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This invention relates to temperature control devices 
and more particularly to a temperature control device 
for preventing thermal overload in a body. 
For protecting electical apparatus from thermal over 

load it is possible by means of a temperature-dependent 
element to release a control current which actuates a 
relay included in the circuit for feeding the apparatus, 
which relay switches off or reduces the supply current 
for the apparatus. 
Such a solution is very expensive and it is an object 

of the present invention to provide a device which is 
much simpler and cheaper in this respect. 

In a known device for the electrical heating of an ap 
paratus with automatic temperature control, a resistor 
having a positive temperature coefficient is connected in 
series with the heating element of the apparatus. Said 
resistor fulfills the function of a current-limiting resistor 
and prevents a further rise in current as soon as the ap 
paratus has reached a certain temperature. However, the 
operation of this device is not too reliable since variations 
in the supply voltage or in the heat dissipation of the ap 
paratus bring about corresponding variations in tem 
perature so that there is insufficient protection from a cer 
tain critical temperature being exceeded. Besides, more 
energy is dissipated in said current-limiting resistor upon 
increasing supply voltage so that a risk of overload on 
said resistor and hence inadmissible operation of the 
device is involved. 
The present invention relates to a device for protecting 

an electrical apparatus from thermal overload in which 
a resistor with a positive temperature coefficient (PTC), 
which is thermally coupled to the subject to be pro 
tected, is included in series in the circuit for feeding supply 
energy to the electrical apparatus. Its object is to combine 
the reliability of the first-mentioned device and the sim 
plicity of the second-mentioned device and is character 
ized in that the PTC-resistor has so high a temperature 
coefficient and is in such thermal contact with the sub 
ject to be protected that upon reaching the critical tem 
perature the operating current of the device is shifted 
to the negatively sloped part of the current-voltage char 
acteristic of the PTC-resistor. 

In order that the invention may be readily carried 
into effect, it will now be described in detail, by way 
of example, with reference to the accompanying diagram 
matic drawing, in which: 
FIGURE 1 shows one embodiment of the invention, 

and 
FIGURE 2 shows current-voltage characteristics. 
FIGURE 1 shows a device for heating liquids, for ex 

ample, for boiling water. It comprises a liquid container 
1, a heating winding 2 and a series resistor 3 having a 
positive temperature coefficient. Resistor 3 is connected 
to the supply mains 4 in series with the heating winding. 
According to the invention, the resistor 3 has so high 

a temperature coefficient and is arranged in such thermal 
contact with the wall of the container and with the liquid 
that its current-voltage characteristic (I over V) is shown 
by the curve T in FIGURE 2 at low temperatures and by 
the curve T2 at high temperatures. A resistance element 
exhibiting the type of current versus voltage characteristic 
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illustrated in FIG. 2, and suitable for use in this in 
vention, is described in British Patent No. 714,965, pub 
lished September 8, 1954. The supply voltage is indi 
cated by V, and the load line formed by the heating 
winding 2 is indicated by R. Since the load represented 
by heating element 2 remains substantially constant, load 
line R is a straight line which intercepts the I axis at the 
value of current which would flow in the series circuit for 
a given value V of the source voltage if resistor 3 were 
short circuited. 
When the device is connected to the mains the resistor 

3 shows the characteristic T and is adjusted to Work 
ing-point P whereby a comparatively large current flows 
through the series-arrangement 2-3 and the voltage drop 
across resistor 3 is very low relative to the supply voltage 
V. A considerable amount of heat is thus evolved in 
the heating winding 2 and the temperature rises. As a 
result, the I-V-characteristic of resistor 3 is shifted to 
wards the curve T in FIGURE 2. 
As soon as the points of intersection P1 and Pa of 

said characteristic coincide with the load line R, i.e. 
upon reaching the critical temperature, an instable con 
dition arises and resistor 3 is adjusted to working-point Pa 
in the lower branch of the I-V-characteristic where the 
voltage drop across resistor 3 is substantially equal to the 
mains voltage V and the current is reduced in a stepwise 
manner to a lower value. Consequently, very little heat 
ing energy is then supplied to the container 1 so that 
the temperature cannot rise further. 
The critical temperature at which the points of in 

tersection P and P are coincident depends only very 
little upon the unavoidable variations in mains voltage or 
in the heat dissipation of the device. Upon increasing 
mains voltage V whereby more electrical energy is sup 
plied to the heating winding 2 the operating characteristic 
R is shifted in such a manner that the points of inter 
sections P1 and P approach each other. The heating 
thus becomes greater but the critical temperature at which 
the current flowing through the series-combination 2-3 
declines is also reached sooner. If, however, the resistor 
3 would show the usual current-saturation characteristic 
the device would be adjusted to an increased thermal out 
put of the heating winding upon an increase in supply 
voltage and hence to a new thermal equilibrium at a 
higher temperature. The energy XV dissipated in resis 
tor 3 would then increase considerably since with con 
stant current the voltage across resistor 3 would increase, 
which may result in a material risk of overload. Also 
the heating-up will take place more rapidly or more 
slowly if the heat radiation or other heat dissipation of 
the device varies, but the temperature at which the cur 
rent declines will not substantially vary. 

In a preferred solution, the resistor 3 is brought only 
into temporary thermal contact with the article to be 
guarded. In the device of FIGURE 1 the resistor 3 is 
arranged so as to be exposed to the vapour of the liquid 
present in the container 4. As soon as the liquid is 
boiling and a substantial flow of vapour streaks along 
Said resistor, the thermal contact between resistor 3 and 
the liquid to be guarded will be considerably improved so 
that a very critical switching-off of the current by the 
Series-combination 2, 3 is ensured. 
As a further variant the heating winding 2 and the 

resistor 3 may be combined into one unit wherein the 
former itself has the high positive temperature coefficient 
required. Furthermore, the thermal contact between re 
sistor 3 and the liquid to be guarded, or the container 
1 may be varied by means of a bimetal strip (not shown) 
in order thus to obtain a commutation which is even more 
critical. 

it will be evident that the device may also be used 
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in the heating of solid articles. It may also serve to 
protect an apparatus from thermal overload without elec 
rical heating taking place in the apparatus intentionally. 
What is claimed is: 
1. A temperature control device for protecting a body 

from thermal overload, comprising resistance means hav 
ing a high positive temperature coefficient, and a current 
versus voltage characteristic curve having a first region 
with a positive slope and a second region having a nega 
tive slope, means for thermally coupling said resistance 
means with said body, an electric heating element for 
heating said body connected in Series circuit with said 
resistance means, and input means for Supplying electric 
energy to said series circuit thereby to heat said body to a 
given temperature, said resistance means having a first 
resistance value below said given temperature and a sub 
stantially greater resistance value whenever the tempera 
ture of said body reaches said given temperature. 

2. Apparatus as described in claim in which said 
thermal coupling means provides a variable degree of 
thermal coupling between said body and said resistance 
means which is thermally dependent upon the temperature 
of said body, said thermal coupling between said body 
and said resistance means increasing with the temperature 
of said body. 

3. A temperature control device for protecting a body 
from thermal overload, comprising resistance means ar 
Tanged in thermal coupling relationship with said body, 
said resistance means having a high positive temperature 
coefficient so that it exhibits a negative resistance region in 
its characteristic current versus voltage curve, an electric 
heating element for heating said body connected in series 
circuit with said resistance means, and input means for 
supplying electric energy to said series circuit thereby to 
heat said body to a given temperature, said resistance 
means having a first resistance value below said given 
temperature and a sharply increased resistance value at 
said given temperature of said body whereby said resist 
ance means then operates in its negative resistance region. 

4. A temperature control device for protecting a liquid 
Substance held in a container from excessive heating, com 
prising a resistance element having a high positive tem 
perature coefficient and exhibiting a negative resistance 
region, an electric heating element for heating said liquid 
to a given temperature connected in series circuit with said 
resistance element, said liquid producing a vapour in re 
sponse to the heating thereof, and input means for sup 
plying electric energy to said series circuit thereby to sup 
ply a heating current to said heating element, said resist 
ance element being positioned in said container over said 
liquid in the path of the vapour produced by heating said 
liquid thereby providing a variable thermal coupling be 
tween said liquid and said resistance element, said resist 
ance element having a relatively low resistance value when 
said liquid is below said given temperature, said resist 
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ance value sharply increasing in response to the increased 
thermal coupling produced by said vapour whenever the 
temperature of said liquid attains said given temperature, 
whereby said resistance element operates in said negative 
resistance region. 

5. Apparatus as described in claim 4 wherein said giv 
en temperature is the boiling point temperature of said 
liquid. 

6. A temperature control device for protecting a body 
from thermal overload, comprising resistance means ar 
ranged in thermal coupling relationship with said body, 
said resistance means having a high positive temperature 
coefficient and exhibiting a first region having a substan 
tially linear current versus voltage characteristic and a 
second negative resistance region, an electric heating ele 
ment for heating said body connected in series circuit with 
said resistance means, and input means supplying electric 
energy to said series circuit thereby to heat said body, 
said resistance means being adapted to operate in said 
first region below a given temperature of said body and 
abruptly shifting to said negative resistance region when 
ever said body attains said given temperature thereby sub 
stantially reducing the heating current flowing in said 
series circuit. 

7. A temperature control device for protecting a liquid 
Substance held in a container from excessive heating, com 
prising a resistance element having a high positive tem 
perature coefficient and exhibiting a current versus volt 
age characteristic curve having a first region with a posi 
tive slope and a second region having a negative slope, an 
electric heating element for heating said liquid arranged 
in thermal coupling relationship thereto and connected 
in series circuit with said resistance element, and input 
means for supplying electric energy to said series circuit 
thereby to heat said liquid to its boiling point and pro 
duce a substantial amount of vapour, said resistance ele 
ment being positioned adjacent said liquid in the path of 
the vapour produced thereby to provide a variable degree 
of thermal coupling between said liquid and said resistance 
element, said resistance element having a relatively low 
resistance value when said liquid is below its boiling point 
and sharply increasing in resistance in response to the in 
creased thermal coupling provided by said vapour when 
said liquid reaches its boiling point, whereby said resist 
ance element then operates in said negative slope region 
So as to limit current flow in said series circuit. 
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