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. This invention relates generally to circuit in-
" terrupters, and more specifically to interrupters
which are capable of automatically interrupting
a circuit in response to the passage therethrough
of currents above & predetermined value, and
at the same time limit the value of the current
interrupted. The invention will be more partic-
ularly disclosed in connection with a fuse which
is capable of limiting the current when the fuse
blows. i

This invention relates especially to a current
limiting interrupter or tuse of the type where an
arc establishing means such as a fusible means
is provided in shunt relation with respect to &
_current limiting means, and is confined so that
the arc formed upon operation of the arc estab-
lishing means has & high arc voltage so a8 to
quickly transfer the current to the current lim-
iting means. The current thus limited is easily
interrupted by & circuit interrupting means
which may be 8 second fusible means.

current imiting means
disclosed in the copending ‘applications of H. L.
Rawlins, Serial No. 357,393, filed September 19,
1940, and A. P. Strom, Serial
September 19, 1940, and both assigned to the
same assignee of this invention. The instant
invention relates to certain improved construc-
tions of current limiting interrupters, and one
object of the invention is to provide in an in-
terrupter of the type described, novel means for
restricting an arc to provide for a high arc volt-

age.

A further object of this invention is to pro-
vide a novel means for supporting a fuse wire in
a closely confined arc passage having walls of
an insulating material.

Another object of this invention is to provide
a novel means for sealing & fuse wire In & closely
restricted fuse passage. ]

Another object of this invention is to provide

a novel arrangement and construction of a cur-
rent limiting fuse of the type described which 18
particularly efcient in operation, relatively sim-
ple in design and economical to manufacture.
‘ ohjects of this fnvention will
become more apparent upon consideration of the
following detailed description of preferred em-
pbodiments thereof, taken in connection with the
attached drawing in which:

Pigure 1'is a substantially central Jongitudinal
section view of & current limiting fuse construct-
ed in accordance with the'invention.

Pig. 2 is a transverse gectional view taken sub-
stantially on the line I—II of Fig. 1.

Plg. 3is & central, Jongitudinal sectional view
of & modified form of fuse constructed in ac-
cordance with this invention. .
an inner por-
in Figs. 1 and 2.

Pig. 4 1s an clevational view of
tion of the fuse shown

of this general type are
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Fig. 5 is an enlarged fragmentary sectional
view of threadedly engaging portions of the fuse
shown In Fig. 1, and

Fig.61s a partial elevational view of the lower
end of the fuse shown in Fg. 3, with the indi-
cator shown in an indicating position.

Referring first to the embodiment
vention shown in PFig. 1, the
comprises an outer insulating fuse tube 2 which
may be of any desired insulating material, such,
for example, as fiber or & synthetic resin, or &
like material which has the property of being
capable of evolving an arc extinguishing gas
arc. The fuse
tube 2 is provided with end terminal caps 4 and
§, respectively, ends thereof, and
these caps may be sécured to the fuse tube 2
in any desired manner,

such, for example, as by
depressing a portion 8, 1 of the cap flanges in-
wardly into the material of the fuse tube 2.

Referring to Fig. 4 of the drawing, there is
{llustrated an inner insulating tubular -sleeve 8
having & threaded exterior surface designed to
be threadedly engaged with the threads provided
on the interior wall at.the upper end of fuse
tube 2. It will be noted that the threads both
on inner tube 8 and outer fuse tube 2. are mul-
tiple threads, and, as shown in the drawing, are
eight-lead threads. Before the inner insulating
tube 8 1s assembled in the outer fuse tube 2, how-
wire 10 is wound in at least one of
the threads of the inner tube 8 as shown in Fig.
4. The fuse wire 1§ is preferably of & material
having s high temperature melting point, such,
and although the fuse wire
1§ is shown as being laid in only one thread of
the multiple threads of inner tube 8, obviously
for fuses of’ higher capacity, parallel fuse wires
may be laid in one or more intermediate threads
of inner tube 8. After the fuse wire 10 is wound
in a thread of inner tube §, the wire and tube
are then coated with a viscous paint 12 (Fig. 5)
constituting & solution of some material which
is capable of evolving an &rc extinguishing gas
when in proximity to an electric arc and & sol-
vent therefor, such, for example, &S, cellulose
acetate or ethyl cellulose solution. The inner
with fuse wire 10 and coating
tube 2 to the
position
ferring to Fig. 5,
ing 12 seals fuse Wire base of a thread
on inner tube 8, and also the manner in which
coating 12 seals the thread in which fuse wire 0
is laid, from adjacent threads, is clearly indi-
cated.

This particular structure described above for
supporting & fuse wire 10, entirely seals the
wire so that it is confined by gas evolving insu-
I1ating material ‘and is also insulated between
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to the very smal bassage occupied by wire 10, 5 high are voltage. The value of resistor 14 is re-
so that the arc has 4 very high resistance and lated to the arc voltage which will be produced
a high arc voltage, a]] for a purpose to be here- in the passage between tubes 2 and 8 so that

wire 10 melts, but also insulates adjacent turns 10 the current wil be very quickly transferred to

inhibited by the tortuous path between turns terrupted at the next current zero by the are
of the fuse wire due to the multiple thread con- extinguishing material 32 in the lower fuse
struction of fuse tube 2 and inner tube 8. 15 chamber. When & resistor having valve char-
- Inside inner tube § there is provided a cur- acteristics is employed; it wil also act to limit
rent limiting means 14 in the form of a resistor the voltage to g Predetermined safe value.

block preferably of a non-metallic resistance The manner in which fuse wire 10 is mounted
material such ag carbon or carborundum. Such is of importance because this mounting, while
a resistor should Preferably be in the form of og being relatively simple tq assemble, {s extremely
finely divided resistance particles bonded to- effective in broviding a high resistance path for

pression spring of conducting materig] 1§ is pro- 30 transferred from the spiral path between fuse

may be of a silver or copper alloy, for example, 45 distance,

The insulating closure disk 22 for the lower end Referring now to ‘the embodiment of the in-
of the fuse tube is provided with an integral re- vention shown in Figs. 3 and 6, inasmuch ag
duced extension 24 which engages terminal cap many of the parts of the fuse shown in these
6 to maintain the closure disk 22 in operative figures are identical with those already described
position against shoulder 21 formed on the fuse 50 in connection with the embodiment of the in-
tube., The extension 24 serves to support an vention shown in Figs. 1, 2, 4 anqg 5, like refer-
enlongated coil tension spring 26 which has one €nce numerals are used to designate such like
end thereof angularly extended through an ap- parts, and to avoid Tepetition these parts will not
erture in disk 22 to be bent over as at 29, on the be again described in detail. The current limiting
obposite side of the disk to thereby anchor this g5 means in this embodiment of the inventjon com-

end cap 6 to be secured therein as at 30, by sol- 60 Mmounted therein, The fuse shown in Pigs. 3

capable of evolving an arc extinguishing gas 65 the heating effect thereof, A conducting meta)
when in proximity to an electric are, such, for  partition disk 36 is threadedly engaged in the

example, as boric acid, gypsum or the like, lower end of inner tube 8 as shown In Fig. 3,
In the operation of the fuse shown in Figs. 1, and this partition disk is provided with a sub-
2, 4 and 5, upon the occurrence of a short cir- stantially centra] aperture 38 for receiving the

cuit, fuse wire 18 melts first, since it has g lower 79 lower end of fuse wire 18 and the upper end of
melting point than fuse wire 10. However, fuse fuse wire 18 to be Secured therein, for example,
wire 10 also melts substantially immediately as by soldering or the like. A c¢oj] compression
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tact between terminal cap 4, resistors 34 and

partition disk 36. Instead of utilizing powdered -

are extinguishing material, such as the material
32 described in connection with the embodiment
of the invention shown in Fig. 1, it is preferred
to use blocks 42 which may be of the same
material as the material 32 previously referred
to, but compressed or otherwise formed finto
blocks with a passage 43 extending substantially
centrally through each block to receive fuse wire
8. It will be noted that in this embodiment
of the invention fuse wire 18 extends downwardly
through an aperture 44 in end cap 6 and through
an aperture in an indicating disk 46, to be bent
over and secured to the disk as at 45, by solder
© or the like. » ‘

A spiral compression coil spring 48 is provided
between indicating disk 46 and.end cap 6, with
the outer coil 80 of the spring secured to indicat-
ing disk 48, for example, 8s by soldering or the
like; and the inner’ coil 52 of the spring is se-
cured to end cap 6 in‘a like manner. As shown
in Fig. 3, normally fuse wire {8 maintains spring
48 in a compressed condition so that the indi-
cating disk 46 lies closely adjacent the end cap 6.

The operation of this embodiment of the in-
vention is substantially identical with that of the
embodiment of the invention illustrated in Figs.
1, 2, 4 and 5, of the drawing, and therefore it
will not be again specified in detail to avoid
repetition. On short circuits, both fuse wires 18
and 10 will blow as before, the current will be
shifted ‘to resistor blocks 34, and finally inter-
rupted in bores 43 through blocks 42. Obvious-
ly as soon as fuse wire 18 melts, coil spring 48
will not only act to withdraw any lower un-
fused portion thereof, but will also act to move
indicating disk 46 to a projecting position with
respect to the terminal cap 6 to thereby provide

. a readily visible indication that -the fuse-has
plown. This position of the indicating disk 46
is shown in Fig. 6 of the drawing.
~ As previously stated, fuse
{ower currents than fuse wire 10, with fuse wire
{8 preferably being of & size to interrupt currents
according to the rating of the fuse and may,
for example, be fusible on currents of 1 or 2
amperes, whereas fuse wire {0 need not blow un-
til the current exceeds a value above which it is
desirable to limit the current in order to pre-
vent damage to circuits and apparatus served
thereby, and therefore fuse wire 10 may, for ex-

/ample, not fuse until currents reach a relatively

/high value such, for example;, as 80 amperes.

/ Prom this illustration, it is obvious that when

fuse wire 18 blows on relatively small currents,
that is, in the illustration given, currents less
than 80 amperes, fuse wire 10 need not blow at
all inasmuch as these currents can be easily in-
terrupted by fuse wire '18 due to elongation of
the arc formed by coil spring 26 of
ment shown in Fig. 1, and spring 48 in the em-

bodiment shown in Fig. 3, along the arc ex-.

tinguishing material 32 or 42, to thereby in-
crease the arc voltage by elongation of the arc,
and evolution of arc extinguishing ‘gas in the
path of the arc will extinguish the arc. ~Such a
method of extinguishing an arc, if limited to
low current arcs, can be carried out by means
assembled in a relatively small space, and, ac-
cordingly, the structures illustrated, since they
will never be icalled upon to interrupt large
amounts of current due to the efficient current
limiting action thereof, can be made of relatively

the embodi- .

3

In the foregoing there has been disclosed mod-
ifications of & novel type of current limiting fuse
having novel means for mounting a shunt fuse
for a ciurrent limiting resistor means, to obtain .
exceptionally quick transter of the current from

" the shunt path to the resistor. A novel arrange-
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simple and compact construction as illustrated. 75

ment of parts in a fuse including a resistor and
shunt and series fuses has also been disclosed,
together with novel biasing means for the se-

‘ries fuse which may also include an indicating

means for indicating the condition of the fuse,

Having particularly described preferred embod-
iments of the invention as provided in the pat-
ent statutes, it should be understood that the in-
vention is not to be limited to the specific embodi-

ments herein disclosed, inasmuch as it will be

obvious, particularly to persons skilled in the art,
that many changes and modifications may be
made. in these particular constructions without
departing from the broad spirit and scope of this
invention. Accordingly it is desired that the in-
vention be Interpreted as broadly as possible and
that it be limited only by the prior art and by
what is expressly stated in the following claims.

We claim as our invention:

1. In a circuit interrupter, a pair of telescoping
loosely threadedly engageable members of in-
sulating material with the thread on each of
said members comprising a multiple thread so as
to provide a plurality of separate, restricted spiral
arc passages at the bases of the threads on at
least one of sald members, and means for strik-
ing an arc¢ in-one of said arc passages, whereby
the intermediate threads provide a tortuous path
between successive turns of said one passage.

2. In a circuit interrupter, a pair of telescoping
loosely threadedly engageable members of in-
sulating material with the thread on each mem-
ber substantially entirely filling the thread groove
‘on the other member so as to form a restricted
spiral arc passage at the base of a thread on at
least one of said members, a fusible wire posi-
tioned in said passage, and means of insulating
material for sealing said wire in said passage and
for sealing off adjacent turns of said passage to
further restrict said arc passage and to prevent
flashover between the turns thereof.

3. In a circuit interrupter, means of insulating
material having a surface provided with a plural-
ity of spaced, substantially parallel continuous
grooves therein to form arc passages, a second
means of insulating material having a surface
contiguous with respect to said grooved surface,
and having a plurality of correspondingly spaced
and parallel continuous projections adapted to
substantially fill said grooves to restrict said arc
passages with said members maintained in sub-
stantially fixed relation, and means for striking
an arc in certain of said passages, with at least
onie other passage between said certain passages
to provide a tortuous path therebetween.

4. Tn a circuit interrupter, a pair of telescoping
loosely threadedly engageable members of in-
sulating material adapted to form a restricted
spiral arc passage at the base of a thread on
at least one of said members, a fusible wire posi-
tioned in said passage, and means of insulating
material which is capable of evolving an arc ex-
tinguishing gas when in proximity to an electric
arc for sealing said wire in said passage and for
sealing off adjacent turns of sald passage to
further restrict said arc passage and to prevent
fiashover between the turns thereof.

5. In & circult interrupter, means of insulating
material having a surface provided with a con-
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tinuous groove therein to form &n Arc passage,
& second means of insulating material having a
surface contiguous with respect to said grooved
surface, and having & continuous projection
adapted to substantially fill said groove to re-
ctrict sald arc passage with said members main-
tiined in substantially fixed relation, means for
siriking an arc in sald passage, and means of a
material capable of evolving an arc extinguish-
ing gas when in proximity to an electric arc for
sealing said passage.

6. In a circuit interrupter, a pair of loosely
threadedly engaged, telescoping tubes of insula-
tion material, adapted to form a restricted spiral
arc passage at the base of a thread on at least
one of said members, means for striking an arc
in said arc passage, and current limiting means
located in the inner one of said tubes and con-
nected ir parallel relation with said means for
striking an arc.

7. In & fuse, a fuse tube having terminals ad-
Jacent opposite ends thereof, an inner tube tele-
scopically engaging at least a portion of the
inner wall of said fuse tube, at least one of said
tubes having a shallow spiral groove on the syr-
face confronting the other tube to form & re-
stricted spiral arc bassage, current limiting means
In said inner tube, a fuse wire positioned in said
bassage, .and shunting said current Umiting
eans, and means connecting sald current limit-
ing means and fuse wire between said terminals.

8. In a fuse, & fuse tube having terminals
adiacent opposite ends thereof, an inner tube
telescopically engaging at least a portion of the
inner wall of said fuse tube, at least one of said
tubes having a shallow spiral groove on the sur-
face confronting the other tube to form a re-
stricted spiral arc passage, current limiting
means in said inner tube, a fuse wire ‘positioned
in said passage and shunting said current limit-
ing means, and meang connecting sald current
limiting means and fuse wire between said ter-
minals including fusible means.

9. In a fuse, a fuse tube having end terminal
closure means at opposite ends thereof, trans-
verse terminal partition means in said tube in-
termediate the ends thereof to form a pair of
chambers, current limiting means in one of said
chambers, resilient means for maintaining said
current limiting means in engagement with at
least one of said terminal means, shunt fusible
means for said current limiting means, and series
fuse means connecting said current limiting
means to another of said terminal means.

10. In a fuse, & fuse tube having terminals
adjacent opposite ends thereof, current limiting
means and shunt fusible means therefor con-
nected to one of said terminals, series fusible
means connecting said current limiting means
and shunt fusible means to the other of said
terminals, and means biasing said series fusible
means to separate the ends thereof when said
series fusible means fuses.

11. In & fuse, a fuse tube having terminalg
adjacent opposite ends thereof, current limiting
means and shunt fusible means therefor con-
nected to one of said terminals, series fusible
means connecting said current limiting means
and shunt fusible means to the other of said ter-
minals, means biasing said series fusible means
to separate the ends thereof when said series

10

" means located in the inner one
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fusible means fuses, and indicating means mov-
able to a projecting bosition with respect to said
fuse tube by said biasing means when the fuse
blows.

12. In a circuit interrupter, means of insulat-
ing material having a surface provided with a
continuous groove therein to form an arc pas-
sage, a second means of insulating material
having a surface contiguous with respect to said
grooved surface to cover said groove, a fuse wire
In said groove, and means of an insulating ad-
hesive material in said groove for sealing said
wire therein and securing said insulating means
together.

13. In a circuit interrupter, a pair of telescop-
ing loosely threadediy engageable members of in-
sulating material adapted to form & restricted
splmmpnssageatthebaseoflthm.don
at least one of said members, a fusible wire posi-
tioned in said pasage, and means of an insulat-
ing adhesive material for sealing sald wire in
sald passage, sealing off adfacent turns of said
passage to further restrict said &rc passage and
to prevent flashover between the turns thereof,
and for securing said members together.

14. In a circuit interrupter, a pair of telescop-
ing tubes of insulation material, at least one of
sald tubes having a shallow spiral groove on the
surface confronting the other tube to form a re-
stricted apiral arc bassage, means for striking
an arc in said arc passage, and current limiting
of said tubes
and connected in parallel relation with said
means for striking an arc.

15. In & fuse, a fuse tube having end terminal
closure means at opposite ends thereof, trans-
verse terminal partition means in said tube
intermediate the ends thereof to form o
pair of chambers, current limiting means in
one of said chambers, resilient means for main-
taining said current limiting means in engage-
ment with at least one of said terminal means,
shunt fusible means for sald current limiting
means, and series fuse means in the other of
said chambers connecting sald current limiting
eans to another of sald terminal means.

16. In a fuse, a fuse tube having terminals
adjacent opposite ends thereof, an inner tube
telescopically engaging at least a portion of the
inner wall of said fuse tube, at least sald inner
tube having a shallow substantially spiral groove
on the periphery thereof to form with said fuse
tube a restricted substantially spiral arc pas-
sage, current limiting means in said inner tube,
8 fuse wire positioned in said passage in shunt
relation with said current limiting means, and
means connecting said current Hmiting means
and fuse wire between said terminals.

17. In & fuse, a fuse tube having terminals
adjacent opposite ends thereof, current limiting
means and shunt fusible means therefor con-
nected to one of said terminals, series fusible
means connecting said current limiting means
and shunt fusible means to the other of said
terminals, said shunt fusible means having a
higher melting point than said serfes fusible
means, and means biasing said series fusible
means to separate the ends thereof when said
serles fusible means fuses.

HERBERT L. RAWLINS,
HOWARD W. GRAYBILL,




