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This invention relates to protective devices, and more
particularly to a device by means of which a load may
be automatically protected against overload conditions.
By means of the present invention a load device such
as the miniature motor in a shaving apparatus may be
safely and reliably connected to two or more different
supply voltages. A common arrangement used in the
past includes a current limiting resistor which is usually
arranged in a senies circuit between the supply source
and the load. In this arrangement the resistor can be
short circuited by means of a mechanical switch when
the device is connected to the lower supply voltage. The
resistor and the switch are usually provided in the plug
of the apparatus.

These devices suffer from the limitation that if the
user of the apparatus, when connecting it to the higher
supply voltage, forgets to open the shoricircuit of the
current limiting resistor, the resulting current surge may
overload the apparatus as a result of which it could be-
come defective.

According to the present invention, the function of the
switch is automatically performed by a current dependent
resistor. The invention is characterized by the employ-
ment of the parallel combination of a fixed ohmic re-
sistor whose resistance is substantially independent of
temperature and a resistor having a high positive tem-
perature coefficient (P.T.C.) of resistance. The expres-
sions “fixed resistor” and “resistor having a high positive
temperature coefficient” hold at least in the voltage range
of the said supply voltages. This parallel combination
is arranged in a series circuit between the source of
supply voltage and the load. In particular, the current
dependent resistor has so high a positive temperature
coefficient of resistance that, when connected to the high-
est supply voltage available, it operates in the negative
resistance region of its current-voltage characteristic curve.
In fact, it is preferable that when the current dependent
resistor is connected to the higher supply voltage, it
operates at a considerably lower current than when it
is connected to the lower supply voltage. The wide
variation in resistance of the current-dependent resistor
when connected to the higher or lower supply voltage in
effect acts as an automatic electronic switch.

It is also known to connect an iron resistor having
a rather large positive temperature coefficient in series
with the load, thereby limiting the load current to a pre-
determined safe value. Such a resistor consequently op-
erates as a current limiter and not as an electronic switch.
Undesirable currents in this resistor and temperature vari-
ations will influence the current through the load to a
considerable extent, which in turn adversely affects the
reliability of the device. In the device in accordance
with the invention, a considerable portion of the load
current flows through the fixed resistor connected in par-
allel with the P.T.C. resistor. Therefore, the reliability
of the device has been conmsiderably increased. A fur-
ther difference with respect to the iron resistors previously
used consists in that the P.T.C. resistors used in the
practice of this invention exhibit a high positive tem-
perature coefficient only above a given temperature (for
example 100° C.) and from a given power, respectively.
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Below this temperature, that is to say as low as room
temperature, this resistor may be considered to be an
ohmic resistor which is substantially independent of tem-
perature. However, iron resistors usually exhibit a posi-
tive temperature coeflicient even at room temperatures.
A method of fabricating a P.T.C. resistor particularly
adapted for use with this invention is described and
shown in the British specification 714,965.

It is therefore an object of this invention to provide
an improved protective arrangement which permits a
motor or other device to be safely and reliably connected
to two or more different sources of supply voltage.

It is also an object of this invention to provide an
overload protection arrangement which is of extremely
simple construction and is reliable in operation.

In order that the invention may be readily carried into
effect, it will now be described with reference to the ac-
companying drawing in which:

FIG. 1 shows a device in accordance with the inven-
tion;

FIG. 2 illustrates several waveforms helpful in un-
derstanding the invention including the current-voltage
characteristic of a resistor having a positive temperature
coefficient and the characteristic of the parallel combina-
tion of such a resistor and a fixed resistor which may
be used in the device shown in FIG. 1.

FIG. 3 shows another embodiment of the invention.

FIG. 4 illustrates still another embodiment of the in-
vention,

The device shown in FIG. 1 comprises a load 1, for
example, the miniature motor of an electric shaving ap-
paratus, which may arbitrarily be connected to a higher
alternating supply voltage, for example, of 220 volis,
and to a lower alternating supply voltage, for example,
110 volts, respectively. In the interests of simplicity,
the motor field windings have not been illustrated. To
this end, according to the invention, the parallel com-
bination of @ fixed resistor 3 and a resistor 4 having a
high positive temperature coefficient is provided in series
between the load 1 and the supply voltage 2. The re-
sistor 4 has a current-voltage characteristic I-V as in-
dicated in FIG. 2 by curve 4. The current-voltage char-
acteristic of the parallel combination of resistors 3 and
4 as indicated in FIG. 2 by the curve labelled 3--4.

The circuit arrangement of FIG. 1 is proportioned
so that at the lower supply voltage the parallel combina-
tion of resistors 3 and 4 is operated at the operating
point A, whereas .at the higher supply voltage it is op-
erated at the operating point B, FIG. 2. The straight
lines 1 and 1’ in FIG. 2 indicate the characteristic of
the lcad 1 when connected to supply voltages of 110
volts and 220 volts, respectively.

In a particular embodiment of the invention, the load
1 has a resistance of, for example, 2,000 ohms. The
value of the resistor 3 is, for example, 3,300 ohms. At
the lower supply voltage of 110 volts, the resistor 4 has
a resistance value of 200 ohms. When the device is
connected to the higher supply voltage (220 v.) the re-
sistance of resistor 4 has increased to a value of about
20,000 ohms and a load current flows in the circunit which
corresponds to the operating point B. As can be seen
from the operating point B’ of the resistor 4 alone, this
current has only increased to a slightly higher value than
that of the resistor 3, and the small residual current
actually flowing through resistor 4 has only a slight in-
fiuence on the total current through the load 1.

The circuit arrangement described has the additional
advantage that in the event the rotor of the motor 1 is
braked too strongly, resulting in a sharp reduction in
the counter E.M.F. produced by the motor, the current
flowing through the motor is prevented from increasing
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to a dangerously high value. In other words, the varia-
tion of the resistance value of the P.T.C. resistor 4 also
acts as an automatic electric overload protection in the
event of a sudden braking of the motor.

In order to obtain further overload protection for
the device against the possible connection to an even
higher supply voltage of, for example, 265 volts, another
P.T.C. resistor 5, as shown in FIG. 3, may be added in
series with the elements previously described. The latter
resistor may also be provided instead of the resistor 4, if
its resistance value and its maximum power dissipation
are such that it fulfils the condition for operating point
B of FIG. 2. In other words, replacing the series com-
bination of resistors 4 and 5 by a single resistor 5 requires
that resistor 5 must still remain ohmic at this operating
point, and that it only reaches its P.T.C. range at a higher
power level.

It is of course evident that the arrangements shown in
FIGS. 1 and 3 are not limited to use with the motor load
described, but may be used in connection with any
arbitrary load requiring a similar automatic type of pro-
tection. Whereas in shaving apparatus the protective
device is usually provided in the plug, a device in accord-
ance with the invention may readily be arranged in the
housing of the load itself and thermally isolated there-
from. Consequently, it is possible to use a conventional
plug which results in the total arrangement becoming less
expensive.

The following is a description of an improvement of
the device described.

It has appeared that the load resistance, more particu-
larly the internal resistance of the motor, may show con-
siderable resistance variations which endanger the reli-
ability of the device. Consequently, if the device is
proportioned so that for one value of the load resistance
it renders a reliable switching of the operating point pos-
sible when switching from one supply voltage to the
other, it may happen that when connecting a load with a
comparatively low internal resistance to the lower supply
voltage, the maximum in the I~V characteristic of the
P.T.C. resistor is exceeded and a wrong operating point
is obtained. If, in order to prevent this danger, the
P.T.C. resistor is proportioned so, that the maximum in
its I-V characteristic lies comparatively high, again the
danger exists that when connecting a load with a compara-
tively high internal resistance to the higher supply voltage,
this maximum is not exceeded and too large a voltage is
set up at the load.

According to a further feature of the invention, these
difficulties may be avoided by connecting parallel to the
load, a voltage-dependent resistor having a strongly in-
creasing current conductivity in the voltage range between
the values of the two supply voltages. For this purpose,
parallel to the load 1 a voltags-dependent resistor 6
(V.D.R.), viz. FIG. 4, is connected, the conductivity of
which strongly increases in the range between the values
of the lower and the higher supply voltage. In addition,
the P.T.C. resistor 4 is proportioned so that the maximum
in the I-V characteristic lies considerably higher than
the point of intersection A in FIG. 2. Its characteristic
is represented by the curve 4a and the total characteris-
tic of resistors 3 and 4 by the curve 3-1-4a in FIG. 2.
A load having a considerably smaller internal resistance
than corresponds to the straight line 1 in FIG. 2 will never
be capable of exceeding the maximum in the curve 3--4a
when connecting the device to the lower supply voltage
and consequently it will result in a correct operating
point. i

However, if the load resistance is larger than corre-
sponds to the straight line I, without the resistor 6 the
danger exists that-when connecting the device to the
higher supply voltage the corresponding straight line 1’
intersects the curve 3--4a in the proximity of the current
maximum, so that no switching to the operating point B
would occur, In that case the voltage at the resistors
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3-4 would be small and that at the load would conse-
quently be inadmissibly high.

This latter voltage is so large that when connecting the
device, the resistor 6 is immediately operated at an operat-
ing point where its current permeability has increased
strongly. Its corresponding resistance then may be, for
example, only 1000 ohms and the I~V characteristic of
the parallel combination I, 6 will then correspond, for
example, the curve 1+6 in FIG. 2. In that case the
current flowing in the device rises above the maximum
in the I-V characteristics 34-4a and this current will
rapidly heat the resistor 4 wuntil an operating point is
reached which corresponds approximately to the point B.
As a result of this, however, the voltage drop at the re-
sistors 3—4 increases so strongly that the voltage at the
load 1 and at the resistor 6 respectively is again reduced
to the required lower value. However, at this voltage
the resistor & again has a high value, for example, a few
times 10,000 ohms, so that it causes only a slight addi-
tional current load on the supply source.

In a practical example, with the above proportioning
of the circuit elements 1, 3 and 4, the resistor 6 was chosen
such that at 110 v. it had a value of 27,500 ohms. How-
ever, at 220 v. it had a value of 1,000 ohms.

Although the invention has been described with refer-
ence to three specific embodiments, its principles have
been set forth in sufficient detail to enable those skilled
in the art to design and construct other useful apparatus
embodying these principles.

What is claimed is:

1. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, comprising
a pair of parallel connected resistance elements serially
connected with said energy source and said load device,
one of said resistance elements having a positive tem-
perature coefficient of resistance above a predetermined
voltage level, said positive temperature coefficient resist-
ance element undergoing a variation in resistance between
said first and second voltage levels which produces a lower
value of current flow therein at said second voltage level
than occurs therein at said first voltage level and the
other resistance element having a small temperature co-
efficient of resistance relative to the temperature coef-
ficient of said one resistance element.

2. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, compris-
ing a pair of parallel connected resistance elements
serially connected between said energy source and said
load device, one of said resistance elements having a high
positive temperature coefficient of resistance above a pre-
determined voltage level and a low temperature coefficient
below said predetermined voltage level, said predeter-
mined voltage level occurring at a voltage level of said
energy source which is intermediate said energy source
first and second voltage levels, and the other of said resist-
ance elements having a small temperature coefficient of
resistance relative to the temperature coefficient of said
one resistance element,

3. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, comprising
a pair of parallel connected resistance elements serially
connected with said energy source and said load device,
one of said resistance elements having a positive tem-
perature coefficient of resistance above a predetermined
voltage level which is intermediate said energy source
first and second voltage levels and the other resistance
clement having a temperature coefficient of resistance
which is small relative to the temperature coefficient of
said one resistance glement, and a voltage dependent resis-
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tor connected in parallel to said load device, said voltage
dependent resistor exhibiting a sharply increasing con-
ductivity above a predetermined voltage level intermediate
said energy source first and second voltage levels.

4. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels comprising a pair
of parallél connected resistance elements serially con-
nected between said energy source and said load device,
one of said resistance elements having a region exhibiting
a substantially linear current versus voltage characteristic
below a predetermined voltage level and having a nega-
tive resistance region above said predetermined voltage
level, said predetermined voltage level being interme-
diate in value said energy source first and second voltage
levels, and the other resistance element having a value of
resistance which is substantially independent of tempera-
ture at said first and second voltage levels.

5, Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, compris-
ing first and second parallel connected resistance ele-
ments connected in series circuit with said energy source
and said load device, said first resistance element having
a substantially constant temperature coefficient of resist-
ance at said first voltage level and a high positive tem-
perature coefficient of resistance at said second voltage
level, and said second resistance element having a resist-
ance value substantially independent of temperature at
said first and second voltage levels, said first resistance
element undergoing a variation in resistance such that a
substantially lower current flows therein at said second
voltage level than flows therein at said first voltage level.

6. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, comprising
first and second parallel connected resistance elements, a
third resistance element connected in series circuit arrange-
ment with said parallel connected resistance elements, the
latter circuit being serially connected with said energy
source and said load device, said first resistance element
having a positive temperature coefficient of resistance
above a first predetermined voltage level, said second
resistance element having a temperature coefficient of
resistance which is small relative to the temperature co-
efficient of said first resistance element, and said third
resistance element having a positive temperature coef-
ficient of resistance above a second predetermined voltage
level which is higher than said first predetermined volt-
age level,

7. Apparatus for protecting an electrical load device
adapted for connection fo a source of electrical energy
from an overload condition comprising first and second
parallel connected resistance elements serially connected
with said energy source and said load device, said first
resistance element having a high positive temperature
coefficient of resistance above a predetermined applied
voltage level such that it exhibits a negative resistance
characteristic above said voltage level, said second resist-
ance element having a relatively small temperature co-
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efficient of resistance, said first resistance element under-
going a sharply increasingly value of resistance above said
voltage level thereby to limit the load current to said
load device to a safe value in the event said predeter-
mined voltage level is exceeded.

8. Apparatus as described in claim 7 wherein said load
device comprises the armature of an electric motor and
said overload condition results from a stalled condition
of the motor.

9. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, compris-
ing a pair of parallel connected resistance elements
serially connected with said energy source and said load
device, one of said resistance elements having a positive
temperature coefficient of resistance above a predeter-
mined voltage level and the other resistance element hav-
ing a relatively small temperature coefficient of resistance
at said first and second voltage levels, and a resistance
element connected in parallel with said load device and
having electrical resistance variations as determined by
variations in the voltage applied thereto.

10. Apparatus as described in claim 9 wherein said
voltage dependent resistance element has a high electrical
resistance value upon applying a relatively low voltage
thereto and a low electrical resistance value upon applying
a high voltage thereto.

11. Protective apparatus for an electrical load device
adapted for connection to a source of electrical energy
having first and second voltage levels, said second voltage
level being higher than said first voltage level, comprising
first and second parallel connected resistors serially con-
nected with said energy source and said load device, said
first resistor exhibiting a positive resistance characteristic
at said first voltage level and a megative resistance char-
acteristic at said second voltage level, and said second
resistor has a relatively small temperature coefficient of
resistance.

12. Apparatus as described in claim 11 wherein said
second resistor has a substantially fixed value of resistance
which is substantially independent of temperature at said
first and second voltage levels of said energy source.

13. Apparatus as described in claim 11 wherein said
load device comprises the armature winding of an elec-
tric motor.

References Cited by the Examiner
UNITED STATES PATENTS

1,094,733 4/1914 Lyle cceermemmn 317—41.1
1,225,388  5/1917 Woodbridge -—-——--- 317—41.1
2,086,910  7/1937 Hansell wooememmeao 323—66
2,100,854 11/1937 Xaufmann —-—————- 317—41.1
2,332,073 10/1943 Grierson - 323-—66
2,366,992 1/1945 Willing et al. ————-—- 317—41.1
2,476,330  7/1949 Sitzer ————eeeeem 31741
2,724,761 11/1955 Cisne ~oemecmcmeeen 323—94
2,747,158  5/1956 LeBel oo ooeen 338—20
3,025,455 3/1962 Jonsson - 323—94

ORIS L, RADER, Primary Examiner.



