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UNITED STATES 
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PATENT OFFICE 
2,678,980 

THERMAL PROTITECTION OF CARLES 

Paul C. Hitchcock, Groveland, Mass, assignor to 
The Chase-Shawmut Company, Newburyport, 
Mass. 

Application June 5, 1953, Serial No. 359,721 
(C. 200-14) 8 Claims. 

This invention refers to arrangements for the 
protection against overheating of the insulation 
of insulated electric conductors such as, for in 
Stance, electric cabies. 
An arrangement Which is based on the Same 

principles as my present invention is disclosed in 
the copending patent application of William S. 
Edsall and Paul C. Hitchcock, Ser. No. 222,658, 
filed April 24, 1951, now U. S. Patent No. 2,645,690, 
dated July 14, 1953, for Thermal Protector for 
Conductor Insulation. 

It is one object of my present invention to pro 
vide an arrangement for the protection against 
Overheating of the insulation of insulated electric 
conductors which has all the advantages of the 
arrangement disclosed in the above referred-to 
Copending patent application but is easier to 
manufacture and can be manufactured at con 
siderably lower cost. 
Another object of my present invention is to 

provide an arrangement for the protection against 
Overheating of the insulation of electric Con 
ductors which has all the advantages of the ar 
rangement disclosed in the above referred-to co 
pending patent application but is easier to install 
and to replace. 
Another object of my invention is to provide 

a thermal cable protector controlled by, and di 
rectly responsive to, the i2.r losses occurring in 
an aSSociated cable comprising elements having 
the multiple function of cable connectors and of 
fixed contact members and supports for a rela 
tively novable cooperating contact member. 
Another object of my invention is to provide a, 

thermal cable protector made up substantially of 
tubular inexpensive easy-to-produce parts. 
A further object of my invention is to provide 

a. thernal cable protector of the type having co 
Operating contacts relatively movable in a direc 
tion longitudinally of the protector and normally 
restrained in the closed position comprising an 
insulating follower which fills progressively the 
interrupting gap which forms progressively as 
Said contacts move apart. 
Other objects and advantages of my invention 

will become apparent as this specification pro 
ceeds and the features of novelty of my invention 
are being pointed out with particularity in the 
claims appended to and forming part of this 
Specification. 

For a better understanding of my invention 
reference may be had to the accompanying draw 
ing wherein: 

Fig. 1 is a side elevation of a structure em 
bodying my invention, 
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Fig. 2 is substantially a longitudinal cross-sec 

tional view of the Structure shown in Fig. 1 the 
constituent parts thereof being in the circuit 
closed position, and 

Fig. 3 is Substantially a longitudinal croSS-Sec 
tional view of the structure shown in Figs. 1 and 
2, the constituent parts thereof being in the cir 
cuit Open position. 
In the drawing reference numerals and '' 

have been applied to a pair of coaxially arranged 
spaced substantially cylindrical preferably tubu 
lar conductors. The cable generally indicated by 
the reference numeral 3 comprises the inner core 
portion 3' and the enveloping insulating portion 
3'. Cable 3 is Subdivided into two spaced sec 
tions of which each has a terminal from which 
the insulation has been stripped. The juxta 
posed bare portion or terminals of cable 3 are 
inserted into the tubular conductors f' and f', 
respectively. Conductors f' and '' are indented 
at by means of a suitable high pressure tool, 
Such as a hydraulic press, to establish a firm me 
chanical connection and a highly conductive bond 
between the bare ends of core 3' and conductors 

and ''. Conductors i' and f' are preferably 
made up of copper tubing. A tubular current 
bridge 5 is mounted coaxially on conductors f' 
and f' to carry current from one conductor to 
the other. The right end of conductor or con 
nector " and the left end of conductor or con 
nector ’’ are coated with a suitable soft low 
melting point Solder, e. g. a solder of the kind 
fully disclosed in the aforementioned copending 
Patent No. 2,645,690. These solder coatings in 
dicated by the reference numeral 6 form con 
ductive connections between conductor and 
current-bridge 5 and between current-bridge 5 
and conductor ''. Solder joints 6 restrain nor 
inally the current-bridge 5 in the bridging posi 
tion thereof, i. e. in the position shown in Fig. 2 
wherein conductors i' and ’ are conductively 
interconnected by current-bridge 5. Both solder 
joints 6 are preferably cylindrical or toroidal in 
the form of a fusible film filling the narrow gaps 
formed between conductor and current-bridge 
5, and between conductor ’’ and current-bridge 
5, respectively. 
The above referred-to cylindrical solder joints 
can best be produced by dipping the ends of 

conductors and '' into liquid solder prior to 
the assembly of these two parts in the present 
structure and reheating the solder coating thus 
produced upon mounting of the current-bridge 
5 on conductors' and f'. 
The tubular insulating element 7 consisting of 
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hard fibre or a, like material is slidably mounted 
on conductor f' in abutting relation to current 
bridge 5. The helical spiring 3 is likewise mounted 
on conductor '' and biases both the current 
bridge S and the insulating eleranent or in Sulating 
follower fron iight, to left as seen in Fig. 2. 
The length of the tubular insulating foilayer 

! exceeds the Spacing between the juxtapo8ed 
ends of conductors or connector's ', '', as clearly 
Shown in Sig. 3, SG as to fill the entire gap formed 
between the juxtaposed ends of the parts and 
f' with insulating material when the solder joints 
6 normally restraining bridge 5 become suffi 
ciently soft to yield to the pressure of helical 
Spring 8. 
The tubular insulating spacer 9 is pressed or 

l'ammed into the juxtaposed ends of connectors 
l' and ' ' to maintain the proper spaciing between 
these two parts. Because of this function of 
Spacer 9 this element, ought to be made of a ma-. 
terial having a high degree of dimensional stabili 
ity, even under adverse heating conditions. 
Tubular insulating spacer 9 may be made of a 
Synthetic resin-glass-cloth-laninate which re 
tains its Original dirensions even if subjected to 
the most adverse conditions that may be en 
countered. 
As shown in Figs. 2 and 3, the tubular insulating 

spacer S may be provided with a pair of caps 
or terminal elements closing the sp3.cer 3 and 3 
each in electric contact, with One of the two con 
ductors ', '. Fuisible link : arranged within 
spacer 9 interconnects conductively the pai: of 
caps or terminal elements i 2. A pulverulent 
arc-quenching filler 2 as, for instance, quartz 
Sand is arranged within spacer 8 and surrounds 
the fUSible link : i Fusible link i consistS 
preferably of Silver or copper and is provided with 
a plurality of equidistantly spaced portions of 
reducad CrOSS-Section. Which form Series breaks 
when the link is caused to cally a current, 
greatly exceeding its current-carrying capacity. 
The tubular cu'rent-bridge 5 shunts 3oi'inaly 

the current path comprising connector , left; 
terminal cap i , fuse link f, right terminal cap 
0 and connector ' '. Since the current-carry. 

ing capacity and conductance of the current. 
bridge or shunting element 5 exceeds by far the 
Current carrying capacity and conductance of 
fuse link it, normally virtually all the current 
carried by cable 3 flows through the shunt, path 
5 and virtually no current flows through the 
parallel current path cornprising the fisible link 
fl. On occurrence of heavy loads of excessive 
duration endangering the insulation 3' of cable 
3 or causing evolution of smoke therefrom, solder 
joints 6 become sufficiently heated to yield to 
the action of Spring 3. As a result, current 
bridge 5 and insulating sleeve are jointly moved 
by Sgring 8 from their normal position shown 
in Fig. 2 to the off-position shown in Fig. 3. 
No arcing occurs as current-bridge 5 parts from 
connector because at this very moment the 
potential of both connectors and '' is equal 
by virtue of their interconnection by fusible 
shunt . The gap forming between current. 
bridge 5 and connector '' is being progressively 
filled in with solid insulating Imaterial as it is 
being forlined, i. e. as its length increases. 
Therefore there is little or no tendency of kindling 
of an arc between current-bridge 5 and connector 
f'. At the instant current-bridge 5 parts from 
connector '' fuse link it begins to carry cur 
rent; but fuse link is wholly inadequate to 
carry a current in the order which is normally 
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4. 
being carried by current-bridge 5, and therefore 
the fuse link fuses and vaporizes almost in 
Staty upOn parting of Current-bridge 5 frOm 
connector' '. This results in the formation of 
an arc, yet this arc is safely confined within the 
pressure resistant tubular spacer S and rapidly 
extinguished by the heat dissipating action of 
tine puiveiulent al'c-qteicining file' i 2. Thus 
the circuit, of cable 3 is ultimately interrupted by 
the formation of a gap within the spacer 9. The 
ultinate interruption of the circuit of cable 3 has 
been indicated in Fig. 3 by a fulgurite 3 taking 
the place cf. that portion of link that has been 
destroyed by aircing. 
The protector proper as above described is 

preferably arranged in a tubular housing to which 
the reference aurineral 4 has been applied. 
Housing 4 is Supported by a pair of collars 5'., 
5' fixedly sounted on connector and con 
rector '', respectively. Housing 4 has an in 
terhal diarineter equal to the external diameter of 
collars 5' and 5' and is thus closed at the 
axially outer ends thereof by reans of collars 
i5 and 5'. Transverse pins S establish a firm 
CO1Amegition bètWeen hGLSing 4 and Collars 5' 
and 5'. The right end of helical spring 8 
in Ouinted on connector f'' abuts against collar 5 
and at the left end of Spring 3 rests against the 
afot'eleticed Sidable iKSlating coal' . 
The yielding point of solder joints S is below 

the critical temperature which, if continuously 
iaintained, would endanger the insulation 3 '' 
of cable 3 or result in the evolution of Smoke 
therefroix. '..he electrical and the thermal chal 
acteristics of connector studs and ' ', current 
bridge ; and solder joints 6 and the electrical and 
therinai characteristics of cable 3 are so corre 
lated that the temperature at the points where 
the solder joints 6 are situated never exceeds the 
tanperature at any point of the cable remote 
from the Solder joints 6. Thus an operating 
characteristic can readily be achieved which is 
an inverse time-current characteristic closely 
following the insulation danger characteristic or 
Siicke evolution characteristic of Caille 3 through 
out; the entire overioad range thereof. This 
h:25 heen shown in considerable detail in the above 
referred-to copending Patent No. 2,645,690 to 
Which reference may be had as to the exact rela 
tion between the insulation danger characteristic 
Of the Snoke evolution characteristic of a cable 
and the Operating characteristic of protective 
devices of the present nature. 
The resistance of the current path formed by 

connectors d' and í '', by current-bridge 5 and 
Solder jointS 6 is Sufficiently low to cause the tem 
perature of solder joints 6 to be preponderantly 
governed by iº“ ir l'OSSes in cable 3 and to be rela 
tively unaffected by i r losses occurring in the 
portion of the circuit situated between the bare 
terminals of cable 3. The thermal characteristics 
of connectors and '', current-bridge 5 and 
Solder jointS 6 and the thermal characteristics of 
cable 3 are so correlated that the temperature at 
&ny point of Said portion of the circuit of cable 3 
never exceeds the temperature at any point of 
the core 3' of cable 3. 
While prefer to arrange a fuse structure 

Within the Spacer 9, it is possible in many in 
stances to Ornit that fuse structure and to rely 
Solely on the interrupting capacity inherent in 
parting of the current-bridge 5 from connector 

'' and the operation of the associated follower T. 
Presence of the fuse structure in spacer 9 greatly 
increases the Overall interrupting capacity of the 



2,678,980 
5 

device; but where both the circuit voltage and the 
recovery voltage are relatively low, the fuse struc 
ture within spacer 9 can safely be omitted as 
shown by tests made with structures identical 
With that shown in Figs. 1 to 3 except for the 
omission of fuse link . 
Having disclosed the preferred embodiment of 

my invention, it is desired that the same be not 
limited to the particular structure disclosed. It 
will be obvious to any person skilled in the art 
that many modifications and changes may be 
made without departing from the broad Spirit and 
scope of my invention. Therefore, it is desired 
that the invention be interpreted as broadly as 
possible and that it be limited only as required 
by the prior state of the art. 

I claim as my invention: 
1. An arrangement for the protection against 

overheating of the insulation of a cable in an 
electric circuit comprising a pair of coaxial 
fixedly spaced conductors, a current-bridge 
mounted on said pair of said conductors to carry 
current from one of said pair of conductors to 
the other of said pair of conductors, a pair of 
loW fusing point metal means conductively con 
necting said current-bridge to each of Said pair 
of conductors and normally restraining Said cur 
rent-bridge in the bridging position thereof, a 
tubular insulating element mounted on one of 
Said pair of conductor's in abutting relation to 
said current-bridge, and a helical spring mount 
ed on Said one of said pair of Conductors for 
biasing said current-bridge in the direction to 
Ward Said other of Said pair of conductors. 

2. An arrangement for the protection against 
Overheating of the insulation of an electric coin 
ductor in an electric circuit comprising a pair 
of coaxial fixedly spaced tubular connectors 
adapted to receive at opposite ends thereof bare 
terminals of a cable to be protected, an annular 
Current-carrying element lounted on Said pair 
of Connectors and bridging the gap formed there 
between, a pair of Substantially annular solder 
joints each conductively connecting one end of 
said annular element to one of said pair of con 
nectors and normally restraining Said annular 
element in the bridging position thereof, a tubul 
lar insulating eleinent of greater length than said 
gap formed between said pair of connectors in 
abutting relation to said annular element, and a 
helical Spiring mounted on one of Said pair of 
connectors biasing said annular element in the 
direction toward the other of said pair of con 
nectorS. 

3. An arrangement for the protection against 
overheating of the insulation of a cable in an 
electric circuit comprising a pair of coaxial 
spaced substantially cylindrical conductors hol 
low at the juxtaposed ends thereof, an insulating 
space inserted into said hollow ends of said pair 
of conductors to secure the spacing thereof, a 
tubular current-bridge coaxially mounted on said 
pair of conductors to carry current from one of 
Said pair of conductors to the other of Said pair 
of conductors, a pair of Solder joints each coin 
ductively connecting one end of said current 
bridge to one of Said pair of conductors and nor 
mally restraining said current-bridge in the 
bridging position thereof, a tubular insulating 
element of greater length than the spacing of 
said pair of conductor's mounted on One of Said 
pair of conductors in abutting relation to Said 
current-bridge, and a Spring biasing said cur 
rent-bridge in a direction longitudinally thereof 
away from said one of Said pair of conductors. 
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4. An arrangement for the protection against 

overheating of the insulation of a cable in an 
electric circuit comprising a pair of coaxially ar 
ranged spaced substantially cylindrical conduc 
tors hollow at the juxtaposed ends thereof, a 
tubular insulating spacer projecting into Said 
hollow ends of said pair of conductors to pre 
clude relative movement thereof, a pair of ter 
minal elements closing Said spacer each in elec 
tric contact with one of said pair of conductors, 
a fusible link arranged within said Spacer con 
ductively interconnecting said pair of terminal 
eleinents, a pulverulent arc-quenching filler ar 
ranged Within Said Spacer surrounding said fus 
ible link, a tubular shunting element of higher 
Cui'rent-carrying capacity than said fusible link 
coaxially mounted on said pair of conductors to 
Shunt the current path through said fusible 
link, a pair of Soldier joints each conductively 
connecting one end of said shunting element to 
One of Said pair of conductors and normally re 
Straining Said shuinting element in the shunting 
position thereof, and a spring biasing said shunt 
ing element in a direction longitudinally thereof 
out of engagement with one of said pair of con 
ductorS. 

5. An arrangement for the protection against 
overheating of the insulation of an electric con 
ductor in an electric circuit comprising a pair 
of coaxially arranged spaced tubular connectors 
adapted to receive at the remote ends thereof the 
bare terminals of a cable to be protected, a tubu 
lar insulating Spacer projecting into the juxta 
posed ends of Said pair of conductors to Secure 
the Spacing thereof, a pair of metallic terminal 
elements closing the ends of said spacer each 
conductively engaging the inside of one of said 
pair of connectors, a fusible link arranged within 
Said Spacer conductively interconnecting Said 
pair of terminal elements, 2, pulverulent arc 
quenching filler arranged within said spacer and 
surrounding said fusible link, a tubular shunting 
element of higher current-carrying capacity 
than said fusible link coaxially mounted on said 
pair of connectors to shunt the current path of 
Said fusible link, a pair of substantially annu 
lar Solder joints each conductively connecting 
one end of said shunting element to One of Said 
pair of connectors and inorinally restraining said 
shunting element in the shunting position there 
of, an insulating colla of greater length than 
the spacing of said pair of connectors mounted 
on one of Said pair of connectors in abutting re 
lation to said shunting eleinent, and a Spring 
biasing said collar in a direction longitudinally 
of Said pair of connectors away from Said one of 
said pair of connectors. 

6. An arrangement for the protection against 
overheating of the insulation of an electric cable 
in an electric circuit comprising a pair of co 
axially arranged spaced substantially cylindrical 
conductors hollow at the juxtaposed ends there 
of, a tubular insulating Spacer projecting into 
said hollow ends of Said pair of conductors to 
fix the Spacing thereof, a pair of terminal caps 
closing the ends of Said spacer each conductively 
engaging the inside of one of said pair of con 
ductors, a fusible link arranged within said 
spacer conductively interconnecting said pair of 
terrainal caps, arc-quenching means within said 
spacer for quenching the arc incident upon 
fusion of Said link, a tubular shunting element of 
higher current-carrying capacity than said fus 
ible link coaxially mounted on said pair of con 
ductors to shunt the current path through said 
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fusible link, a pair of solder joints each con 
ductively connecting one end of Said shunting 
element to one of said pair of conductors and 
normally restraining said shunting element in 
the shunting position thereof, a pair of Spaced 
collars each fixedly mounted on one of Said pair 
of conductors, an insulating casing mounted on 
and axially closed by said pair of Collars, an 
insulating collar slidably mounted on One of Said 
pair of conductoi's in abutting relation to Said 
shunting element, and a helical Spring mounted 
on one of Said pairs of ConductO'S in abutting 
relation to one of Said pair of collars and to Said 
inSillating collar. 

7. An arrangement, for the protection against 
overheating of the insulation of a cable in an 
electric circuit, comprising an electric circuit, a 
cable inserted into said circuit, a tubular housing 
arranged adjacent said cable, a pair of fixedly 
spaced studs coaxially arranged within Said hous 
ing, a tubular current-bridge coaxially Moulted 
on said pair of Studs to carry current froin one 
of said pair of studis tio the oüther of Said pair 
of studs, a pair of soldier joints conductively con 
necting each of said pair of stulöis tio said Cuirrent 
bridge and normally restraining said current 
bridge in the bridging position thereof, the yield 
ing point of said pair of Solder joints being below 
the critical tengerature which if continuously 
maintained would endanger the insulation of said 
cabie, said pair of Studs said current-bridge Said 
pair of solder joints and said cable being serially 
inserted into Said circuit, the electrical aid the 
thermal Caracteristics Of Said pair of Studs Said 
current-bridge and said pair of Solder joints and 
the electrical and thermal characteristics of Said 
cable being so correlated that the temperature 
of said pair of solder joints never exceeds the 
temperature at any point of Said cabie remote 
fron said pair of solder joints, an insulating ele 
ment slidably incurited on One of said pair of 
studs in abutting relation to said current-bridge, 
and a helicai Spring mounted on Said Oine of Said 
pair of studs for biasing said current-bridge in 
a direction longitudinally of Said housing to inter 
rupt the flow of cuirret through Said current 
bridge upon reaching said yielding point by said 
pair of solder joints. 

8. An ariangement, for the protection against 
overheating of the i32 SUiation of a cable compris 
ing an electric circuit, a cable inserted into said 
circuit, a tubular housing arranged adjacent said 
cable, a pair of coaxially arranged spaced sub 
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8 
stantially cylindrical conductors hollow at the 
immediately adjacent ends thereof, a tubular in 
Sulating Spacer projecting into said hollow ends 
of Said pair of conductors to fix the position 
thereof in Space, a pair of terminal caps closing 
Said Spacer each in electric contact with the 
internal surface of one of said pair of conductors, 
a fusible link arranged Within said Spacer con 
ductively interconnecting said pair of terminal 
caps, arc-quenching means arranged within said 
spacer for quenching the arc incident upon fusing 
of Said link, a tubular shunting element of higher 
current-carrying capacity than Said link coaxially 
mounted on said pair of conductors to shunt the 
current path of said link, a pair of solder joints 
each conductively connecting one end of said 
shunting element to one of said pair of conductors 
and normally restraining said shunting element 
in the shunting position thereof, the yielding 
point of Said pair of solder joints being below 
the critical temperature which if continuously 
maintained would endanger the insulation of said 
cable, the resistance of the current path formed 
by Said pair of conductors, Said shunting element 
and said pair of soldier joints being sufficiently 
low to cause the temperature of Said pair of solder 
joints to be governed preponderantly by i2. r 
losses in said cable and to be relatively unaffected 
by ir losses occurring in Said pair of conductors, 
said shunting element and said pair of solder 
joints, the thermal characteristics of said cable 
and the thernal characteristics of Said pair of 
conductors, Said shunting element and said pair 
of Solder joints being so correlated that the ten 
perature at any point of said pair of conductors, 
said shunting element and Said pair of Solder 
joints never exceeds the temperature at any point 
of said cable, an insulating element slidably 
mounted. On one of Said pair of conductors in 
abutting relation to said shunting element, and 
a helical spring mounted on one of said pair of 
conductors for biasing said shunting element in a 
direction longitudinally of said housing to inter 
rupt the flow of current through said shunting 
element upon reaching Said yielding point by said 
pair of soldier jointS. 
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