
transistor  terminal, the control input of the second transistor switch,
and second switching means for changing    switch being coupled to the node
between the over from the charging current to a trickle-charging  second
resistor and the first capacitor, a terminal of current above a specific
threshold voltage.   30  the main conduction path of the second transistor
Such a circuit can be employed for exciting a  switch being connected to
the second input of the battery and/or powering a load with an input volt-
first switching means and a third diode being ar- age which may be either
rectified an alternating   ranged in parallel with the second resistor. The
voltage or a direct voltage. In particular such a  additional components in
the circuit required in the circuit is suitable for use in a shaver for
charging   35  circuit for the second switching means comprise the battery
and/or powering the motor.             only three resistors and one
transistor, which A power supply circuit of the type defined In   makes the
power-supply circuit in accordance with the opening paragraph is known from
European      the invention simple to realIse. The voltage which Patent
Application 0,226,253. In this circuit a cur-  appears across the capacitor
during the flyback rent flows through the primary winding during the   40
and which is proportional to the battery voltage at so-called forward
interval, as a result of which  the end of the flyback turns on the second
transis- energy is stored in the transformer. The primary  tor switch at
the end of the flyback. In the case of a current is converted into a
voltage across a resis-  fully charged battery the fraction of the battery
tor. When a specific value of this voltage is      voltage appearing across
the third resistor is large reached the first switching means turn off the
first  45  enough to energise the first switching means and transistor
switch, causing the primary current to be  consequently inhibit the next
forward interval until interrupted. The stored energy is then supplied to
the voltage across the first capacitor has decreased the battery as a
linearly decreasing charging cur-  to such a value that the voltage across
the third rent via the secondary winding and the first diode  resistor is
no longer adequate to keep the first during the so-called flyback interval.
After the   50  switching means energised. In this way a number flyback the
next forward interval is started by the  of forward intervals are inhibited
after a flyback, positive feedback between the secondary winding    causing
the average charging current to decrease and the control input of the first
switch. In this way  and causing the circuit to be changed over from the
battery can be charged comparatively rapidly  the normal charging mode to a
trickle charging with a comparatively large current.          55   mode. In
order to prevent the battery from being         The voltage at which the
change over from damaged by overcharging the known power supply     normal
charging to trickle-charging is effected can circuit comprises second
switching means which     be selected in such a way that it is equal to the
2   



3                 EP 0 383 383 B1                    4 motor voltage of a
motor which can be connected    having its collector connected to the
second power In parallel with the battery by means of a switch.  supply
terminal by means of a series arrangement The power-supply circuit then
constitutes a con-   of an eleventh and a twelfth resistor, the node
stant-voLtage source which, depending on the mo-   between the eleventh and
the twelfth resistor being tor load, is capable of supplying a current
varying   5   connected to the base of a Sixth transistor, whose from  the
trickle-charging current to the normal   collector is coupled to the
control input of the first charging current. The circuit in accordance with
the  transistor switch and, via a second capacitor, to the invention
responds very rapidly to load changes, so  second Input of the first
switching means. that the motor speed remains constant and load-       The
invention will now be described in more independent.
io  detail, by way of example, with reference to the A first embodiment of
a power-supply circuit In  accompanying drawings in which accordance with
the invention may be character-      Fig. 1 shows a first embodiment of a
power- ized in that a series arrangement of a fifth and a   supply circuit
in accordance with the invention, sixth resistor is arranged between the
second input  Fig. 2 shows some characteristic curves to illus- of the
first switching means and the node between   15    trate the operation of
the circuit shown In Fig. 1, the second resistor and the first capacitor,
the     Fig. 3 shows a second embodiment of a power control inpuT of the
second transistor switch being  supply circuit in accordance with the
invention, connected to the node between the fifth and the      Fig. 4
shows a third embodiment of a power sixth resistor, the fifth resistor
being suitably a  supply circuit in accordance with the invention, variable
resistor. The voltage at which the second   20  and transistor switch is
turned on can be defined ac-    Fig. 5 shows a fourth embodiment of a power
curately by means of the fifth and the sixth resistor.  supply circuit in
accordance with the invention. A second embodiment of a power-supply cir-
Fig. 1 shows the circuit diagram of a first cuit in accordance with the
invention is character-  embodiment of a power-supply circuit in accor-
ized in that the fourth resistor is formed by the   25  dance with the
invention. The circuit comprises two series arrangement of two resistors,
whose node is  input terminals 1 and 2 for receiving an input coupled, via
a seventh resistor, to a control input  voltage, which may be a rectified
alternating volt- for receiving a control signal for increasing the  age or
a direct voltage. Arranged between the voltage at which the change-over
from the normal   terminals 1 and 2 is the series arrangement of the
charging current to the trickle-charging current is  30  primary winding n1
of a transformer, the collector effected. This enables a discharged battery
to be  emitter path of a transistor T1, a resistor R1 and rapidly
recharged. This embodiment may be char-   the series arrangement of a
secondary winding n2 acterized further in that, in order to increase the
and a rectifier diode D1. A battery B is connected turn-off voltage, the
seventh resistor is coupled to  between the terminals 4 and 2 and in the
present the positive battery terminal, or in accordance with  35  case the
battery is formed by the series arrange- another embodiment in that the
node between the    ment of two nickel-cadmium cells 9 and 10. A two
resistors is connected to the base of a third  motor M of, for example, a
shaver can be con- transistor, which has its collector and emitter coup-
nected in parallel with the battery B by means of a led to those ends of
the two resistors which are   switch S1. The series arrangement of a
resistor R2, remote from the node, and in that, in order to  40  a
capacitor C1 and a resistor R3 is arranged be- increase the turn-off
voltage, the seventh resistor is  tween the node 5 between the secondary
winding coupled to the emitter of the third transistor.    n2 and diode D1
and the base of the transistor T1. A third embodiment of a power-supply
circuit   A zener diode D2 is arranged between the node 7 in accordance
with the invention is characterized in  of the capacitor C1 and the
resistor R3 and that that the second input of the first switching means is
45  end of the resistor R1 nearest the terminal 4. The coupled to that end
of the first resistor which is  base of the transistor T1 is connected to
the collec- remote from the first transistor switch by means of  tor of the
transistor T1 by means of a starting a voltage source for supplying a
reference voltage  resistor R6. It is to be noted that this resistor may
which decreases as the input voltage increases.    alternatively be
connected to the input terminal 1. These steps prevent the output current
of the pow-  so  The ends 3 and 4 of the resistor R1 are connected er
supply circuit from increasing when the input   to the inputs 16 and 17 of
first switching means 15, voltage increases as a result of the increasing
which have an output 18 connected to the base of switching frequency.
the transistor T1. In the present example the A fourth embodiment of a
power-supply circuit  switching means 15 comprise a transistor T3, hav- in
accordance with the invention is characterized in  55  ing its emitter
coupled to the input 16, having its that the first switching means comprise
a fifth tran-  base coupled to the input 17 and having its collec- sistor
having its emitter connected to the first input,  tor coupled to the second
power-supply terminal 2, having its base connected to the second input and
via the series arrangement of two resistors R7 and 3  



5                 EP 0 383 383 B1                        6 R8. The node
between these two resistors is coup-  transistor at the beginning of the
forward interval is led to the base of a transistor T4, having its emitter
larger, so that the transistor T1 is turned on hard coupled to the second
power-supply terminal and    and the forward interval is started rapidly.
More- having its collector coupled both to the output 18  over, in the
above configuration the transistor T1 is and, via a capacitor C2, to the
input 17. The   5   driven less far into saturation at the end of the
transistors T3 and T4 together with the resistors R7  forward interval, so
that this transistor is cut off and  R8 and the capacitor C2 constitute a
dynamic  more rapidly. Schmitt-trigger circuit. The series arrangement of a
After the transistor T1 is bottomed as de- resistor R4, the
collector-emitter path of a transistor  scribed above the current through
the primary T2 and a resistor R5 Is arranged between the first  10  winding
n1 increases as a linear function of time input 16 and the power-supply
terminal 2. The      during the forward interval. During the forward in-
transistor T2 has its base connected to the node 6  terval the voltage on
the node 5 is positive, so that between the resistor R2 and the capacitor
C1. A    the diode D1 is cut off. The primary current is diode D3 is
arranged in parallel with the resistor  converted into a voltage across the
resistor R1, R2. The emitter of the transistor T2 is connected to  15
which voltage is applied to the series arrangement the end 4 of the
resistor R1 by means of a zener   of the base-emitter junction of the
transistor T3 and diode D4. A diode D4' is arranged in series with the  the
zener diode D4. When the breakdown voltage zener diode D4, the two anodes
or the cathodes     of the zener diode D4 is reached the voltage on the
facing one another.                                base 17 of the
transistor T3 is maintained constant. The operation of the circuit can be
explained   20  As the primary current increases further the voltage as
follows if, for the time being, the effect of the  across the resistor R4
will increase until the thresh- transistor T2, the resistor R5 and the
diode D3 is  old voltage of the transistor T3 is reached and the ignored.
It is assumed that the switch S1 is open  transistor T3 is turned on. The
collector current of and the circuit only supplies the charging current
the transistor T3 drives the transistor T4 into con- for the cells 9 and
10. When an input voltage is  25  duction via the resistors R7 and R8, so
that base present across the terminals I and 2 a small cur-  current is
withdrawn from the transistor T1. The rent will flow into the base of the
transistor T1 via  voltage step appearing on the collector of the tran- the
starting resistor R6, so that said transistor is  sistor T4 is transferred
to the base of the transistor driven partly into conduction. The resulting
current  T3 via the capacitor C2, so that the last-mentioned through the
primary winding n1 results in a voltage   30  transistor is rapidly driven
into full conduction. Con- increase across the secondary winding n2, so
that  sequently, the transistor T3 is turned on hard and the transistor T1
is driven further into conduction as  the transistor T1 is cutt off
rapidly. a result of the positive feedback via the resistor R2,  Since
there is no primary current the polarity of the capacitor C1 and the
resistor R3. As a result of  the voltage across the secondary winding n2 is
the continuing positive feedback the transistor T1 is  35  reversed, so
that the diode D1 is turned on. The rapidly saturated. The voltage across
the secon-   energy stored in the transformer during the forward dary
winding n2 is proportional to the voltage     interval is then supplied to
the battery B in the form across the primary winding nl and hence to the
of a charging current during the so-called flyback. input voltage. The base
current of the transistor T1  This current decreases to zero as a linear
function would therefore be independent of the input volt-  40  of time.
During the flyback the voltage on the end 5 age. This would result in an
increasing turn-off   of the secondary winding n2 is negative and equal
delay of the transistor T1 arise in the case of an  to the voltage across
the diode Dl. At the end of increasing input voltage, which would lead to
an   the flyback the voltage across the winding n2 be- undesirable increase
of the charging current of the  comes zero volts, so that the voltage on
the node 5 battery B. However, the base current of the transis-  45
becomes equal to the battery voltage. This positive tor T1 produces such a
voltage drop across the     voltage step on the node 5 ensures that after
some resistor R2 that the voltage on the node 7 reaches  time the next
forward interval is started time owing the breakdown voltage of the zener
diode D2. As a  to the positive feedback via R2, C1 and R3. result of this
the base current of the transistor T1  In the manner described above the
cells 9 and becomes independent of the input voltage, so that  50  10 can
be charged comparatively rapidly with a everytime the transistor T1 is
saturated to the    comparatively large current, for example a 2C cur- same
extent and the turn-off delay is consequently  rent of substantially 1.2 A
in the case of two 1C independent of the input voltage. The value of the
NiCd rechargeable cells of 1.2 V each. base current is defined by means of
the resistor      In order to prevent the cells 9 and 10 from R3.
Alternatively, the anode of the zener diode D2   55  being damaged as a
result of overcharging the may be coupled directly to the emitter of the
first  power-supply circuit is provided with very simple transistor T1.
However, the configuration in Fig. 1  switching means, which effect the
change over has the advantage that the base current for the    from a
normal charging current to a trickle-charging 4 



7                 EP 0 383 383 B1                    8 current as the cells
are reaching the fully charged  T1 from being turned on again after
turnoff. condition. These switching means comprise the         In order to
eliminate the influence of the inter- transistor T2, the resistors R4, R5
and R11, the  nal resistance on the battery voltage, the detection diode D3
together with the resistor R2, the capaci-  whether the batteries have been
charged adequate- tor C1 and the zener diode D2. The switching   5   ly and
it is necessary to change over to trickle means operate as follows.
charging is effected by detecting the battery volt- When the cells 9 and 10
are being charged the  age at the end of the flyback when the charging
voltage on the emitter of the transistor T3 is at  current is zero. At the
end of the flyback the least equal to the battery voltage during the for-
voltage across the secondary winding n2 becomes ward interval. The voltage
on the base of the tran-  10  zero volts and the voltage on the node 5
between sistor T2 is equal to the sum of the battery voltage,  the
secondary winding and the diode D1 jumps the breakdown voltage of the zener
diode D2 and   from zero volts to the battery voltage. This voltage the
voltage across the capacitor C1, whose termi-  step is not followed
immediately by the node 6 nal 6, which is situated nearest the terminal 5
of  between the capacitor C1 and the resistor R2, so the winding n2 which
is positive during the forward  15  that the voltage on the base of the
transistor T2 will interval, is positive relative to the terminal 7. There-
not change immediately at the end of the flyback. fore, the sum of the
emitter-base voltages of the  Consequentiy, a voltage equal to the voltage
transistors T3 and T2 is negative, so that the tran-  across the capacitor
C1 will appear between the sistor T2 is cut off during the forward
interval.  emitter of the transistor T3 and the base of the Since in this
situation no current flows into the base  20  transistor T2. During the
flyback said capacitor has of the transistor T2, there will be no voltage
drop  been charged to the battery voltage minus the across R11. At the
beginning of the flyback the    voltage across the diode D2, so that the
voltage polarity of the voltage across the secondary wind-  across this
capacitor C1 is proportional to the bat- ing n2 is reversed, so that the
diode D1 is turned  tery voltage. When the cells have been charged on and
the voltage on the node 5 becomes equal  25  adequately the voltage across
the capacitor C1 will to the negative supply voltage (earth) minus one   be
so large that the transistors T2 and T3 conduct. diode voltage.
Since the zener diode D2 is operated as a As a result of this the capacitor
C1 is re-    diode and remains conductive, the voltage on that charged via
the zener diode D2 and the diode D3.  terminal of the capacitor C1 which is
situated near- The voltage on the node 6, which is coupled to the   30  est
the zener diode D2 remains equal to the dif- base of the transistor T2 via
the resistor R11, is  ference between the battery voltage and the volt-
therefore zero volts. The voltage on the terminal 7  age across the zener
diode D2. As long as the of the capacitor C1 is clamped at a value equal to
switching transistor T1 remains off the node 5 will the battery voltage
minus one diode voltage by     remain at the battery voltage. The terminal
of the means of the zener diode D2 which is operated as   35  capacitor C1
nearest said node then gradually a diode during the flyback. The voltage on
the     adopts this voltage, the time constant being dic- emitter 16  of
the transistor T3 is equal to the    tated by the RC time of the circuit
comprising R2 battery voltage. The voltage difference between the  and C1.
As long as the voltage is sufficiently high emitter 16 of the transistor T3
and the node 6 is  the tranisstors T2 and T3 remain conductive. As a then
equal to the battery voltage. The resistor R11   40  result of this the
transistor T1 remains cut off, now functions as a current-limiting resistor
for the  thereby inhibiting the start of the next forward inter- base
current of the transistor T2, so that the sum of  val. The transistor T2 is
then maintained in conduc- the two base-emitter voltages cannot become too
tion to a suitable extent. If the slight voltage drop large. In particular
at the beginning of the flyback,  across the resistor R1 and the
collector-emitter the voltage across the battery is substantially high-  45
voltage across the transistor T2 are ignored the or than the actual battery
voltage as a result of the  voltage across the resistors R4 and R5 will be
voltage produced across the internal resistance of  equal to the battery
voltage. The transistor T3 then the battery by the charging current. Under
normal  remains in the conductive state until the voltage conditions the
voltage across the base-emitter junc-  across the capacitor C1 has
decreased so far that tions of the transistors T2 and T3, at the beginning
so  the transistor T2 is cut off and the voltage across of the flyback, is
therefore higher than two base-  the resistor R4 becomes too small to
maintain emitter voltages, so that the transistors T2 and T3  conduction of
the transistor T3. The next forward will conduct. As long as the transistor
T2 draws   interval can then be started. At least one base- enough current
the resistor R4 will maintain an    emitter voltage remains available on
C1, so that T1 adequate base-emitter voltage across the transistor  55  is
immediately driven into conduction at the begin- T3 to keep this transistor
T3 In the conductive state  ning of the forward interval. Thus, when a
specific and, via the transistor T2, the switching transistor  battery
voltage is reached and the cells have been T1 in the cut-off state. This
prevents the transistor  charged adequately a number of forward intervals 
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after every forward interval, thereby  across the resistor R12. When the
transistor T2 is reducing the average charging current. In this way
bottomed during the flyback the voltage divider it is possible to change
over, for example, from an  comprising the resistor R4 and the resistor R5a
12 A charging current to a 0.12 A trickle-charging  then ensures that again
a fraction of the voltage current.                                       5
across the resistor R12 appears across the resistor Fig. 2a shows
diagrammatically the primary      R4. By suitably dimensioning the
resistors R4 and current in the trickle-charging mode, the sup-     R5a the
transistor T3 can be turned on at 2 higher pressed forward intervals being
indicated in broken  battery voltage than that at which the transistor T3
lines. Fig. 2b shows diagrammatically the average  is turned on in the
absence of a signal on the charging current as a function of the battery
volt-  10  signal input 25. This changing over to the trickle- age.
charging current is possible at a higher battery In the circuit arrangement
shown in Fig. 1 the  voltage than during normal use. This possibility can
changeover point from the normal charging current  be utilised in order to
recharge drained batteries to the trickle-charging current can be situated
at  very rapidly. Moreover, the present embodiment any desired voltage, for
example, the motor volt-  15  comprises a light-emitting diode D7 and a
resistor age. In that case the power-supply circuit will op-  R9 arranged
in series between the positive terminal erate as a constant-voltage source
when the switch  4 of the battery and the base of the transistor T1. S1 is
closed, which source depending on the load   In the charging mode the diode
D7 will blink at of the motor is capable of supplying an output      such a
frequency that it gives the impression of a current ranging from the
trickle charging current to  20  continuously lit diode. The diode D7 thus
functions the normal charging current. This prevent the sup-  as a battery
charging indicator. ply voltage of the motor and hence the speed of
Fig. 4 shows a third embodiment of a power- the motor from increasing as
the load increases.   supply circuit in accordance with the invention, The
circuit described herein exhibits a steep  identical parts bearing the same
reference numer- dependence between the delivered current and the   25  als
as  in Fig 3. The rate at which the primary voltage, so that in the case of
a load variation of  current increases as a linear function of time during
the motor the current supplied to the motor varies  the forward interval is
proportional to the input rapidly between 0.12 A and 1.2 A and the motor
voltage. For an increasing input voltage the primary speed remains
constant.                            current value of which the transistor
T1 is turned Fig. 3 shows a second embodiment of a pow-   30  off is
therefore reached increasingly faster. This er-supply circuit in accordance
with the invention.  results in a higher switching frequency of the pow-
Identical parts bear the same reference numerals   er supply circuit, as a
result of which the average as in Fig. 1. In this embodiment the mains
voltage  charging current increases when the input voltage is applied to a
bridge rectifier G via two terminals  increases. In order to maintain the
charging current 20 and 21. The rectified voltage is smoothed by   35
constant as far as possible when the input voltage means of a filter 22
comprising a coil L1 and two  increases the circuit is provided with input
voltage capacitors C3 and C4 and is subsequently applied   compensation.
For this purpose the zener diode D4 to an input terminal 1. The series
arrangement of a  of the circuit shown in Fig. 3 is replaced by a zener
diode D5 end diode D6 is arranged in par-    reference-voltage circuit,
whose reference-voltage allel with the primary winding to suppress voltage
40  decreases as the input voltage increases. This ref- suges when the
current through the primary wind-   erence-voltage circuit comprises a
series arrange- ing is switched off.                               ment of
resistors R13 and R14, which is arranged A voltage divider comprising the
resistors R10  between the emitter of the transistor T2 and the and R 11 is
arranged between the emitter and the   end 4 of the resistor R1 and whose
node is con- base of the transistor T2, the resistor R10 being   45  nected
to the base of a transistor T6, having its suitably a variable resistor.
This voltage divider  collector connected to the resistor R13, having its
enables the voltage at which the transistor T2 is  emitter connected to the
resistor R14, and having driven into conduction and hence the voltage at
its base connected to the terminal 5 of the secon- which the change-over
from the normal charging     dary winding n2 by means of a resistor R15.
Dur- current to the trickle-charging current is effected to  50  ing the
forward interval a fraction of the voltage be adjusted accurately.
across the resistor R1 appears across the resistor Moreover, the resistor
R5 in the present em-    R14 via the voltage divider R4, R13 and R14 and a
bodiment is split into two resistors R5a and R5b,  fraction of the voltage
across the secondary wind- the node between these resistors being connected
ing n2 appears across this resistor R14 via the to a control input 25 by
means of a resistor R12.  55  voltage divider R15, R14. When the voltage
across When this input 25 is connected to the positive    the resistor R14
reaches the threshold voltage of terminal of the battery a fraction of the
battery  the transistor T6 this transistor is turned on. The 



voltage, for example half this voltage, will appear  collector-emitter
voltage is then equal to the base- 6    11                 EP 0 383 383 B1
12 emitter voltage of the transistor T6 multiplied by a     The invention
is not limited to the embodi- factor dictated by the resistance value of
the resis-  ments shown herein. Within the scope of the tors R13 and R14.
This voltage does not increase      claims modifications will be
conceivable to those any further as the voltage across the resistor R1
skilled in the art. For example, the first and the increases. Whenthe input
voltage increases the    5   second transistor switches may alternatively
com- voltage across the secondary winding n2 increases,    prise compound
transistors or other semiconductor causing the voltage across the resistor
R14 to       switching elements. Moreover, the first switching increase. In
this way it is achieved that for an      means may be constructed in
another way than increasing input voltage the voltage across the re-  shown
and the input voltage compensation means sistor R14 reaches the base
emitter threshold volt-  io   may also be constructed in another way than
age of the transistor T6 at decreasing values of the  shown. primary
current, so that for an increasing input voltage the transistor T1 is
turned off at increasing  Claims values of the primary current. As a result
of this, the average output current of the circuit becomes   15   1. A
power-supply circuit for charging a battery substantially independent of
the input voltage.          (B) with a charging current comprising be- Fig.
5 shows a fourth embodiment of a power          tween a first (1) and a
second (2) power supply supply circuit in accordance with the invention,
terminal a first series arrangement of a primary identical parts bearing
the same reference numer-        winding (N1) of a transformer, a first
transistor als as in Fig. 4. In this embodiment the resistor   20   switch
(T1) having a control input, a first resis- R15 is not connected to the
positive terminal of the    tor (R1), and a second series arrangement of a
secondary winding n2 during the forward interval         secondary winding
(N2) and a first diode (D1), but it is connected to the positive terminal
of the      which second series arrangement comprises primary winding n1.
It is to be noted that alter-        terminals (4,2) for the connection of
the battery natively the resistor R15 may be connected to any   25   (B), a
positive-feedback path between the node other point in the circuit which is
at a voltage         (5) of the secondary winding (N2) and the first
proportional to the input voltage. In the present        diode (D1) and the
control input of the first embodiment the node between the resistors R5a
transistor switch (T1), which positive-feedback and R5b is, moreover,
connected to the base of a         path comprises the series arrangement of
a transistor T7 having its emitter connected to that  30   second resistor
(R2), a further resistor (R3) and end of the resistor R5b which is remote
from the         a  first capacitor (C1), the terminal (7) of the base and
having its collector connected to that end      first capacitor (C1) which
is remote from the of the resistor R5a which is remote from the base.
second resistor (R2) being coupled to the cath- Moreover, the base of the
transistor T7 is con-          ode of a zener diode (D2), first switching
nected to the control input 25 by the resistor R12.  35  means (15) for
turning off the first transistor When the transistor T2 is conductive the
voltage         switch (T1) at a specific voltage across the first produced
across the resistor R5b is higher than the      resistor (R1), which first
switching means (15) threshold voltage of the transistor T7, so that this
comprise a first input (16) coupled to that end transistor will conduct.
The collector-emitter voltage   (3) of the first resistor (R1) which is
nearest to of this transistor is then fixed at a value equal to   40  the
first transistor switch (T1), a second input the product of the base
emitter voltage of the           (17) coupled to that end (4) of the first
resistor transistor T7 and a factor determined by the resis-      (R1)
remote from  the first transistor switch tance values of the resistors R5a
and R5b. The           (T1), and an output (18) which is coupled to
difference between the battery voltage and the           the control input
of the first transistor switch voltage across the transistor T7 appears
across the   45  (T1), and second switching means for chang- resistor R4
and determines whether a change over         ing over from the charging
current to a trickle- to trickle charging is to be effected. By connecting
charging current above a specific threshold the terminal 25 to the emitter
of the transistor T7      voltage, characterized in that the anode of the
the resistors R5b and R12 are arranged in parallel.     zener diode (D2) is
coupled to one end (4) of When the value of the resistor R12 is suitably
50      the first resistor (R1), and in that the second selected relative
to that of the resistor R5b the        switching means comprise a series
arrange- voltage across the transistor T7 is increased. This      ment of a
third resistor (R4), the main current means that a smaller portion of the
battery voltage      path of a second transistor switch (T2) having will
appear across the resistor R4 than in the case      a control input, and a
fourth resistor (R5), ar- that the terminal 25 does not carry a signal. As
a   55  ranged between the first input (16) of the first result of this the
battery voltage at which the          switching means (15) and the second
power 



change-over to trickle-charging is effected will be      supply terminal
(2), the control input of the higher than in the first-mentioned case.
second transistor switch (T2) being coupled to 7    11                 EP 0
383 383 B1                      12                  *  C  L  M  S  *
emitter voltage of the transistor T6 multiplied by a     The invention is
not limited to the embodi- factor dictated by the resistance value of the
resis-  ments shown herein. Within the scope of the tors R13 and R14. This
voltage does not increase     claims modifications will be conceivable to
those any further as the voltage across the resistor R1    skilled in the
art. For example, the first and the increases. Whenthe input voltage
increases the    5   second transistor switches may alternatively com-
voltage across the secondary winding n2 increases,   prise compound
transistorse or other semiconductor causing the voltage across the resistor
R14 to       switching elements. Moreover, the first switching increase. In
this way it is achieved that for an     means may be constructed in another
way than increasing input voltage the voltage across the re-  shown and the
input voltage compensation means sistor R14 reaches the base emitter
threshold volt-  10   may also be constructed in another way than age of
the transistor T6 at decreasing values of the  shown. primary current, so
that for an increasing input voltage the transistor T1 is turned off at
increasing  Claims values of the primary current. As a result of this, the
average output current of the circuit becomes   is   1. A power-supply
circuit for charging a battery substantially independent of the input
voltage.          (B) with a charging current, comprising be- Fig. 5 shows
a fourth embodiment of a power          tween a first (1) and a second (2)
power supply supply circuit in accordance with the invention,
terminal a first series arrangement of a primary identical parts bearing
the same reference numer-        winding (N1) of a transformer, a first
transistor als as in Fig. 4. In this embodiment the resistor   20   switch
(T1) having a control input, a first resis- R15 is not connected to the
positive terminal of the    tor (R1), and a second series arrangement of a
secondary winding n2 during the forward interval         secondary winding
(N2) and a first diode (D1), but it is connected to the positive terminal
of the      which second series arrangement comprises primary winding n1.
It. is to be noted that alter-       terminals (4,2) for the connection of
the battery natively the resistor R15 may be connected to any   25   (B), a
positive-feedback path between the node other point in the circuit which is
at a voltage         (5) of the secondary winding (N2) and the first
proportional to the input voltage. In the present        diode (D1) and the
control input of the first embodiment the node between the resistors R5a
transistor switch (T1), which positive-feedback and R5b is, moreover,
connected to the base of a         path comprises the series arrangement of
a transistor T7 having its emitter connected to that   30  second resistor
(R2), a further resistor (R3) and end of the resistor R5b which is remote
from the         a first capacitor (C1), the terminal (7) of the base and
having its collector connected to that end      first capacitor (C1) which
is remote from the of the resistor R5a which is remote from the base.
second resistor (R2) being coupled to the cath- Moreover, the base of the
transistor T7 is con-          ode of a zener diode (D2), first switching
nected to the control input 25 by the resistor R12.   35  means (15) for
turning off the first transistor When the transistor T2 is conductive the
voltage         switch (T1) at a specific voltage across the first produced
across the resistor R5b is higher than the      resistor (R1), which first
switching means (15) threshold voltage of the transistor T7, so that this
comprise a first input (16) coupled to that end transistor will conduct.
The collector-emitter voltage   (3) of the first resistor (R1) which is
nearest to of this transistor is then fixed at a value equal to   40  the
first transistor switch (T1), a second input the product of the base
emitter voltage of the           (17) coupled to that end (4) of the first
resistor transistor T7 and a factor determined by the resis-      (R1)
remote from  the first transistor switch tance values of the resistors R5a
and R5b. The           (T1), and an output (18) which is coupled to
difference between the battery voltage and the           the control input
of the first transistor switch voltage across the transistor T7 appears
across the   45  (T1), and second switching means for chang- resistor R4
and determines whether a change over         ing over from the charging
current to a trickle- to trickle charging is to be effected. By connecting
charging current above a specific threshold the terminal 25 to the emitter
of the transistor T7      voltage, characterized in that the anode of the
the resistors R5b and R12 are arranged in parallel.      zener diode (D2)
is coupled to one end (4) of When the value of the resistor R12 is suitably
50      the first resistor (R1), and in that the second selected relative
to that of the resistor R5b the        switching means comprise a series
arrange- voltage across the transistor T7 is increased. This      ment of a
third resistor (R4), the main current means that a smaller portion of the
battery voltage      path of a second transistor switch (T2) having will
appear across the resistor R4 than in the case      a control input, and a
fourth resistor (R5), ar- that the terminal 25 does not carry a signal. As
a   55  ranged between the first input (16) of the first 



result of this the battery voltage at which the          switching means
(15) and the second power change-over to trickle-charging is effected will
be      supply terminal (2), the control input of the higher than in the
first-mentioned case.                 second transistor switch (T2) being
coupled to 7    13                 EP 0 383 383 B1                    14
*   C   L  M   S  * the node (6) between the second resistor (R2)
resistor (R1) which is remote from the first and the first capacitor (C1),
a terminal of the     transistor switch (T1) by means of a voltage main
conduction path of the second transistor       source for supplying a
reference voltage which switch (T2) being connected to the second
decreases as the input voltage increases. input (17) of the first switching
means (15) and   5 a third diode (D3) being arranged in parallel   9. A
power-supply circuit as claimed in Claim 8, with the second resistor (R2).
characterized in that the reference-voltage source comprises the series
arrangement of an 2. A power-supply circuit as claimed in Claim 1,
eighth (R13) and a ninth (R14) resistor, whose characterized in that the
circuit comprises a   10  node, by means of a tenth resistor (R15), is
switch (S1) for connecting a motor (M) in par-      coupled to a voltage
terminal (1) arranged to allel with the battery (B).
carry a voltage proportional to the input voltage and coupled to the base
of a fourth transistor 3. A power-supply circuit as claimed in Claim 1
(T6), whose collector and emitter are coupled or 2, characterized in that a
series arrange-  15   to those ends of the eighth (R13) and the ninth ment
of a fifth (R10) and a sixth (R11) resistor   (R14) resistor respectively,
which are remote is arranged between the second input (17) of        from
the node. the first switching means (15) and the node (16) between the
second resistor (R2) and the   10. A power-supply circuit as claimed in
Claim 9, first capacitor (Cl), the control input of the   20  characterized
in that the voltage terminal is second transistor switch (T2) being
connected       formed by the node (5) between the secondary to the node
between the fifth (R10) and the         winding (N2) and the first diode
(D1). sixth (R11) resistor. 11. A power-supply circuit as claimed in Claim
9, 4. A power-supply circuit as claimed in Claim 3,  25    characterized in
that the voltage terminal is characterized in that the fifth resistor (R10)
is a  formed by the input terminal (1) connected to variable resistor.
the primary winding (N1). 5. A power-supply circuit as claimed in Claim 3
12. A power-supply circuit as claimed in any one or 4, characterized in
that the fourth resistor   30  of the preceding Claims, characterized in
that (R5) is formed by the series arrangement of         the first
switching means (15) comprise a fifth two resistors (R5a, R5b), whose node
is coup-       transistor (T3) having its emitter connected to led, via a
seventh resistor (R12), to a control     the first input (16), having its
base connected input (25) for receiving a control signal for       to the
second input (17), and having its collec- increasing the voltage at which
the change-   35    tor connected to the second power-supply ter- over from
the charging current to the trickle       minal (2) by means of a series
arrangement of charging current is effected.                       an
eleventh (R7) and a twelfth (R8) resistor, the node between the eleventh
(R7) and the twelfth 6. A power-supply circuit as claimed in Claim 5,
(R8) resistor being connected to the base of a characterized in that, in
order to increase the   40  sixth transistor (T4), whose collector is
coupled turn off voltage, the seventh resistor (R12) is     to the control
input of the first transistor switch coupled to the positive terminal (4)
of the bat-    (T1) and, via a second capacitor (C2), to the tery.
second input (17) of the first switching means (15). 7. A power-supply
circuit as claimed in Claim 5,  45 characterized in that the node between
the two  13. A power-supply circuit as claimed in any one resistors (R5a,
R5b) is connected to the base       of the preceding Claims, characterized
in that of a third transistor (17), which has its collector  a light
emitting-diode (D7) is arranged between and emitter coupled to those ends
of the two        the control input of the first transistor switch
resistors, which are remote from the node, and   60  (T1) and the positive
terminal (4) of the battery in that, in order to increase the tum-off
voltage,  (B). the seventh resistor (R12) is coupled to the emitter of the
third transistors (T7).          14. A power-supply circuit as claimed in
Claim 12, characterized in that a thirteenth resistor (R9) 8.  A
power-supply circuit as claimed in any one   55    is arranged in series
with the light-emitting 



of the preceding Claims, characterized in that      diode (D7). the second
input (17) of the first switching means (15) is coupled to that end of the
first 8    15                EP 0 383 383 B1                   16 * C   L
M   S* 15. A power-supply circuit as claimed in any one      nung, dadurch
gekennzeichnet, daB die Anode of the preceding Claims, characterized in
that    der Zener-Diode (D2) mit elnem Ende (4) des the first transistor
switch (T1) comprises a tran-  ersten Widerstandes (Ri) gekoppelt ist und
sistor.                                           daB die zweiten
Schaltmittel eine zwischen 5      dem ersten Eingang (16) der ersten
Schaltmit- 16 A power-supply circuit as claimed in any one       tel (15)
und der zweiten Speiseklemme (2) of the preceding Claims 1 to 14,
characterized    vorgesehene Relhenschaltung aus einem drit- in that the
second transistor switch (T2) com-    ten Widerstand (R4), der
Hauptstromstrecke prises a transistor.                              eines
zweiten Transistorschalters (T2) mit ei- 10      nem Steuereingang und
einem vierten Wider- 17. A shaving apparatus, characterized in that it
stand (R5) aufweisen, wobei der Steuereingang comprises a power-supply
circuit as claimed in    des zweiten Transistorschalters (T2) mit dem any
one of the preceding Claims.                  Verbindungspunkt (6) des
zweiten Widerstan- des (R2) und des ersten Kondensators (C1)
PatentansprUche                              15       gekoppelt ist, wobel
ein Ende der hauptstrom- strecke des zweiten Transistorschalters (T2) 1.
Speiseschaltung zum Aufladen einer Battefie        mit dem  zweiten Eingang
(17) der ersten (B) mit einem Ladestrom, wobel zwischen el-
Schaltmittel (15) verbunden ist und wobel zu ner ersten (1) und einer
zweiten Speiseldemme     dem zweiten Widerstand (R2) elne dritte Diode (2)
eine erste Reihenschaltung aus einer Pri-  20  (03) parallelgesehaltet ist.
marwicklung (NI) eines Transformators, elnem mit einem Steuereingang
versehenen ersten      2. Speiseschaltung nach Anspruch 1, dadurch ge-
Transistorschalter (Ti), einem ersten Wider-      kennzeichnet, daB die
Schaltungsanordnung stand (Ri), und eine zweite Reihenschaltung       mit
einem Schalter (SI) versehen ist, durch aus einer Sekundarwicklung (N2) und
einer  25     den ein Motor.(M) zur Batterie (B) parallelge- ersten Diode
(DI) vorgesehen ist, wobei diese     schaltet werden kann. zweite
Reihenschaltung mit Anschlu~klemmen (4,2) zum AnschlieBen der Batterie (B),
einer  3. Speiseschaltung nach Anspruch 1 oder 2, da- positiven
Rtckkopplungsstrecke zwischen dem       durch gekennzeichnet, daB zwischen
dem Verbindungspunkt (5) der Sekundirwicklung   3o    zweiten Eingang (17)
der ersten Schaltmittel (N2) und der ersten Diode (DI) und dem Steu-
(15) und dem Verbindungspunkt (16) des zwei- ereingang des ersten
Transistorschalters (Ti)     ten Widerstandes (R2) und des ersten Konden-
versehen ist, wobei diese positive RUckkopp-      sators (Cl) eine
Reihenschaltung aus einem lungsstrecke mit der Reihenschaltung aus ei-
fOnften (RiO) und einem sechsten Widerstand nem zweiten Widerstand (R2),
elnem weiteren   35  (RI 1) vorgesehen ist, wobel der Steuereingang
Widerstand (R3) und elnem ersten Kondensa-        des zweiten
Transistorschalters (T2) mit dem tor (Cl) versehen ist, wobei der von dem
zwei-    Verbindungspunkt des fUnften (RIO) und des ten Widerstand (R2)
abgewandte Pol (7) des        sechsten Widerstandes (Ri 1) verbunden ist.
ersten Kondensators (Cl) mit der Kathode ei- ner Zener-Diode (D2) gekoppelt
ist, wobei die  40  4. Speiseschaltung nach Anspruch 3, dadurch ge-
Speiseschaltung weiterhin erste Schaltmittel      kennzeichnet, da8 der
farnfte Widerstand (RIO) (15) zum Abschalten des ersten Transistor-
ein einstellbarer Widerstand ist. schalters (T1) be! einer bestimmten
Spannung an dem ersten Widerstand (Ri) enthalt, wobei   5. Speiseschaltung
nach Anspruch 3 oder 4, da- diese ersten Schaltmittel (15) mit elnem ersten
45  durch gekennzeichnet, daB der vierte Wider- Eingang (16) versehen sind,
der mit dem dem       stand (R5) durch die Reihenschaltung aus zwei ersten
Transistorschalter (T1) zugewandten        Widerstanden (R5a, R5b) gebildet
wird, deren Ende (3) des ersten Widerstandes (RI) gekop-
Verbindungspunkt Uber einen siebenten Wider- pelt ist, und mit einem
zweiten Eingang (17),     stand (R1i2) mit einem Steuereingang (25) zum der
mit dem von dem ersten Transistorschalter  5o  Anlegen eines Steuersignals
zur Erhohung der (T1) abgewandten Ende (4) des ersten Wider-
Spannung, bei der vom Ladestrom auf den standes (RI) gekoppelt ist, sowie
mit elnem       Tropfladestrorn umgeschaltet wird, gekoppelt Ausgang (18),
der mit dem Steuereingang des       ist. 



ersten Transistorschalters (Ti) gekoppelt ist, und wobei die
Speiseschaltung ferner zweite  55  6. Speiseschaltung nach Anspruch 5,
dadurch ge- Schaltmittel enthalt zum Umschalten des Lade-     kennzeichnet,
daB zum VergroBem der Ab- stroms auf elnen Tropfladestrom beim Ober-    -
schaltspannung der siebente Widerstand (R1I2) schreiten einer bestimmten
Schwellenspan-         mit dem positiven Pol (4) der Batterie gekop- 9
17                EP 0 383 383 B1                   18     1 I!IIIIJ  L1
111  ll I!I pelt wird.                                        und zwolften
Widerstandes (R8) mit der Basis eines sechsten Transistors (T4) verbunden
ist, 7. Speiseschaltung nach Anspruch 5, dadurch go-      dessen Kollektor
einerseits mit dem Steuerein- kennzeichnet, daB der Verbindungspunkt der
gang des ersten Transistorschalters (Ti) ver- zwei Widerstande (R5a, R5b)
mit der Basis   5     bunden ist und andererseits Ober einen zwei- eines
dritten Transistors (17) verbunden ist,    ten Kondensator (C2) mit dem
zweiten Eingang dessen Kollektor und Emitter mit dem von dem     (17) der
ersten Schaltmittel (15) gekoppelt ist. Verbindungspunkt abgewandten Ende
der bei- den WiderstAnde gekoppelt ist und daB zum     13. Speiseschaltung
nach elnem der vorstehenden Erh6hen der Abschaltspannung der siebente  tO
AnsprUche, dadurch gekennzeichnet, daB zwi- Widerstand (Ri2) mit dem
Emitter des dritten      schen dem Steuereingang des ersten Transi-
Transistors () gekoppelt wird.                    storschalters (T1) und
dem positiven Pol (4) der Battene (B) elne Leuchtdiode (D7) vorge- 8.
Speiseschaltung nach einem der vorstehenden       sehen ist. Ansprflche,
dadurch gekennzelchnet. daB der  16 zweite Eingang (17) der ersten
Schaltmittel   14. Speiseschaltung nach Anspruch 12, dadurch (15) mittels
einer Spannungsquelle zum Uefem      gekennzeichnet, daB in Reihe mit der
Leucht- elner bei zunehmender Eingangsspannung ab-        diode (D7) ein
dreizehnter Widerstand (RB) nehmenden Bezugsspannung mit dem  von
vorgesehen ist. dem ersten Transistorschalter (TI) abgewand-  20 ten Ende
des ersten Widerstandes (Ri) gekop-  15 Speiseschaltung nach elnem der
vorstehenden pelt ist.                                         Ansprfche,
dadurch gekennzeichnot, daB der erste Transistorschalter (Tl) elnen
Transistor 9. Speiseschaltung nach Anspruch 8, dadurch ge-      aufweist.
kennzeichnet, daB die Bezugsspannungsquelle  25 die Reihenschaltung aus
elnem achten (R13)    16. Speiseschaltung nach einem der vorstehenden und
elnem neunten Widerstand (R14) autweist,      AnsprUche 1 bis 14, dadurch
gekennzelchnet, deren Verbindungspunkt mittels eines zehnten      daB der
zweite Transistorschalter (2) einen Widerstandes (Ri5) mit elner
Spannungsklem-       Transistor aufweist. me (1) zum FUhren einer zu der
Eingangs-  30 spannung proportionalen Spannung sowie mit    17.
Rasiergerat, dadurch gekennzeichnet, daB die- der Basis eines vierten
Transistors (TB) gekop-   ses mit einer Speiseschaltung nach einem der pelt
ist, dessen Kollektor und Emitter mit dem    vorstehenden AnsprOche
versehen ist. von dem Verbindungspunkt abgewandten Ende des achten (R13)
bzw. neunten Widerstandes  9s  Revendlcatlons (R14) gekoppelt sind. 1.
Circuit d'alimentation pour charger une batterie .   10. Speiseschaltung
nach Anspruch 9, dadurch ge-     (B) d'un courant de charge, comportant,
entre kennzeichnet, daB  die  Spannungskiemme           une premiere (1) et
se seconde (2) bome durch den Verbindungspunkt (5) der Sekundar-  40
d'alimentation, un premier montage s~rie d'un wicklung (N2) und der ersten
Diode (DI) gebil-    enroulement primaire (Ni) d'un transformateur, dot
wird.                                         un premier commutateur a
transistor (Ti), muni d'une entree de commando, une premie- 11.
Speiseschaltung nach Anspruch 9, dadurch ge-     re rdsistance (Ri) et un
second montage serie kennzelchnet, daB  die  Spannungsklemme   45      d'un
enroulement secondaire (N2) et d'une durch die mit der Primarwicklung (Ni)
verbun-     premibre diode (D1), second montage en s6rie done
Eingangsklemme (1) gebildet wird.            comportant des bomes (4,2)
pour raccorder la batterie (B), un trajet de reaction compris entre 12.
Speiseschaltung nach einem der vorstehenden      le point (5) commun &
I'enroulement secondai- AnsprUche, dadurch gekennzeichnet. daB die  50   re
(N2) et h la premiere diode (D1) et l'entree ersten Schaltmittel (15) einen
fUnften Transi-    de commando du premier commutateur & tran- stor (T3)
aufweisen, dessen Emitter mit dem      sistor (Ti). trajet de r6action
comportant le 



ensten Eingang (16), dessen Basis mit dem         montage serie d'une
deuxieme resistance zweiten Eingang (17) und dessen Kollektor mit-   (R2),
d'une autre resistance (R3) et d'un pre- tels einer Reihenschaltung aus
einem elften  65   mier condensateur (C1), le bome (7) du pre- (R7) und
einem zw8lften Widerstand (R8) mit       mier condensateur (Cl) situ6e a
l'oppose de la der zweiten Speiseklemme (2) verbunden ist,       deuxieme
resistance (R2) etant couplee a la wobei der Verbindungspunkt des emen (R7)
cathode d'une diode Zener (D2), des premiers 10    19                EP 0
383 383 B1                    20                1111111 1 11 Illi 11 moyens
commutateurs (15) pour bloquer le       5. Circuit d'alimentation selon la
revendication 3 premier commutateur a transistor (T1) a une        ou 4,
caract6rise en ce que la quatriame resis- tension d6termin6e aux bomes de
la premiere       tance (R5) est formde par le montage s6rie de resistance
(RI), premiers moyons commuta-          deux resistances (RSa, R5b) dont le
point corn- tours (15) comportant une premibre entree (16)   5  mun est
coupl6, a travers une septibme resis- coupl6e & l'extremite (3) de la
premiare resis-   tance (R12), I une entrd de commande (25) tance (RI) la
plus rapproch~e du premier corn-     pour recevoir un signal de commande
afin mutateur It transistor (Ti), une seconde entree    d'augmenter la
tension a laquelle s'leffectue le (17) couplee a l'extremit (4) de la
premiere       passage du courant de charge au courant de resistance (Ri),
situee a l'oppos6 du premier  io  charge dit d'entretien. commutateur &
transistor (T1), et une sortie (18) couplie a l'entree de commande du pre-
6. Circuit d'alimentation solon la revendication 5, mier commutateur a
transistor (Ti) et des se-      caract6ris6 en ce quo, pour augmenter la
ten- conds moyens commutateurs pour passer, au-         sion de blocage, la
septieme resistance (R12) dessus d'une tension de seuil dgterminde, du   is
est couplee a la borne positive (4) de la batte- courant de charge & un
courant de charge dit       rio. d'entretien, caracteris6 en ce quo l'anode
de la diode Zener (D2) est coupleo a l'une (4) des   7. Circuit
d'alimentation solon la revendication 5, extremites de la premibre
resistance (Ri) et en    caracterise en co quo le point commun aux ce quo
les seconds moyens commutateurs  20         deux resistances (R5a, R5b) est
relie6 a a base comportent un montage serie d'une troisieme        d'un
troisiame transistor (17) ayant son collec- resistance (R4), du trajet de
courant principal   tour et son emetteur couples aux extremit6s d'un second
commutateur a transistor (T2),         des deux resistances, situees a
l'oppose du ayant une entree de commande, et d'une qua-        point commun
et en ce que, pour augmenter la tribme resistance (R5) disposee entre la
pro-  26  tension de blocage, la septieme resistance mibre entree (16) des
premiers moyens corn-        (R12) est coupl6 a l'emetteur du troisieme
mutateurs (15) et la seconde borne d'alimenta-    transistor (17). tion
(2), I'entree de commando du second commutateur a transistor (T2) 6tant
couplee au  8. Circuit d'alimentation solon l'une quelconque point (6)
commun a la deuxibme resistance   30     des revendications pr~cedentes,
caractdrisW en (R2) et au premier condensateur (Ci), une          ce quo la
seconde entree (14) des premiers borne du trajet de conduction principal du
se-     moyens commutateurs (15) est couplee a l'ex- cond commutateur &
transistor (r2) etant reli6e    tr6mite de la premikre resistance (RI),
situee a l la seconde entr6e (17) des premiers moyens       I'oppose du
premier commutateur & transistor commutateurs (15) et une troisieme diode
(D3)  35  (T1) par l'intermediaire d'une source de ten- etant montee en
parallble avoc la deuxiwme         sion pour fournir une tension de
rdfdrence qui r6sistance (R2).                                   diminue
avoc l'augmentation de la tension d'entree. 2. Circuit d'alimentation solon
la revendication 1, caracterise en ce qu'il comporte un commuta-  4o  9.
Circuit d'alimentation solon la revendication 8, tour (Si) pour connecter
un moteur (M) en          caracterise en ce quo la source de tension de
parallble avec la batterie (B).                    refdrence comporte le
montage s~rie d'une huitibme (R1i3) et d'une neuvieme (R1.4) resis- &
Circuit d'alimentation solon la revendication 1    tance dont le point
commun, d'se part, par ou 2, caract6ris6 en co qu'entre la seconde   45
I'intemrddiaire d'une dixieme resistance (R1i5), entrde (17) des premiers
moyens commuta-           est couple a une borne de tension (1) congue
tours (15) at le point (16) commun a la douxib-    pour porter se tension
proportionnelle a la ten- me resistance (R2) et au premier condensateur
sion d'entrde et, d'autre part, & la base d'un (Ci), est dispos6 un montage
serie d'une cin-      quatribme transistor (T6) dont le collecteur et
quieme (RIO) et d'une sixibme (R1i1) resistan-  60  I'emetteur sont couplds
respectivement aux ex- ce, l'entree de commando du second commu-
tremites de la huitibme (R13) et de la neuvib- 



tateur a transistor (T2) 6tant reli6e au point     me (R1i4) resistance
situees a l'oppos6 du commun & la cinquibme (RiO) et a la sixibme
point commun. (Ri 1) resistance. 55  10. Circuit d'alimentation solon la
revendication 9, 4. Circuit d'alimentation selon Ia revendication 3,
caracteris4 en ce quo la borne de tension est caracterise en ce quo la
cinquibme resistance      formde par be point (5) commun a l'enroule- (RIO)
est une resistance variable.                 ment secondaire (N2) et & la
premibre diode    21                 EP 0 383 383 B1                    22
(1111111111 IL1 IIIMI  111 111 (D1). 11. Circuit d'alimentation salon la
revendication 9, caracteris6 en ce que la borne de tension est formee par
la borne d'entree (1) reliee a l'en-   6 roulement primaire (Ni). 12.
Circuit d'alimentation salon l'une quelconque des revendications
precedentes, caracterise en ce que les premiers moyens commutateurs  10
(15) comportent un cinquibme transistor (T3) ayant son emetteur relie a la
premiere entrde (16), sa base reliee A la seconde entree (17) et son
collecteur relie a la seconde borne d'ali- mentation (2) par
l'intermmdiaire d'un montage  it s6rie d'une onzieme (R7) et d'une douzieme
(R8) resistance, le point commun A la onzieme (R7) et & la douzibme (R8)
resistance dtant relie a la base d'un sixidme transistor (T4) dont le
collecteur est couple a l'entr6e de comman-   20 de du premier commutateur
a transistor (T1) et, a travers un second condensateur (C2) a la seconde
entr6e (17) des premiers moyens commutateurs (15). 25 13. Circuit
d'alimentation selon l'une quelconque des revendications pr~c6dentes,
caracteris6 en ce que, entre l'entrde de commande du pre- mier commutateur
a transistor (Ti) et la borne positive (4) de la batterie (B), est dispos6e
une   3a diode electroluminescente (D7). 14. Circuit salon la revendication
12, caracteris6 en ce qu'en serie avec la diode electrolumi- nescente (D7),
est disposee une treizieme re-  35 sistance (R9). g 15. Circuit
d'alimentation solon Iune quelconque des revendications precedentes,
caracterise en ce que le premier transistor (Ti) est constitue   4o par un
transistor. 16. Circuit d'alimentation selon l'une quelconque des
revendications precedentes 1 A 14, carac- terise en co quo le second
commutateur a   45 transistor (T2) est constitue par un transistor. 17.
Rasoir 6lectrique caracterise en ce qu'il corn- porte un circuit
d'alimentation selon I'une quel- conque des revendications precedentes.
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