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The present invention relates to electric fuses, and
more particularly to a detonator fuse in which the in-
sulator is partially covered with a film of metallic ma-
terial serving as conductor between its electrodes. This
metallic film evaporates when the electrodes are con-
nected to a source of electric current and brings about
a jump spark between the electrodes to initiate detona-
tion by igniting the primer charge.

Proposals have been made to provide the insulators
in certain types of detonator fuses with a metallic coat-
ing which covers all but that end face of the insulator’s
body which is not in contact with the detonator. Such
known fuses gemerally comprise a rivet-shaped metallic
center electrode received in the generally cylindrical
insulator, and a sleeve-like output electrode which latter
simultaneously serves as a housing for the ignition
charge.

According to another proposal, the igniter comprises
two spaced metallic wire electrodes enclosed in a spheri-
cal glass insulator. The outer surface of the spherical
insulator is provided with a strongly adherent metallic
coating having a predetermined electrical resistance and
in conductive contact with the wire electrodes.

Proposals were also made to apply a coating to the
insulator of an igniter fuse in such a way that the metal-
lic film provides one or more paths for high-density
current when the electrodes are connected with a current
source. Ome or more contactors, e.g. suitably profiled
metallic wires connected with one of the electrodes, are
in conductive contact with a coated surface of plane
or other specific configuration. The fuse constructed in
accordance with this invention is somewhat similar to
this last-mentioned class of devices but constitutes a con-
siderable improvement thereover in that it satisfies cer-
tain requirements which are not or only partially met by
the known devices of this general character.

An important object of the invention is to provide
an improved igniter fuse for use in detonators and the
like which is of very simple construction and particu-
larly suitable for mass production.

Another object of the invention is to provide a fuse
of the above described character which consists of a
small number of component parts.

A further object of the invention is to provide a fuse
so constructed that the spark produced upon connection
of its electrodes to a current source is at a predetermined
location so disposed as to be in immediate proximity of
the detonator’s primer charge.

An additional object of the present invention is to pro-
vide a detonator fuse comprising an insulating element
of such configuration as to facilitate convenient and
fully controllable application of a metallic film to selected
areas thereof.

A still further object of the invention is to provide
a detonator fuse comprising an insulator so constructed
as to facilitate application thereto of a metallic film hav-
ing a uniform ohmic resistance.
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A yet further object of the invention is to provide a
fuse comstructed with such tolerance as to permit its
insertion into a detonator with practically constant and
uniform forces.

The invention is based on the recognition that if one
contacts the surface. of a thin homogeneous metallic
film connected to one pole of a current source, with
the pointed end of a conductor conmected to the other
pole of the current source, the metallic film melis due
to high current density at the point of contact and the
melting occurs with such velocity that an observer’s eye
registers it as a spark. It has been further observed that

“the spark develops at that side of the contact point be-

tween the end of a conductor and the surface of a metallic
film which is opposite to the point of connection between
the metallic film and the pole of a current source con-
nected thereto.

Based cn this recognition, the aforementioned and
many other important objects are attained by the pro-
vision of an electric fuse comprising an insulator dis-
posed between a pair of current supplying electrodes and
a metallic film applied to a selected surface area of the
insulator in such a way as o provide a conductive con-
mection and at least one path for high-density current
between the electrodes. The selected surface which is
coated by the metallic film is disposed on a projecting
portion of the insulator, the projecting portion being of
such shape as to have a continuous or, if desired, several
contiguous surfaces.

According to another feature of my invention, the pref-
erably cylindrical insulating body is formed with a cen-
tral channel or bore, at least a poition of the bore having
a slight taper to receive one of the electrodes. A part
or the entire peripheral zone of the center electrode re-
ceived in the insulator’s bore is conically shaped, the
conical zone being received in the tapering portion of
the bore, preferably in self-locking relationship. The
other electrode is shaped as a cylinder surrounding the
peripheral zone of cylindrical insulator and has at Ieast
one pointed contactor extending along the coated sur-
face of the insulator’s projection toward but short of the
center electrode. The projection or protuberance of the
insulator extends from an end surface of the latter and the
metallic coat covers not only said projection but also
at least a portion of the ipsulator in its bore. Thus,
the center electrode is in contact with the metallic film
in the insulator’s bore while the surrounding or output
electrode contacts only selected portion or portions of the
film by its contactor or contactors extending along the
latter toward but short of the center electrode.

By forming at least a portion of the central bore in
the insulating element with a predetermined taper ad-

‘jacent to that end face from which the protuberance

extends, the thickness of the metallic film in the bore
may be increased as compared with the thickness of the
film covering the outer surface of the protuberance. In
addition, selected zones of the metallic film may be made
of uniform thickness which is particularly important in
the insulator’s bore since the latter must snugly receive
and preferably lockingly engage the aforesaid conical por-
tion of the center electrode.

The angle of inclination of the insulator’s bore prefer-
ably should not exceed 4.5 degrees since, by increasing
the angle beyond this value, the self-locking engagement
of the tubular center electrode would be impaired.

An additional advantage of such conical center elec-
trode and self-lockingly receiving tapered bore in the
insulator is in that the electrode remains in conductive
contact with the metallic film despite eventual slight longi-
tudinal displacements in the insulator as long as the
Stresses resulting from snug insertion of and pressures
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existing between these elements are held within Hooke’s
law.

Moreover, the above-described construction takes into
full -consideration the requirement that sparks between
the metallic film and the output electrode should develop
at that side of the contactor which is opposed to the pole
connection of the metallic layer. Accordingly, the direc-
tion in which the spark develops is fully controlled by
the improved construction. Full control of the spark is
essential for proper operation of an igniter, and the novel
device thus represents a considerable improvement. The
primer should be closely adjacent to the point at which
the spark develops as only such positioning insures safe
and satisfactory ignition. Since, as above mentioned, the
improved fuse provides for full control of the point where
the spark develops, the placing of a primer may be
selected accordingly and its ignition insured at all times.
All this, as above stated, is attained by the provision of
an insulator having a bore and a protuberance projecting
beyond one of its end faces, a metallic film applied to
the outer surface of the insulator’s protuberance and also
coating at least a portion of the insulator in its bore, a
preferably conical center electrode fitting into the bore
and contacting the metallic film therein, and an cutput
electrode which defines at least one pointed coatactor
extending toward and along the protuberance to provide
a path for high-density current when the electredes are
connected to a current source. The protuberance extend-
ing from an end face of the generally cylindrical insulator
is preferably of comical or pyramidal contour and the
pointed contactor or contactors of the output electrode
extend from an annular flange forming an integral part
of the latter and located adjacent to the outer edge of
the insulator’s end face from which the protuberance
extends.

The pressure with which the contactor or contactors
bear against the metallic layer covering the insulator’s
protuberance may be controlied by flanging the other
end of cylindrical output electrode along the other end
face of the insulator.

When the improved fuse is inserted into a detonator,
the primer charge not only penetrates into the interior
of tubular center electrode and thus increases the pres-
sure between said electrode and the metallic film in insu-
lator’s bore, but the primer charge also slides along outer
surfaces of the protuberance and bears against the con-
tactor or contactors of the output electrode.

Proper adherence of my improved fuse to, and satis-
factory retention thereof in, a detonator is attained in
that both the fuse and the detonator’s bore are machined
with a certain tolerance. In this manmner, a generally
uniform pressure of the fuse against a primer charge in
the detonator is insured.

The insulator of my improved fuse is preferably manu-
tactured of a suitable ceramic. However, it may also
be made of a synthetic material, for example, a resin or
the like. Pressures between the insulator and center elec-
trode should be held below the maximum pressure allow-
able for the material of which the insulator is made to
avoid any damages or eventual destruction of the latter.
Moreover, the specific pressure acting against a unit area
of the peripheral zone of conical center electrode should
not exceed the allowable maximum specific pressure
allowable when a ceramic insulator is used. Co

The output electrode which, as above mentioned, pref-
erably comprises a cylindrical body surrounding the pe-
ripheral zone of a generally cylindrical insulator, a fiange
cxtending a short distance along that end face of the
insulator from which the protuberance extends, this
flange being extended into at least one pointed contactor
in contact with the metallic film coating applied to the
outer surface of the protuberance, and a flanged portion
adjacent to the other end face of the insulator, may be
“made of silver as silver does not react with the material
of primer charge. It is advisable to form the contactors
of output electrode in such a way as to uniformly dis-
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4
tribute bending stresses over the entire cross-sectional
area of each contactor. The contactors are of basically
triangular shape, that side which is common with the
flange of the output electrode being equal to the height
of the triangular members. It is preferred;, however, to
so form the contactors that thiey comprise a triangular
and a generally rectangular portion with one.side of
the rectangular portion integral with the flange of the
output electrode. Such shape of the contactor may be
attained by cutting off from the originally triangular
clement a pair of relatively small triangular portions ad-
jacent to the flange to thus slightly reduce the length of
connection between a contactor and said flange, whereby
the former may be bent with greater facility and may
conform to preferably conical or pyramidal configura-
tion of protuberance on the insulator’s end face. In this
manner; the tip of each contactor is in firm point contact
with the metallic film coating applied to the outer surface
of the insulator’s protuberance.

The height of rectangular section of each contactor in
radial direction of the output electrode may be some-
where between one-third and one-fourth of the overall
height of the contactor.

The novel. features which are considered as charac-
teristic for the invention are set forth in particular in
the appended claims. The invention itself, whoever, both
as to its construction and its method of operation, to-
gether with additional objects and advantages thereof, will
be best understood from the following description of a
specific embodiment when read in connection with the
accompanying drawings, in which:

Fig. 1 illustrates the improved fuse in axial section;

Fig. 2 is an end view of the fuse; and

Fig. 3 is an enlarged- detail view of a contactor form-
ing part of the output electrode.

Referring now in greater detail to Fig. 1, the improved
fuse therein shown comprises a cylindrical body 1 of in-
sulating material, preferably a ceramic of good shaping

characteristics. Ome (in Fig. 1 the upper) end face 1a -

of insulator 1 is formed with a conceniric protuberance
1b having its outer surface 2 inclined with respsct to the
general plane of said end face. Thus, by cutting off pro-
tuberance 1/ along broken line 3 in the general plane of
end face 1a, one would obtain a hoilow pyramidal of
preferably conical body, the latter form being shown in
Fig. 1. Surface 2, rounded annular ridge 6, and surface
4 of the wall surrounding the bore & which latter is co-
axial with cone 1b of the insulator 1 are coated with a
metallic layer 5 indicated in Fig. 1 in somewhat heavier
broken lines. Surface 4 surrounds not only that portion
of the bore § which traverses conical member 1b but
extends further to terminate at a point indicated by refer-
ence numerals 7. By shaping the insulator 1 and its
conical extension 1b in the above described manner, it
is possible to increase the thickness of metallic layer 5§
on the surfaces 6 and 4 as compared with the thickness
of said layer along the surface 2 of conical protuber-
ance 1b.

The diameter of bore 8 in insulating member 1 de-
creases gradually from ridge 6 in the direction of arrow
©. This bore receives a tubular center electrode 10
whose portion received in the tapering portion of bore 8
between ridge 6 and broken line 11 is of conical contour,
its conicity corresponding-to the taper of bore 8. Ascan
be observed upon a more careful inspection of Fig. 1,
the taper of bore 8 is not uniform, ie. it is more pro-
nounced between ridge 6 and line 1, less pronounced
between lines 11 and 12, and the bore becomes cylindri-
cal beyond line 12. Greater taper at the coated end of
bore 8 allows for more convenient application of metal-
lic layer 5 and for self-locking of center electrode 10
therein. The cone angle of electrode 10 depends upon
the nature of metallic layer 5 as well as upon the mate-
rial of electrode 1¢ itself. In the illustrated embodi-
ment, the angle is 4.5 degrees, it being assumed that the
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metallic layer 5 is a palladium-silver alloy and that the
electrode 1@ is made of silver or another metal. The
taper of bore 8 between broken lines 11 and 12 is con-
siderably smaller, mainly due to manufacturing require-
ments. Center electrode 19 is cylindrical beyond line
18a.

Even though the electrode is self-lockingly inserted
into the metallic coat 5, it is advisable to provide addi-
tional locking means to prevent its displacements in the

direction opposed to that indicated by arrow 9. In the

embodiment of Fig. 1, a cylindrical sleeve 13 partially
surrounds that portion of electrode 18 which extends be-
yond the end face ic of the insulating member. Mem-
her 13 is secured to electrode 18 by soldering, by a glue,
or in any other suitable way. By abutting against the

end face 1c of insulator 1, sleeve 13 positively prevents

any displacements of the electrode. Element 13 may be
omitted altogether and the peripheral zone of electrode
19 which projects beyond and is adjacent to end face Ic
may be coated with a layer of glue, e.g. a synthetic
resin; or a tenmsioning ring may be drawn tight about
electrode 18 in abutting relationship with end face ic of
the insulator.

Output or collector electrode 14 is of cylindrical con-
tour and surrounds the peripheral zone of insulator 1.
One end thereof defines an inwardly extending flange 15
adjacent to the end face fa of the insulator, the flange
having at least one pointed contactor 16 which extends
toward and along the surface 2 and is thus in conductive
contact with metallic coating 8. It is desirable to so in-
stall the output electrode that the contactor or contactors
16 ‘exert a predetermined pressure against the metallic
coating. In the illustrated embodiment, the pressure be-
tween members 15, 16 on the one hand, and insulator 1
with its projecting portion 15 on the other hand is cre-
ated by flanging the other end of output electrode 14; the
so formed concentric flange 17 extends along end face
1c of the insulator and positively holds the flange 15 and
contactor or contactors 16 in contact with the end face
1a and conical surface 2, respectively.

As shown in Fig. 2, the flange 15 of output electrode
14 is provided with three pointed contactors 16.

Fig. 3 is drawn to greatly enlarged scale and illustrates
the preferred shape of a contactor 16. The latter con-
sists of a pointed portion 16a having the shape of an
isosceles triangle whose base is integral with a Jonger
side of rectangular portion 165. The other longer side
of portion 16b is joined with flange 15 as is indicated by
the broken line 19. Contactor 16 is formed by cuiting
off a pair of smaller triangular portions 16c, 16d from
the originally triangular member 16 along a pair of par-
allel lines extending between points 18 and the imagi-
nary base 19 of the contactor. By cutting off said tri-
angular portions 16c, 16d, contactor 16 may be bent with
greater ease along broken line 19 and may thus conform

to the configuration of conical portion b of the insulat-

ing member.

Without further analysis, the foregoing will so fully re-
veal the gist of the present invention that others can by
applying current knowledge readily adapt it for various
applications without omitting features that, from the
standpoint of prior art, fairly constitute essential char-
acteristics of the generic or specific aspects of this inven-
tion and, therefore, such adaptations should and are in-
tended to be comprehended within the meaning and range
of equivalence of the following claims.

What is claimed as new and desired to be secured by
Letters Patent is:

1. In an electrical detonator fuse, in combination, a
substantially cylindrical body of insulating material hav-
ing a transverse end face; an axial protuberance on said
end face, said protuberance having an inclined side por-
tion defining a predetermined acute angle of inclination
with said transverse end face, said bedy being formed
with an axial bore terminating in an opening in said pro-
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tuberance; an inner tubular electrode extending through
and fitted to said bore; a film of metallic material on said
protuberance and extending on said body of insulating
material at least partly into said bore for contact with
said tubular electrode; and an outer electrode member
secured to said body adjacent the circumference of said
fransverse end face and extending therefrom in a radially
inward and axially outward direction toward said inclined
side portion of said protuberance, said outer electrode
member ending in pointed contactors contacting said
film of metallic material on said protuberance.

2. In an electrical detonator fuse, in combination, a
substantially cylindrical body of insulating material hav-
ing a transverse end face; an axial protuberance on said
end face, said protuberance having a conical side por-
tion defining a predetermined -acute angle of inclimation
with said transverse end face, said body being formed with
an axial bore terminating in an opening in said protuber-
ance; an inner tubular electrode extending through and
fitted to said bore, said electrode having a portion out-
wardly flaring toward said opening in said protuberance
and projecting therefrom; a film of metallic material on
said protuberance and extending on said body of insulat-
ing material at least partly into said bore for contact with
said tubular electrode; and an outer electrode member
secured to said body adjacent the circumference of said
fransverse end face and extending therefrom in a radially
inward and axially outward direction toward said conical
side portion of said protuberance, said outer electrode
member ending in pointed contactors contacting said flm
of metallic material on said protuberance.

3. In an electrical detomator fuse, in combination, a
substantially cylindrical body of insulating material having
a transverse end face; an axial protuberance on said end
face, said protuberance having an inclined side portion
defining a predetermined acute angle of inclination with
said transverse end face, said body being formed with
an axial bore terminating in an opening in said protuber-
ance; an inner tubular electrode extending through and
fitted to said bore, said electrode having a portion out-
wardly flaring toward said opening in said protuberance
and projecting therefrom; a film of metallic material on
said protuberance and extending on said body of insulating
material at least partly into said bore for contact with
said tubular electrode, the thickness of said metallic film
on said protuberance increasing in a direction radially
inward to said bore: and an outer electrode member
secured to said body adjacent the circumference of said
transverse end face and extending therefrom in a radially
inward and axially outward direction toward said inclined
side portion of said protuberance, said outer electrode
member ending in pointed contactors contacting said film
of metallic material on said protuberance.

4. In an electrical detonator fuse, in combination, a
substantially cylindrical body of insulating material having
a transverse end face; an axial protuberance on said end
face, said protuberance having an inclined side portion

‘defining a predetermined acute angle of inclination with

said transverse end face, said body being formed with an
axial bore terminating in an opening in said protuberance
and having an outwardly flaring portion adjacent said
opening; an inner tubular electrode extending through and
fitted to said bore, said electrode having a portion out-
wardly flaring toward said opening in said protuberance
and projecting therefrom; a film of metallic material on
said protuberance and extending on said body of insulating
material at least partly into said bore for contact with
said tubular electrode; and an outer electrode member
secured to said body adjacent the circumference of said
transverse end face and extending therefrom in a radially
inward and axially outward direction toward said inclined
side portion of said protuberance, said electrode member
ending in pointed contactors contacting said film of metal-
lic material on said protuberance.

5. In an electrical detonator fuse, in combination, a
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substantially cylindrical body of insulating material hav-

ing two opposite transverse .end faces; an _axial .protuber-
ance of substantial]y frustoconical configuration on one
of said ‘end fdces, said ‘body being formed with an axial

bore therethrough terminating in.one opeaing in.said pro- -

tuberance and another opening in the other one .of said
end faces; an inner tubular electrode extending ‘through
and fitted to said bore, said electrode having a portion
outwardly flaring toward said ome opening and project-
ing therefrom and another portion ‘projecting from said
other opening, said other portion of said tubular electrode
being secured to said body of insulating material; a film
of metallic material on-said protuberance and extending
_ on said body of insulating material at least partly into
said bore for contact with said tubular -¢lectrode; and an
outer electrode member secured to said body adjacent the
circumference of said one -transverse end face and ex-
. tending therefrom in a radially inwaid and axially out-
ward direction toward said inclined side portion of said
protuberance, said outer electrode member ending in
pointed contactors contacting said film of metallic mate-
rial on said protuberance. ]

6. In .an electrical detonator fuse, in combination, a
substantially cylindrical body of insulating material -hav-
ing a transverse end face; an axial protuberance on said
end face, said protuberance having an inclined side por-
tion defining a predetermined acute angle of inclination
with said transverse end face, said body being formed with
an .axial bore terminating in an opening in said pro-
tuberance; an inner tubular electrode extending through
and fitted to said bore, said electrode having a portion
outwardly -flaring toward said opening ‘in said protuber-
ance and projecting therefrom; a film of metallic material
on said protuberance and extending on said body of in-
sulating material at least partly into said bore for contact

8 :
tion defining a’predetermined acute angle .of inclination
with said -transverse end face, said body being formed

. with an axial bore. terminating in an opening in said
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with said tubular electrode; a cylindrical outer electrode

on the cylindrical surface of said body of insulating mate-
rial; a flange portion integral with said cylindrical elec-
trode and extending radially inward over the circumfer-
ence of said transverse end face; and a plurality of pointed
contactors -integral with said flange portion and project-
ing therefrom in a radially inward and -axially outward
direction and contacting said film of metallic ‘material
on said protuberance.

7. In an elecirical detonator fuse, in combination, a
substantially cylindrical body of insulating material hav-
ing a-transverse end face; an axial protuberance on said
end face, said protuberance having an inclined side por-
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protuberance; an inner tubular electrode extending
through .and fitted to -said bore, said electrode having
a portion outwardly flaring toward said opening in said
protuberance and projecting therefrom; a film of metal-
lic material on said protuberance and-extending on said
body of insulating material at least partly into said bore
for contact with said tubular electrode; and an outer
electrode member having a base portion secured to said
body adjacent the circumference of said transverse end
face and at least ome pointed portion extending . from
said base portion in a radially inward and axially out-
ward -direction toward said inclined side portion of said
protuberance for contact of said pointed portion with said
film of metallic material on said protuberance.

8. In an electrical’ detonator fuse, in combination, a
substantially cylindrical body of insulating material hav-
ing a transverse end face; an axial protuberance on said
end face, said protuberance having an inclined side por-
tion defining a predetermined acute angle of inclination
with said transverse end face, said body being formed

with an axial bore terminating in an opeming in said -

protuberance; am inner = tubular electrode extending
through and fitted to said bore, said electrode having
a portion outwardly flaring toward said opening in said
protuberance and projecting therefrom; a film of metallic
material on said protuberance and extending on said body
of insulating material at least partly info said -bore for
contact with said tubular electrode; and an outer -elec-
trode member having a substantially rectangular base por-
tion secured to said body adjacent the circumference of
said transverse end face and at least ome substantially
triangular pointed portior extending from -said base por-
tion in a radially inward and axially outward direction to-
ward said inclined side portion of said protuberance for
contact of said substantially triangular portion thereof
with said film of metallic material on said protuberance.
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