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PROTECTORS FOR ELECTRIC CIRCUITS 

Aloysius J. Fister, Overland, Mo., assignor to McGraW 
Edison Company, Elgin, 111., a corporation ‘of Dela 
ware 

Filed July 24, 1959, Ser. No. 829,455 
10 Claims. (Cl. 200-120) 

This invention relates to improvements in protectors 
for electric circuits. More particularly, this invention 
relates to improvements in electric fuses. 

It is therefore an object of the present invention to 
provide an improved electric fuse. 
When an electric fuse “blows,” at least a part of the 

metal of the fuse volatilizes and an arc tends to form; 
and where an arc does form it will volatilize even more 
of the metal of the fuse. The overall volatilization of 
the metal of the fuse will generate a pressure within the 
housing of the fuse. If that pressure is moderate, it will 
help to extinguish the arc; but if that pressure is excessive, 
it could cause the housing of the fuse to burst. The pres 
sure generated during the “blowing” of a fuse is a func 
tion of the severity of the arcing that occurs during “blow 
ing”; and the severity of the arcing increases as the cube 
‘of the voltage. As a result the problem of pressure gen 
eration within the housings of fuses used to protect high 
voltage circuits is more severe than is the problem of 
pressure generation within the housings of fuses used to 
protect low voltage circuits. The present invention solves 
the pressure generation problem of fuses used to protect 
high voltage circuits by subdividing the fusible elements 
of those fuses into a number of short fusible elements 
and by disposing those fusible elements in series relation 
indifferent but contiguous compartments within the hous 
ings of the fuses. It is therefore an object of the present 
invention to subdivide the fusible element of a fuse into a 
number of short fusible elements and to dispose those 
short fusible elements in series relation in separate but 
contiguous compartments within the housing of the fuse. 
The subdividing of the fusible element of a fuse into 

a number of short fusible elements, and the disposing of 
those short fusible elements in series relation in separate 
but contiguous compartments within the housing of the 
fuse, reduce the voltage across each short fusible element 
below the value of the voltage to which the fuse will be 
subject, at the time it blows. Further, where all of the 
short fusible elements “blow” at the same time, the total 
voltage across the fuse will be divided between all of 
those short fusible elements. As a result, the blowing of 
each short fusible element will generate only a moderate 
pressure; and each individual compartment will be able 
to withstand the pressure generated within it. The at 
mospheres in the various compartments within the hous 
ing of the fuse are largely isolated from each other, and 
that isolation tends to enable the pressure generated in 
each compartment to help quench the arc that forms 
when .the short fusible element in that compartment 
“blows.” Consequently, when all of the short fusible ele~ 
ments in the various compartments of the housing of the 
fuse “blow” at the same time, desirable moderate arc 
quenching pressures will be generated in the various com 
partments; and effective and quiet opening of the circuit 
will be effected. 

It is therefore an object of the present invention to 
subdivide the fusible element of a fuse into a number 
of short fusible elements and to dispose those short fusible 
elements in series relation in separate but contiguous 
compartments within the housing of the fuse which have 
their atmospheres largely isolated from each other. 
The various compaltments within the housing of the 

fuse must not be completely isolated from each other; 
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but, instead, small cross-section passageways must be 
provided between those compartments. While those pas 
sageways keep the compartments within the housing of 
the fuse largely isolated, they obviate the generation of 
excessively high pressures in any one of the compart 
ments within the housing of the fuse. For example, even 
if the short fusible element in just one of the compart 
ments Within the housing of the fuse were to “blow” and 
the short fusible elements in the rest of those compart 
ments were to remain intact, the pressure in that one 
compartment could not become excessive because the 
small cross-section passageways would enable some of 
the gases and vapors, from the “blowing” of that one 
fusible element, to escape into the adjacent compart 
ments. Without those small cross-section passageways, 
the pressure within that one compartment might become 
great enough to cause the housing of the fuse to burst, 
because the full voltage across the fuse would have to 
be interrupted by just that one short fusible element as 
it “blew.” 
The various compartments within the fuse are ?lled 

with arc-quenching ?ller; and that ?ller is not only useful 
for its intended purpose of helping quench the arcs but it 
is also useful in helping to establish moderate pressures 
in the various compartments within the housing of the 
fuse. For example, if one of the compartments had no 
?ller, and if the short fusible element in that compartment 
Was made heavy enough so it would not blow on most 
heavy overloads, there would be a relatively large air 
space in that compartment into which the gases and 
vapors from an adjacent compartment could pass; and 
the passage of those gases and vapors into the un?lled 
compartment might permit the pressure inthat adjacent 
compartment to fall to such a low value that the said 
pressure might not materially help in the quenching of 
the are formed in that adjacent compartment. 
The various compartments within the housing of the 

fuse are de?ned by relatively massive metal walls; and 
those walls electrically interconnect, while physically 
spacing, the short fusible elements. The large thermal 
capacities of those walls enable those walls to tend to 
keep those fusible elements cool. In doing so, those walls 
make it possible to use fusible elements that have smaller 
than usual cross-sections; and such fusible elements will 
tend to blow more quickly on short circuit than would 
fusible elements of larger cross-section. The resultant 
quick “blowing” on short circuits limits the currents that 
can pass through the fuse prior to and during such 
“blowing.” Further, the reduced cross-sections of the 
short fusible elements reduce the total amount of metal 
that will be volatilized during the blowing of the fuse. 
It is therefore an object of the present invention to provide 
a fuse which has a number of relatively massive metal 
walls that subdivide the housing of the fuse into a number 
of compartments, and to mount fusible elements of re 
duced cross-section in those compartments. 
Some of the materials of which the housings for fuses 

are made are subject to warping in the presence of mois 
ture. Any such warping is very objectionable. The pres 
ent invention minimizes Warping of the housing of the 
fuse by causing the various relatively massive metal Walls 
and the fusible elements between them to constitute a 
relatively rigid beam which extends through the housing 
of the fuse, and the metal Walls of that beam will contact 
that housing at points intermediate the ends of that hous 
ing. In contacting the interior of that housing, those 
metal walls will tend to physically resist any tendency of 
that housing to warp. 
The provision of a series of short fusible elements that 

are connected in series relation between spaced metal 
walls within an elongated housing is additionally desirable ' 
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because the possibility of the fusible elements sagging 
against the interior of the housing of the fuse is prevented. 
This possibility of sagging is prevented for several reasons; 
for example, the fusible elements are positively centered 
and spaced from the interior of the housing by being held 
at closely spaced points rather than by being held only 
at widely spaced points. Furthermore, the total overall 
expansion of each short fusible element is materially 
shorter than would be the total overall expansion of one 
elongated fusible element that extends from end to end 
of the housing of the fuse. Furthermore, the shorter 
fusible elements would, even if they did tend to expand 
and to bow toward the interior of the housing, be unable 
to experience the large de?ection possible with elongated 
fusible elements; and hence those short fusible elements 
would be wholly unable to de?ect far enough to engage 
the interior of the housing of the fuse. 
The massive metal walls that subdivide the housing of 

the fuse into separate compartments ‘also help cool the 
gases and vapors generated during “blowing.” in doing 
so, the metal walls help keep the pressures within the 
various compartments at moderate levels. 

Other and further objects and advantages of the pres 
ent invention should become apparent from an examina 
tion of the drawing and accompanying description. 

In the drawing and accompanying description, two pre~ 
ferred embodiments of the present invention are shown 
and described but it is to be understood that the drawing 
and accompanying description are for the purpose of il 
lustration only and do not limit the invention and that 
the invention will be defined by the appended claims. 

In the drawing, 
FIG. 1 is a longitudinal section through one embodi~ 

ment of electric fuse that is made in accordance with the 
principles and teachings of the present invention,v 

FIG. 2 is a sectional view, on an enlarged scale, through 
the fuse of PEG. 1, and it is taken along the plane indi— 
cated by the line 2—2.\ in FIG. 1, 

FIG. 3 is a longitudinal section through another em— 
bodiment of electric fuse that is made in accordance with 
the principles and teachings of the present invention, and 

FIG. ‘4 is a sectional view, on an enlarged scale, through 
the fuse of FIG. 3, and it is taken along the plane indi 
cated by the line 4~4 in FIG. 3. 

Referring to the drawing in detail, the numeral 11} de 
notes a tubular housing that is made from a suitable in 
sulating material. Preferably the housing lit is made of 
glass melamine, because glass melamine is strong and 
sturdy. That housing has openings d1 adjacent the ends 
thereof; and those openings are radially directed and they 
extend from the exterior of the housing It) to the interior 
of that housing. 
The numeral 12 denotes a massive wall of metal that is 

dimensioned to have a sung ?t with the interior of the 
housing it}; and that wall has a generally rectangular ter 
minal 14 connected to it. That terminal may be made 
cast integrally with the wall I12, or it may be permanently 
integrated with it by silver solder or the like. The ter 
minal ‘14 can be suitably bolted or otherwise connected to 
a bus bar or other electrical conductor. The wall 12 has 
a threaded passageway 16 through it, and a threaded plug 
v1-8 is normally disposed within that passageway to close 
it. However, whenever it is desirable to do so, the plug 
18 can be removed from the threaded passageway 16. 
The wall 12 has a number of radially-directed recesses at 
the periphery thereof, and those recesses are alined with 
the openings 11 at the right-hand end of the housing 10‘. 
The recesses in the wall 12 and the openings 11.1 in the 
housing 10‘ will accommodate pins 38; and those pins can 
be pressed into position to permanently secure the wall 
'12 to the housing It}. 
The numeral 20 denotes a massive wall of metal that is 

so dimensioned to ?t snugly within the interior of the left 
hand end of the housing '10. That wall has a number of 
radially-directed recesses at the periphery thereof, and 
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4 
those recesses can be alined with the openings 111 at the 
left-hand end of the housing 10. Pins 38 are forced into 
the openings 1-1 and into the recesses in the wall 20‘ to 
permanently secure the wall 20 to the housing 10‘. A 
terminal 22‘ can be cast integrally with or permanently 
integrated with the wall 26', as by silver solder or the like. 
That terminal can be bolted or otherwise secured to a bus 
bar or other electrical conductor. A threaded passageway 
24- is provided in the Wall 2t}, and a threaded plug 26 will 
normally occupy and ?ll that passageway. However, 
when it is desirable to do so, the plug 261 can be removed 
from that passageway. 
The numeral 28 denotes a massive metal wall which 

is dimensioned to ?t snugly within the housing 10. That 
Wall has a small passageway 34 through it; and that pas~ 
sageway is smaller than either of the passageways 16 or 
24!. A generally similar wall 3d‘, and a generally similar 
wall 32 are also provided for the fuse of FIG. 1. Each 
of those walls has a small passageway 34 through it; and 
the walls 23, 3t} and 32 will be set so the passageways 3.4 
therethrough are in alinement with each other and with 
the passageways 16 and 24- in the walls 12 and 29, re 
spectively. 
The various massive metal walls 112, 32, 3d, 28 and 2t? 

will be spaced apart to de?ne a number of compartments 
or chambers within the housing 10‘. Pusible elements 36 
will extend between and will be suitably secured to the 
confronting faces of the walls 12, 32, 30, ‘28 and 20, as by 
solder or the like. Each of the fusible elements 36 will 
have a portion of reduced cross section; and that reduced 
cross section is easily attained by forming an opening 37 
in that fusible element. 
As indicated particularly by FIG. 2, there will usually 

be a number of fusible elements 35 in each of the com 
partments or chambers de?ned by the various metal walls. 
in the particular embodiment shown, there are six fusible 
elements 356‘ in each of those compartments or chambers. 
However, more or fewer fusible elements could be pro 
vided in each compartment or chamber. When the fusible 
elements 36 are soldered to the various walls, they will 
coact with those walls to constitute a fabricated metal 
beam. That beam will have considerable rigidity even 
though each of the individual fusible elements 36 is of 
small cross section and is thus not very strong. When 
that beam is telescoped within the housing 10, the ex 
teriors of the spaced metal Walls .12, 32, 3t), 28 and 20 
will bear snugly against correspondingly spaced portions 
of the interior of housing ‘10; and will thus tend to stiffen 
that housing. The resultant stiffening of the housing 10. is 
desirable because it minimizes any warping of that hous 
ing. 
The compartments or chambers de?ned by the hous 

ing it‘ and the various metal Walls '12, 32, 3t}, 23 and 20 
will be ?lled with arc-quenching ?ller. In the particular 
embodiment shown, the compartments or chambers de 
?ned by the walls 12‘ and 32, 32 and 3d, and 3t) and 28 
will be wholly ?lled with sand; whereas only part of the 
compartment or chamber de?ned by the walls 23 and 20 
will be ?lled with sand. Speci?cally, the right-hand por 
tion of the latter compartment or chamber will be ?lled 
with sand, but the left-hand portion of that compartmen 
or chamber will be ?lled with a coarsely ground ?ller ma 
terial such as anhydrous calcium sulphate. The sand is 
denoted by the numeral 40, and the anhydrous calcium 
sulphate is denoted by the numeral 42. The two arc 
quenching ?llers 4t] and ‘42 are preferably introduced into 
the various compartments or chambers after the fabri 
cated metal beam has been telescoped within the housing 
It) and the pins 38 have been pressed home. At such time 
the plug 118 will be seated solidly within the threaded 
passageway 16 in the wall 12, and the housing 10* will be 
set on end. The threaded plug 26 will be removed from 
the threaded passageway 24, and then sand will be intro 
duced through that passageway and caused to pass down 
wardly through the passageways 34 in the walls 28, 30 
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and 32 until the bottom three compartments or ‘chambers 
are completely ?lled. Thereafter, further sand will be in 
troduced to' ?ll approximately three quarters of the upper 
most compartment or chamber. At such time, the anhy 
drous calcium sulphate will be introduced through the 
passageway 24. The sand 4a is thus caused to fill substan 
tially all of the free space in the interior of the fuse with 
the exception of the space occupied by the anhydrous 
calcium sulphate 42. As a result, there are no large voids 
or spaces, in the fuse provided by the present invention, 
into which vapors or gases could pass and expand during 
the “blowing” of the fuse. 
The fuse of FIGS. 1 and 2 will carry the current for 

which it is rated; and it will carry that current inde?nitely. 
That fuse will also carry low overloads for a time, be 
cause the heat generated by the passage of low overload 
currents through the fusible elements 36 will be largely 
conducted to, and absorbed by, the massive metal walls 
12, 32, 30, 28 and 20. Some of that heat will then be 
conducted by those walls to the housing ‘10, and that 
housing will be able to radiate part of that heat. As a 
reseult, the fusible elements 36 will be able to remain rela 
tively cool. Speci?cally, the fusible elements 36 will re 
main much cooler than would one long fusible element 
that extended from the Wall 12 to the wall 20. The heat 
absorbing action of the massive metal walls is so great 
that the fusible elements 36 actually remain cooler than 
would such an elongated fusible element; even though the 
total cross sections of the fusible elements 36 in any com 
partment or chamber are smaller than the cross section 
of such an elongated fusible element and, therefore, those 
fusible elements will generate more heat than would such 
an elongated fusible element. 
The fact that the fusible elements 36 are so small in 

cross section is desirable because it reduces the amount 
of metal that can be volatilized during the opening of 
the circuit by the fuse. Such a reduction in the amount 
of metal that can be volatilized is helpful in keeping the 
generated pressures within moderate limits. 

If all of the fusible elements 36 in the four compart 
ments of the housing 10 of FIGS. 1 and 2 were to blow 
at the same time, the voltage across the fusible elements 
in any one of those compartments would be considerably 
less than the total voltage across the fuse. Conse 
quently, the fusible elements 36 in each compartment 
would be able to blow while generating only moderate 
pressures. Such pressures are easily withstood by the 
housing 10. 

In the event the fusible elements 36 in just some of 
the four compartments of the fuse of FIGS. 1 and 2 were 
to blow, the pressures generated in those compartments 
in which the fusible elements did blow would be greater 
than they would have been if the fusible elements 36 in 
all of the compartments had blown. However, the re 
sultant increased pressures can not cause the housing 10 
to burst, because those increased pressures will be re 
duced by the escape of vapors and gases from those com 
partments into the compartment or compartments in 
which the fusible elements 36 did not blow. That escape 
is made possible by the small passageways 34 in the 
walls 28, 30 and 32. 
The passageways 34 are made small so they will not 

permit a sudden dissipation of the pressure in the com 
partment or compartments in which the fusible elements 
36 have “blown.” Such sudden dissipation of pressure 
would tend to cause the loss of the bene?cial results ob 
tained by having moderate pressures generated within the 
compartments where the actual “blows” occur. Yet, the 
passageways 34 must be large enough to pass vapors and 
gases to enable heavy pressures in the compartments in 
which the “blowing” actually occurs to be reduced by the 
flow of the gases and vapors into the compartment or 
compartments in which the “blows” did not occur. 
Preferably, the diameters of the passageways 34 will be 
such that the area of a passageway 34 is less than ?ve 
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percent of the area of the metal wall in which it is 
located. 
The reduced cross sections of the fusible elements 36 

also make it possible for the fuse to interrupt heavy over 
load currents and short circuit currents before those cur 
rents reach the high values which they could reach if the 
fuse had elongated fusible elements that extended ‘from 
the metal wall 12 to the metal wall 20‘. This is very 
desirable because it means that the overall pressures 
which can be generated within the housing during the 
“blowing” of the fuse will be materially smaller than 
they could be if elongated fusible elements were used. 
The overall result is quiet and explosion-free operation of 
the fuse. 
The reduced pressures that will be generated within the 

housing, because of the use of the reduced cross section 
fusible elements 36, make it possible to make the fuse 
ventless. For example, it will be noted that a tight, 
vent-free engagement is provided between the peripheries 
of the walls 12 and 2t} and the interior of the housing 10, 
and further that the threaded plugs 18 and 26 are tightly 
seated in the passageways 16 and 24, respectively. As a 
result, gases and vapors will be unable to escape from 
the fuse. 
The metal walls 28, 39 and 32 act to center the fusible 

elements at three points intermediate the ends of the 
housing 10. If elongated fusible elements were to be 
extended between the end walls 12 and 20 of the housing 
10, those fusible elements could tend to sag or de?ect into 
engagement with the interior of that housing; and the 
tendency to sag or deflect would increase as those elon 
gated elements became heated by the passage of current 
through them. However, with the short fusible ele 
ments 36, made possible by the present invention, such 
sagging or de?ecting is obviated. This desirable result 
is due, in part, to the fact that the fusible elements 36 
are kept cooler than would elongated elements which 
extended between the end walls 12 and 20 of the fuse; 
and it is due, in part, to the fact that the fusible elements 
36 are supported at three points intermediate the ends 
of the fuse housing. Because the short fusible elements 
36 provided by the present invention will not sag or de 
?ect into engagement with the interior of the housing 10, 
that housing will be protected from charring and from 
the other undesirable results that would ensue from any 
engagement of the heated fusible elements 36 with the 
interior of that housing. _ 

Referring to FIGS. 3 and 4, the numeral 46 denotes 
a housing which is preferably made from a material such 
as glass melamine. A massive Wall 48 of metal is di 
mensioned to fit snugly within the interior of that hous~ 
ing. That wall is provided with a terminal 50‘; and‘ that 
terminal can be cast integrally with, or can be perma 
nently integrated with, the wall 48, as by silver solder or 
the like. The wall 48 has a threaded passageway 52' 
‘through it, and a threaded, plug 54 normally closes that 
passageway. The housing 46 has radailly-directed open 
ings 74 adjacent the opposite ends thereof, and the wall 
48 has radially-directed recesses at the periphery thereof. 
The openings 74 in the housing 46 can be set in register 
with the recesses in the wall 48, and then pins 75 can be 
pressed into those openings and into those recesses. 
Those pins will permanently secure the Wall 48 to the 

' housing 46. 

65 

70 

75 

A wall 56, generally comparable to the wall 48, is 
dimensioned to have a snug ?t with the interior of the 
other end of the housing 46. The wall 56 has a threaded 
passageway 60 through it, and a threaded plug 62 isnor 
ma-lly disposed within and normally closes that passage 
way. The wall 56 has radially-directed recesses at its 
periphery; and those recesses can be set in register with 
the radially-directed openings 74 at the left-hand end 
of the housing 46. Thereupon, pins 75 can be pressed 
into those openings and seated in those recesses; and 
those pins will permanently secure the wall 56 to the 
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housing 46. The wall 56 has a terminal 58; and that 
terminal can be cast integrally with, or permanently in 
tegrated with, the wall 56, as by silver solder or the like. 
The terminal 58 is not as large in cross section as is the 
terminal 50, and it has a relatively narrow neck 58. 
A massive wall 64 of metal is disposed within the 

housing 46, and‘ it is located between the walls 48 and 
56. That wall is dimensioned to have a snug fit with 
the interior of the housing 46. A plurality of short 
fusible elements 68 of small cross section are suitably 
secured to the confronting faces of the walls 48 and 64 
and 64 and 56, as by solder or the like. Those fusible 
elements hold the walls 48, 64 and 56 in spaced relation 
while physically and electrically connecting them to 
gether. The fusible elements 68 coact with the walls 48, 
64 and 56 to constitute a fabricated metal beam; and 
that beam will have considerable resistance to bending 
even though each of the individual fusible elements 68 
is not very strong. Each of the fusible elements 68 has 
a portion 69 of reduced cross section; and those portions 
are conveniently formed by punching an opening in each 
of those fusible elements. 
The wall 64 can, as shown by FIG. 3, be provided 

with a number of radially-directed recesses at the pe 
riphery thereof. Those recesses will be in register with 
centrally-located, radially-directed openings 74 in the 
housing 46; and pins 75 can be pressed into those open 
ings and into those recesses to ?xedly hold the wall 64 
relative to the housing 46. The wall 64 has a small 
passageway 66 through it; and that passageway is alined 
with the passageways 52 and 68 in the walls 48 and 56, 
respectively. 
The compartments or chambers de?ned by the Walls 

48 and 64 and 64 and 56 will be ?lled with arc 
quenching ?ller. Speci?cally, the compartment de?ned 
by the walls 48 and 64 will be ?lled with sand, and‘ the 
compartment de?ned by the walls 64 and 56 will be 
dominantly ?lled with sand but will have its left-hand end 
?lled with anhydrous calcium sulphate. The sand is 
denoted by the numeral 78 and the anhydrous calcium 
sulphate is denoted by the numeral '72. 
The housing 46, the ‘walls 48, 64 and 56, and the 

fusible elements 68 will be assembled; and then the free 
spaces in that housing will be ?lled with the ?llers 7t) 
and 72. The ?llers will preferably be introduced by 
closing the passageway 52 by seating the threaded plug 
54 within that passageway, by setting the housing 46 
on end, and by removing the plug 62 from the passage 
way 68. The sand 78 will be introduced ?rst; and then 
subsequently the anhydrous calcium sulphate 72 will be 
introduced. Thereafter, the plug 62 will be solidly seated 
Within the passageway 60‘. The housing 46 and its com 
ponents will generally resemble the fuse of FIGS. 1 and 
2, with the exception that it will have just two compart 
ments whereas the fuse of FIGS. 1 and 2 has four com 
partments. The engagement between the housing 46 
and the walls 48 and 56 is quite snug; and that engage 
ment coacts with tight seating of the plugs 54 and 62 
in the threaded passageways 52 and 68, respectively, to 
render the housing 46 ventless. 
The housing~46 Will be telescoped within a larger diam 

eter tubular housing 73; and the latter housing Will pref 
erablyv be made of a less-expensive insulating material, 
such as ?ber. A disc 76 of insulating material is tele 
scoped within the housing 73, and it has a large notch 
in the bottom thereof to accommodate and ?t neck 59. 
A hook 80 is secured to and supported by the disc 76. 
A disc 78 also is telescoped within the housing 73, and 
thatdisc has a rectangular opening therein to accommo 
date the left~hand end of the terminal 58 on the wall 56'. 
That disc also has a smaller opening to accommodate 
the righthand end of a heater 86. That right~hand end 
of that heater is spaced a short distance above the ter 
minal 58; but it is normally connected to it by a con 
motor 88 that is soldered to the terminal 58 and to the 
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right-hand end of the heater 86. That connector is of 
the type shown and described in my co-pending applica 
tion Serial No. 793,415 which was ?led February 16, 
1959, for Protectors For Electric Circuits. Low-melting 
point solder is used to secure the connector 88 to the 
heater 86 and to the terminal 58, and that solder Will 
soften when the terminal 58 reaches a predetermined 
temperature. At such time a helical extension spring 90, 
which is integrally secured to the connector 88 and which 
has its right-hand end set over the hook 8-9, will pull the 
connector 88 to the right and open the circuit between 
the heater 86 and the terminal 58. 
The left-hand end of the heater 86 is riveted or other 

wise secured to a terminal 82. That terminal has an open 
ing through it and that opening accommodates and holds 
a pin That pin is rectangular in horizontal section; 
and it has a length that is greater than the inner diameter 
of the housing '73 but that is smaller than the outer diam 
eter of that housing. One of the ?at faces of that pin 
abuts the left-hand end of the housing 73; and that ?at 
face limits movement of the terminal 82 inwardly of the 
housing 73 while helping hold that terminal coaxial with 
the axis of the housing 73. A cup-like closure 92 for the 
left-hand end of the housing 73 has an opening which 
telescopes over the terminal 82; and fasteners 96 extend 
through openings at the periphery of that closure 92 and 
seat in openings in the left—hand end in the housing 73. 
That closure holds the pin 84 solidly against the left-hand 
end of the housing 73, and it thereby helps hold the ter 
minal 82 solidly in position adjacent the left-hand end of 
that housing. 
A cup-like closure 94 has an opening that telescopes 

over the terminal 50 of the wall 48, and that closure tele 
scopes over the right-hand end of the housing 73. Fas 
teners 96 pass through openings in the periphery of the 
closure 84 and then seat in openings in the right-hand end 
of the housing 73 to permanently secure that closure to 
that housing. The closure 94 abuts the right-hand face 
of the Wall 48 and thereby limits movement of the hous 
ing 46 to the right. 
The fuse‘ of FIGS. 3 and 4 is a dual element fuse; be 

cause the low-melting point solder can melt on long con~ 
tinued low overloads to release the connector 88' and 
thereby open the circuit, and the fusible elements 68 
can “blow” on heavy overloads and on short circuits to 
open the circuit. The heater 86 will supply part of the 
heat to the low-melting point solder 88, but that heater 
will be made so it will not “blow.” The fuse of FIGS. 3 
and 4 will carry its rated current inde?nitely, its connec 
tor 88 will move to open the circuit on low overloads after 
a predetermined time delay, and the fusible elements will 
“blow” to open the circuit on heavy overloads and on 
short circuits. 

‘The fusible elements 68 within the housing 46 will be 
of small cross section, and they will thus provide quick 
“blowing” at overload currents approaching short circuit 
values. ‘in “blowing” quickly, those fusible elements 
minimize the pressures that can be generated within the 
compartments of the housing 46. The passageway 66' 
in the wall 64 will enable the two compartments to re 
main substantially isolated; but it will permit vapors and 
gases to pass from one of those compartments to the other 
during the “blowing” of the fusible elements in one of 

. those compartments at a time when the fusible elements 
in the other compartment do not “blow.” The passage 
of those vapors and gases will keep the pressures in the 
compartment where the fusible elements did “blow” from' 
being excessive- and from causing the casing‘ 46 to burst. 

If desired, the fusible elements 36 in one of the com 
partments or chambers of the fuse of FIGS. 1 and 2 could 
be equipped with small masses of alloying material of 
the type shown and described in said co-pending applica 
tion. Such masses would foster “blowing” of those fusi~ 
ble elements on long continued low overloads, and would 
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thus further minimize pressure generation within the hous 
ing 10. 

If the fusible elements 36 in the various compartments 
of the housing 10 all had the same current-carrying ca 
pacity, the fusible elements 36 in the two central com 
partments of that housing would “blow” on low over 
loads before the fusible elements 36 in the end~most com 
partments of that housing could “blow.” This is due to 
the fact that the bus bars or other electrical conductors, 
to which the terminals 14 and 22 are secured, will absorb 
and conduct away a good deal of heat from the fusible 
elements ‘36 in those end-most compartments. Where it is 
desired to have all of the fusible elements “blow” simul 
taneously on low overloads, the fusible elements 36 in the 
two central compartments will be made so they have 
larger current-carrying capacities than do the fusible ele 
ments in the end-most compartments. This can be done 
by increasing the cross sections of the central fusible 
elements, by making those fusible elements of metal hav 
ing higher fusing points, by making the openings 37 in 
those fusible elements small, by placing the openings 3'7 
closer to the walls 28, 30 or 32, or by any of a number 
of other ways. Where this is done, the voltage across 
the fuse will be divided equally between the four com 
partments, and the voltage across each fusible element 
36 will be just one quarter of the total voltage across the 
fuse. 

‘The heat absobed by the Walls 12, 2t), 2%, 30' and 32 
delays the “blowing” of the fusible elements 36 on low 
overloads. This delay is desirable because it enables 
the fuse to avoid “blowing” when the circuit is subjected 
to harmless transient overloads. 
lay can be controlled by properly selecting the thicknesses 
for the walls 12, 2d, 28, 30 and 32; and this delay can 
be varied Without unduly varying the rating of the fuse, 
Speci?cally, where a longer time delay is desired, the 
thicknesses of the Walls 12., 20, 28, 30 and 32 will be in 
creased; but where a shorter time delay is desired, the 
thicknesses of those walls will be decreased. 
Whereas the drawing and accompanying description 

have shown and described two preferred embodiments of 
the present invention it should be apparent to those skilled 
in the art that various changes may be made in the form 
of the invention without affecting the scope thereof. 
What I claim is: _ 

1. An electric fuse that comprises a housing of insula 
tion material, said housing being hollow and being tubu 
lar, a plurality of massive metal walls disposed within 
said housing and subdividing the interior of said housing 
into a number of separate but contiguous compartments, 
a plurality of fusible elements disposed in each of said 
compartments, said fusible elements being secured to and 
extending between said metal walls, said fusible elements 
‘and said walls constituting a fabricated metal beam, the 
peripheries of said metal walls snugly engaging the in 
terior of said housing to minimize warping of said hous 
ing, said metal walls absorbing heat from said fusible 
elements and transferring some of said heat to said hous 
ing for radiation from said housing to delay the “blow 
ing” of said fusible elements on low overloads, the fusible 
elements adjacent the longitudinal center of said housing 
having larger current-carrying capacities than do the fusi 
ble elements in the end-most compartments of said hous 
ing whereby all of said fusible elements “blow” substan 
tially simultaneously on low overloads, and arc-quenching 
filler in said compartments, said arc-quenching ?ller sub 
stantially ?lling the spaces in said compartments whereby 
there are no large spaces or voids in said housing into 
which gases and vapors can expand, the end-most of said 
metal walls substantially closing and sealing the ends of 
said housing and thereby rendering said fuse ventless, the 
intermediate metal walls having small cross section pas 
sageways therethrough to permit some of the gases and 
vapors generated during the “blowing” of the fusible ele 
ments in one of said compartments to pass into adjacent 
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compartments if the pressures in said adjacent compart 
ments are below the level of the pressure generated in said 
one compartment and thereby keep the pressure in said 
one compartment from becoming excessive, said passage 
ways having cross sections less than ?ve percent of the 
sections of said metal walls, the engagements between the 
peripheries of said intermediate metal walls and said in 
terior of said housing limiting communication between 
said compartments to said small passageways, said metal 
walls holding said fusible elements out of engagement 
with said interior of said housing and preventing de?ec 
tion of any portions of said fusible elements into engage 
ment with said interior of said housing. 

2. An electric fuse that comprises a housing, said 
housing being hollow and being tubular, a plurality of 
massive metal walls disposed within said housing and sub 
dividing the interior of said housing into a number of 
separate but contiguous compartments, fusible elements 
disposed in said compartments, said fusible elements being 
secured to and extending between said metal walls, said 
fusible elements and said walls constituting a fabricated 
metal beam, the peripheries of said metal walls snugly 
engaging the interior of said housing to minimize warping 
of said housing, said metal walls absorbing heat from 
said fusible elements and transferring some of said heat 
to said housing for radiation from said housing to delay 
the “blowing” of said fusible elements on low overloads, 
the fusible elements adjacent the longitudinal center of 
said housing having larger current-carrying capacities 
than do the fusible elements in the end~most compart 
ments of said housing, and arc-quenching filler in said 
compartments, said arc-quenching ?ller substantially ?ll 
ing the spaces in said compartments whereby there are 
no large spaces or voids in said housing into which gases 
and vapors can expand, the end-most of said metal walls 
substantially closing and sealing the ends of said housing 
and thereby rendering said fuse ventless, the intermediate 
metal walls having small cross section passageways there 
through to permit some of the gases and vapors gener 
ated during the “blowing” of the fusible elements in one 
of said compartments to pass into adjacent compartments 
if the pressures in said adjacent compartments are below 
the level of the pressure generated in said one compart 
ment and thereby keep the pressure in said one compart 
ment from becoming excessive. 

3. An electric fuse that comprises a housing, said hous 
ing being hollow, a plurality of massive walls disposed 
within said housing and subdividing the interior of said 
housing into a number of separate but contiguous com 
partments, fusible elements disposed in said compart~ 
ments, said fusible elements being secured to and extend 
ing between said metal walls, said metal walls absorbing 
heat from said fusible elements and transferring some 
of said heat to said housing for radiation from said hous 
ing to delay the “blowing” of said fusible elements on low 
overloads, the fusible elements adjacent the longitudinal 
center of said housing having larger current-cariying 
capacities than do the fusible elements in the end-most 
compartments of said housing whereby all of said fusible 
elements “blow” substantially simultaneously on low 
overloads, and arc-quenching ?ller in said compartments, 
said arc-quenching ?ller substantially ?lling the spaces 
in said compartments whereby there are no large spaces 
or voids in said housing into which gases and vapors can 
expand, the end-most of said metal walls substantially 
closing and sealing the ends of said housing and thereby 
rendering said fuse substantially ventless, the intermedi 
ate metal Walls having small cross section passageways 
therethrough to permit some interchange between adja 
cent compartments of the gases and vapors generated 
during the “blowing” of the fusible elements, said pas 
sageways having cross sections less than ?ve percent of 
the cross sections of said metal walls, the engagements 
between the peripheries of said intermediate metal walls 
and said interior of said housing substantially limiting 
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communication between said compartments to said small 
passageways, said fusible elements providing an inter 
ruptible circuit that normally interconnects the metal walls 
adjacent the ends of said housing, the voltagefacross each 
of said fusible elements being less than the voltage across 
said fuse. 

4. An electric fuse that comprises a housing, said hous 
ing being hollow, a plurality of massive metal walls dis 
posed within said housing and subdividing the interior of 
said housing into a number of separate but contiguous 
compartments, fusible elements disposed in each of said 
contiguous compartments, said fusible elements being 
secured to and extending between said metal walls, said 
metal walls absorbing heat from said fusible elements and 
transferring some of said heat to said housing for radi 
ation from said housing to delay the “blowing” of said 
fusible elements in said contiguous compartments on low 
over-loads, and arc-quenching filler in said compartments, 
said arc-quenching ‘?ller substantially ?lling the spaces 
in said compartments whereby there are no large spaces 
or voids in said housing into which gases and vapors 
can expand, the endmost of said metal walls substantially 
closing and sealing the ends of said housing and thereby 
rendering said fuse substantially ventless, tie intermedi 
ate metal walls having small cross section passageways 
therethrough to permit some of the gases and vapors 
generated during the “blowing” of the fusible elements in 
one of said contiguous compartments to pass into adjacent 
compartments, said passageways being dimensioned so 
su?icient gases and vapors can pass therethrough to avoid 
bursting of said housing but not to permit a sudden dissi 
pation of the pressure in said one compartment, the en 
gagements between ‘the peripheries of said intermediate 
metal walls and said interior of said housing substantially 
limiting communication between said contiguous compart 
ments to said small passageways, said fusible elements 
providing an interruptible circuit that normally intercon 
nects the metal walls adjacent the ends of said housing. 

5. An electric fuse that comprises a housing, said 
housing being hollow, a plurality of massive metal walls 
‘disposed within said housing and subdividing the interior 
‘of said housing into a number of separate but contiguous 
compartments, fusible elements disposed in said contigu 
ous compartments, said fusible elements being secured 
to and extending between said metal walls, and arc 
quenching filler in said compartments, said arc-quenching 
?ller substantially ?lling the spaces in said compartments 
whereby there are no large spaces or voids in said hous 
ing into which gases and vapors can‘ expand, the end~most 
of said metal walls substantially closing and sealing the 
ends of said housing and thereby rendering said fuse vent 
less, the intermediate metal walls having small cross sec 
tion passageways therethrough to permit some of the 
gases and vapors generated during the “blowing” of the 
fusible elements in one of said contiguous compartments 
to pass into adjacent compartments if the pressures in said 
adjacent compartments are below the level of the pressure 
generated in said one compartment and thereby keep the 
pressure in said one compartment from becoming ex 
cessive. 

6‘. An electric fuse that comprises a housing, a plurality 
of metal walls disposed within said housing and sub 
dividing the interior of said housing into a number of 
separate but contiguous compartments, fusible elements 
disposed in said contiguous compartments, said fusible 
elements being secured to and extending between said 
metal walls, and arc~quenching ?ller in said compart 
ments, said arc-quenching ?ller substantially filling the 
spaces in,said compartments whereby there are no large 
‘spaces or voids in said housing into which gases and 
vapors can expand, the intermediate metal walls having 
small cross section passageways therethrough to permit 
some of the gases and vapors generated during the “blow 
ing” of the fusible elements in one of said contiguous 
Compartments to pass into adjacent compartments if the 
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pressures in said adjacent compartments are below the 
level of the pressure generated in said one compartment 
and thereby keep the pressure in said one compartment 
from becoming excessive. 

7. A11 electric fuse that comprises a housing, a said 
housing being hollow and being tubular, a plurality of 
metal walls disposed within said housing and subdividing 
the interior of said housing into‘ a number of separate 
but contiguous compartments, fusible elements disposed 
in said contiguous compartments, said fusible elements 
being secured to and extending between said metal walls, 
and arc~quenching ?ller in said compartments, said are 
quenching ?ller substantially ?lling the spaces in said 
compartments whereby there are no longer spaces or 
voids in said housing into which gases and vapors 
can expand, the end-most of said metal walls substantially 
closing and sealing the ends of said housing and thereby 
rendering said fuse substantially ventless, the intermediate 
metal walls having small cross section passageways there 
through to permit some interchange between adjacent 
compartments of the gases and vapors generated during 
the “blowing” of the fusible elements, the engagements 
between the peripheries of said intermediate metal walls 
and said interior of said housing limiting communication 
between said compartments to said small passageways, 
said metal walls holding said fusible elements out of 
engagement with said interior of said housing and pre 
venting deflection of any portions of said fusible elements 
into engagement with said interior of said housing, said 
fusible elements providing an interruptible circuit that 
normally interconnects the metal walls adjacent the ends 
of said housing. 

8. An electric fuse that comprises a housing, said hous 
ing being hollow and being tubular, a plurality of metal 
walls disposed within said housing and subdividing the 
interior of said housing into a number of separate but 
contiguous compartments, a plurality of fusible elements 
disposed in each of said contiguous compartments, said 
fusible elements being secured to ‘and extending between 
said metal ‘walls, said fusible elements and said walls 
constituting a fabricated metal beam, the peripheries of 
said metal walls snugly engaging the interior of said hous 
ing to minimize warping of said housing, and arc-quench 
ing ?ller in said compartments, said arc~quenching ?ller 
[substantially stilling the spaces in said compartments 
whereby there are no large spaces or voids in said housing 
into which gases and vapors can expand, the end-most 
of said metal =walls substantially closing and sealing the 
ends of said housing and thereby rendering said fuse vent 
less, the intermediate metal walls having small cross 
section passageways therethrough to permit some of the 
gases and vapors generated during the “blowing” of the 
fusible elements in one of said compartments to pass into 
adjacent compartments if the pressures in said adjacent 
compartments are below the level of the pressure genera-ted 
in said one compartment and thereby keep the pressure in 
said one compartment from becoming excessive, the en 
gagements between the peripheries of said intermediate 
metal walls and said interior of said housing limiting com 
munication between said compartments to said small pas 
sageways. 

9. An electric fuse that comprises a housing, said hous 
ing being hollow, a plurality of metal walls disposed 
within said housing and subdividing the interior of said 
housing into a number of separate but contiguous com~ 
partments, fusible elements disposed in said contiguous 
compartments, said fusible elements being secured to and 
extending between said metal walls, and arc~quenching 
filler in said compartments, said arc-quenching ?ller sub 
stantially ?lling the spaces in said compartments whereby 
there are no large spaces or voids in said housing into 
which gases and vapors can expand, the intermediate 
metal walls having small cross section passageways 
therethrough to permit some interchange between ad 
jacent compartments of the gases and vapors generated 
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during ‘the “blowing” of the fusible elements, the engage 
ments ‘between the peripheries of said intermediate metal 
walls and said interior of said housing substantially 
limiting communication between said compartments to 
said small passageways, said fusible elements providing 
an interrupti-ble circuit that normally interconnects the 
metal walls adjacent the ends of said housing, the voltage 
across each of said fusible elements being less than the 
voltage across said fuse. 

10. An electric fuse that comprises a housing, said hous 
ing being hollow, a plurality of metal walls disposed 
within said housing and subdividing the interior of said 
housing into a number of separate but contiguous com 
partments, fusible elements disposed in said contiguous 
compartments, said fusible elements being secured to and 
extending between said metal vWalls, and arc-quenching 
?ller substantially ?lling the spaces in said compartments 
whereby there are no large spaces or voids in said housing 
into which gases and vapors can expand, the end-most 
of said metal walls substantially closing and sealing the 
ends of said housing and thereby rendering said fuse sub 
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stantially ventless, the intermediate metal walls having 
small cross section passageways therethrough to permit 
some of the gases and vapors generated during the “blow 
ing” of the fusible elements in one of said compartments 
to pass into adjacent compartment-s, the engagements be 
tween the peripheries of said intermediate metal walls 
and said interior of said housing substantially limiting 
communication between said compartments to said small 
passageways, said fusible elements providing an inter 
ruptible circuit that normally interconnects the metal walls 
adjacent the ends of said housing. 
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