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This invention relates generally to a temperature re 
sponsive control device. It relates more specifically to 
an overheat-protecting device wherein the temperature 
of an element or equipment to be protected is sensed by 
a heat-sensitive element kept in heat-conductive relation 
therewith and when the sensed temperature has reached 
a predetermined value the current to a load circuit in 
cluding said first element or equipment is shut off. 

Various overheat or overcurrent protectors are com 
monly known. It can be, however, generally said that 
this kind of device acts only at a certain critical point to 
shut off the electric current, 

It is however highly desirous to operate these overheat 
or overcurrent protectors within a wide tempeature range 
or along a temperature gradient at variable current incre 
ments in a specific dependence upon such temperature 
gradient. 
The main object of this invention is to realize such 

novel overheat or overcurrent protecting devices which 
have the above mentioned wide temperature dependent 
operating characteristics. 
A further object of this invention is to provide protectors 

of the kind above referred to wherein an attempt to reset 
the circuit will not be successful if the real cause which 
has invited an overheat or overcurrent condition of the 
element or equipment to be protected within the specific 
wide operating range or on the temperature gradient 
should still remain. 

In order to fulfill the above mentioned objects, the de 
vice according to this invention is characterized by the 
provision of a single core, twin-coil relay having two 
contact assemblies and a transistor amplifier circuit, one 
of said contact assemblies being connected with both first 
one of said coils and the load circuit including the element 
or equipment to be protected, the other contact assembly 
being connected with said transistor amplifier controlled 
by said heat-sensitive element so that the operating cur 
rent of the relay is increased or decreased with decrease 
or increase of the temperature of the heat-sensitive ele 
ment. 
These and other objects and advantages as well as the 

essence of the invention will be apparent from the fol 
lowing description taken in connection with the accom 
panying drawing in which a preferred embodiment of the 
invention has been given by way of illustration only. 

Referring to the drawing: 
FIG. 1 is a schematic representation of the preferred 

embodiment; 
FIG. 2 (A), (B) and (C) represents an explanatory 

representation showing three stages of operation of two 
contact assemblies employed in the invention; 

FIG. 3 is a perspective view of an element or equip 
ment to be protected from overheating or overcurrent, 
on the one hand, and a heat-sensitive element kept in heat 
conductive relation with said first element or equipment, 
on the other hand; 
FIG. 4 is a diagram showing the temperature-current 

characteristic of a thermistor employed by way of ex 
ample of the heat-sensitive element; 

FIG. 5 is an example of an idealized temperature 
current characteristic of a semiconductor by way of ex 
ample of the element to be protected; and 

FIG. 6 is a diagram of idealized and practical curves 
of the maximum allowable current of an output circuit 
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which is obtainable by the invention over a wide tem 
perature range (by way of example). 
Now referring to the accompanying drawings, especially 

FIG. 1 thereof, a preferred embodiment of the invention 
will be described in detail. In FIG. 1, 1 denotes a single 
core, twin-coil relay represented schematically in a block 
which includes a common core K, two coils Li and L2 
separately wound therearound and a pair of contact assem 
blies S1 and S2. Contact assembly S1 comprises two 
stationary contacts a and c and a movable contact b 
arranged therebetween. In the similar way, contact as 
sembly S2 has two stationary contacts a' and c' and a 
movable contact b' arranged therebetween. Contact b 
is electrically connected with one end of coil L1 and 
the opposite end thereof is connected through a lead 2 
to a rectifier 3 which is connected in turn with one end 
of the secondary winding 4 of a power transformer T 
having a primary winding 5. 
The primary winding is adapted to be energized from 

a current source 6, for instance, A.C. 100 volts as shown. 
Stationary contact a is connected to any desired load 
circuit (not shown) through a lead 7 and an output ter 
minal 8. The load circuit includes any desired element 
or equipment which should be protected from overheating 
or overcurrent by the arrangement according to the in 
vention. As an example of Such elements, a semiconduc 
tor or power transsistor 30 is shown in FIG. 3. It would 
be easily conceivable that such element or equipment 
may be a power transformer, thermal element, resistor, 
heater or the like. A condenser 9 is connected across 
the coil L1 so as to bypass possible A.C. component feed 
back from the load circuit. Stationary contact c' is 
connected through a lead 10 including a push-off switch 
11 to earth as shown. Stationary contacts c and a' are 
merely backstops. Movable contact b' is connected 
through a lead 12 to the collector electrode of an am 
plifier or sensing transistor Tr. One end of relay coil 
L2 is connected through a lead 13 to a junction 14 in 
the lead 2, while the opposite end of the coil is connected 
through a lead 5 to a junction 16 in the lead 12. A 
condenser 17 is connected across coil L2 so as to suppress 
a possible induced current in the secondary relay coil 
L2 on account of the induction coupling with the first 
relay coil L1. From a junction 18 in the lead 2, a lead 
19 branches off and leads to earth through a thermistor 
20, a junction 21 connected to the base electrode of 
transistor Tr and a variable resistor 22. The emitter 
electrode of the transistor is connected to earth as shown. 
From a further junction 23, a further lead 24 having a 
filter condenser 25 leads to earth which condenser is 
designed and arranged to bypass ripple current com 
ponent coming from the rectifier 3. 
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It is important to note that the contact assemblies S1 
and S2 are so designed and arranged that upon the energi 
zation of the relay, movable contact b' of the second as 
sembly S2 is brought into its conducting position directly 
before the breakage of movable contact b of the first as 
sembly S1. 

In the normal working condition of the load circuit, a 
safe D.C. current flows from earth through a load such as 
semi-conductor 30 shown in FIG. 3, lead 7, contacts a-b, 
coil Li, lead 2, rectifier 3 and the secondary winding 4 
or transformer T. Current also flows from one end of the 
secondary winding 4, earth emitter and collector electrodes 
of transistor Tr, coil L2, lead 13, junction 14, lead 2, rec 
tifier 3 to the opposite end of the said secondary winding. 
The coils L1 and L2 are wound in the assisting direction 
with each other so as to attract both movable contacts b 
and b' towards the coils as, however, because of insuffi 
cient current, the two pairs of contacts a-b and a'-b' 
are kept in engagement as shown. It should be, however, 
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kept in mind that under normal operating conditions with 
the variable resistor 22 properly set, the current flowing 
through coil L2 has a very small value, provided that 
the ambient air temperature is not exceptionally high. 

If an overcurrent should flow through the load circuit, 
and thus through the first relay coil L1, the attractive 
force of the relay will be increased accordingly. Simul 
taneously, the power transistor 30, which is included in 
that load circuit will be heated up beyond the rated value 
and thus thermistor 20 fixedly attached on the transistor 
will be warmed up by the developed heat in the latter. 
As commonly known, the thermistor element has such a 

conducting characteristic that with a temperature increase 
of the element the electric resistance thereof will be corre 
spondingly decreased (see FIG. 4). Thus, under the 
above mentioned overcurrent condition, the bias resistance 
of the sensing transistor will considerably decrease so that 
the collector current will correspondingly increase which 
acts naturally to increase the attracting force of coil L2. 
The increased attracting of the both coils L1 and L2 will 

act to break the both contact pairs a-b and a'-b'. How 
ever, in this case, the second contact pair will separate 
from each other and movable contact b' will be brought 
into engagement with the opposite stationary contact c' 
before the practical commencement of separation of the 
first contact pair a-b, as was already referred to. Should 
there be no such measure, the first contact pair will per 
form a vibration as commonly known to those skilled 
in the art. 
At the transient period, wherein the both contact pairs 

a-b and a'-b' are kept in engagement, the attractive force 
reaches the highest value by the energization of the both 
coils L1 and L2. But, this transient period is only instan 
taneous and the first coil L1 will be de-energized by the 
break of the first contact pair a-b is separated so as to 
break the overload current flowing therethrough. Before 
the occurrence of the break, contact pair b'-c' of the sec 
ond contact assembly S2 is closed and maintained in this 
position even upon the above described break of contacts 
a-b. Upon such a break, a substantial part of the current 
fed from the secondary winding 4 will flow through earth, 
lead 10, the now closed contact pair b'-c', leads 12 and 
15, coil L2, leads 13 and 2 and rectifier 3 again to the 
winding, on account of a considerable resistant value of 
sensing transistor Tr. By presetting the variable resistor 
22 beforehand in the already described way, the current 
passing through the second coil L2 is selected to be 
enough large to close the lower contact pair b'-c' and 
maintain this closed relation. By this action, power cur 
rent flowing through the first coil L1 and delivered from 
terminal 8 to the lead circuit is naturally cut off. 
When the temperature of the semiconductor or power 

transistor 30 to be protected from its overheating is in 
creased under operating conditions for some reason or 
another, the current flowing through transistor Tr will 
correspondingly increase and thus the current through 
second coil L2 will increase by the same amount. This 
means that the relay current closing the contacts b'-c' in 
(creases with increase of the temperature of thermister 20 
or that of the semiconductor 30. In this way, a char 
acteristic curve similar to a hyperbolic of the relay may be 
obtained, as shown by way of example in FIG. 6. Corre 
spondingly, the relay actuation current may be so limited 
to describe a saw-tooth curve (when ideally considered) 
in function of the temperature of the semiconductor or 
the like element to be protected. 

If a person should, upon an actuation of the relay by 
reason of overcurrent in the load circuit, depress the reset 
switch 11 or power switch 31 so as to feed power again to 
the load circuit, the relay will not be actuated since the 
circuit in still under overcurrent condition as above de 
scribed. Only when the temperature of semiconductor 
30 has decreased to a predetermined value, for instance, 
60° C. as shown in FIG. 6, can the arrangement shown in 
FIG. 1 be reset. FIG. 5 shows a rated temperature-cur 
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4. 
rent curve for semiconductor 30 to be protected (by way 
of example). 

It is thus clear that the device explained above works 
within a wide temperature range with correspondingly 
variable relay-actuating current increments in dependence 
on the temperature of the element to be protected (by 
way of example). 
Although the invention has been described in connec 

tion with a semiconductor as the element to be protected 
from overheat or overcurrent, it can be easily understood 
that any desired heat-sensitive element or equipment may 
be used instead of the said semiconductor. 
On the other hand, the thermistor may be replaced by 

any desired heat-sensitive resistant means having thermal 
characteristics other than that specifically described above. 
Although for the purpose of explaining the invention a 

certain particular embodiment thereof has been disclosed, 
obvious modifications will occur to a person skilled in the 
art, and it is not desired to be limited to the exact details 
shown and described. 
The invention having thus been described, that which 

is believed to be new and for which protection by Letters 
Patent is desired, is: 

1. A temperature. responsive control device for protec 
tion of a load against overheat conditions comprising, a 
power source, a reset switch, a single core, two-coil relay 
having two sets of contact assemblies with each of said 
sets having two positions, the first of said contact assem 
blies in a first position being electrically connectable to a 
load to be protected and being electrically connected to 
the first of said coils, the second of said contact assemblies 
in a first position being electrically disconnected from said 
reset Switch and being connected to the second of said 
coils, a transistor amplifier electrically connected to said 
Second coil and to a heat sensitive current-conductive ele 
ment the resistance of which decreases with increase in 
temperature, said transistor amplifier in response to over 
heat condition sensed by said heat sensitive current-con 
ductive element amplifying current from the power source 
to Said Second coil to energize said coil and thereby switch 
both of Said contact assemblies to second positions in 
which said first contact assembly electrically disconnects 
from said load and said second contact assembly electri 
cally connects to said reset switch while maintaining elec 
trical connection to said second coil, whereby said contact 
assemblies are maintained in their second positions and the 
device cannot be reset by operation of the reset switch 
until the overheat condition terminates. 

2. A temperature responsive control device as in claim 
1, wherein said two contact assemblies are arranged so 
that the second contact assembly will switch to its second 
position before the first contact assembly will switch to its 
Second position during an overheat condition. 

3. A temperature responsive control device as in claim 
1, wherein said heat sensitive current-conductive element 
is connected to the base circuit of said transistor amplifier. 

4. A temperature responsive control device as in claim 
1, wherein one end of said second coil is electrically con 
nected to the collector electrode of said transistor amplifier 
and the other end of said second coil is electrically con 
nected to the power source. 
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