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(54) CURRENT LIMITING FUSE DEVICE

(71)  We, HINODE ELECTRIC MACHINE
COMPANY LIMITED,, a Japanese Company, of
No. 7-18, 2-Chome, Higashi-Mukojima, Sumida-
ku, Tokyo, Japan, do hereby declare the inven-
tion, for which we pray that a patent may be
granted to us, and the method by which it is to
be performed, to be particularly described in
and by the following statement: —

The present invention relates to an improve-
ment in a fuse device, particularly to a current
limiting fuse device for protecting a semicon-
ductor element for use in a large current circuit
from excess current.

With improvement of semiconductor ele-
ment techniques in recent years, a semiconduc-
tor rectifier element such as a diode or a thyris-
tor may be used instead of a conventional mer-
cury converter or power rectifier as an AC-DC
or DC-AC converter for direct current trans-
mission. As is well known, however, a semi-
conductor element has a lower tolerance for
excess current and a greater thermal fragility as
compared with the mercury converter. There-
fore, previously, a semiconductor rectifier ele-
ment having a current capacity which is far
larger than the rated current, i.e., sufficiently
resistant against the large current generated in
case of a short-circuit accident in the direct
current transmission system, has been used so
as to avoid any trouble.

In this case, however, the cost of equip-
ment becomes unavoidably expensive, there-
fore it has been proposed that the known
current limiting fuse recently used in alter-
nating current systems be inserted in series with
the semiconductor rectifier element, the fuse
element being fused before a large current such
as a short-circuited current reaches the current
value which causes thermal breakdown of the
semiconductor rectifier element so as to protect
the element. However, in the current limiting
fuse widely used hereinbefore, a fuse device
filled with quartz power around the periphery
thereof having a flat-sheet silver fuse element
with a notched or narrow width portion in a
pressure container, has a continuous maximum
current of about 1000A at the highest, but its
cut-off time is very long such as more than 10-
20 milliseconds. In the semiconductor conver-
ter, at least 1000A is requiréd as the continuous
maximum current and a cut-off time of less
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than several milliseconds is required. As a
result, such a fuse is incapable of protecting the
semi-conductor converter.

It is possible to meet the cut-off time
requirement by making the cross-section of the
fuse element small so as to make the fusing heat
amount small, but the heat generation in the
fuse element becomes large so as to lower the
continuous maximum current. Accordingly, a
new technique should be used, otherwise no
current limiting device for protecting a semi-
conductor AC-DC converter with a construc-
tion of the conventional current limiting fuse
device can be obtained.

An object of the present invention is to pro-
vide a current limiting fuse device having a large
continuous current, a small fusing heat amount
and a fast operating characteristic.

Another object of the present invention is to
provide a current limiting fuse device having a

broad applicable range from a low voltage to an

extra-high voltage.

A further object of the present invention is
to provide a current limiting device having a
high operating power characteristic in which
heat from the fuse element generated by the
transmission current is actively and largely re-
moved by convection of a cooling and insulat-
ing oil, thereby making the operating current
remarkably large as compared with that for a
normal temperature, further making the cross-
sectional area of the fuse element small so as to
reduce the fusing time.

The current limiting fuse device according
to the present invention comprises a cylindrical
body, a hollow fuse element inside said cylin-
drical body having the ends sealed to said cylin-
drical body and having a bore therethrough in
the direction of the longitudinal axis of said
cylindrical body, said cylindrical body having a
space between said cylindrical body and said
hollow fuse element, an arc suppression agent
in the space between said cylindrical body and
said hollow fuse element, an outer casing en-
closing said cylindrical body and defining a
space around said cylindrical body, a pair of
conductive terminals, each electrically con-
nected to a respective end of said hollow fuse
element and projecting out of said outer casing,
and a cooling and insulating oil enclosed in the
space between said outer casing and said cylin-
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2 1 589 695 2

drical body and said bore of said hollow fuse
element.

The outer casing may comprise two parts
and these parts are joined with each other.

Figure 1 is a partly broken front view show-
ing an outline of one embodiment of a fuse
device according to the present invention;

Figure 2 is a right side view of the device of
Figure 1;

Figure 3 is a front view showing another
embodiment of a fuse device according to the
present invention; and

Figure 4 is a right side view of the device of
Figure 3.

One embodiment of a current limiting fuse
device according to the present invention is
shown in Figures 1 and 2. In this embodiment
an outer casing 1 is filled with a suitable
amount of a cooling and insulating oil 2 under a
pressure of one atmosphere or more. Cylindri-
cal body 4 has an arc suppression agent 5 such
as quartz particles and a hollow fuse element 6
sealed therein and is immersed in the cooling
and insulating oil 2. The hollow fuse element 6
has an inner bore 7 in the longitudinal direc-,
tion, and is coupled to a pair of conductor ter-
minal holding fittings 3 at either end in a con-
ductive relationship and is further bridged be-
tween this pair of fittings 3 for constantly per-
mitting the flow of the cooling and insulating
oil 2 filling in the casing 1 through the inner
bore 7. Element 8 is an end sealing annular
body of the cylindrical body 4 and the end por-
tions of the fittings 3 are secured to this annu-
lar body 8 by a screw (not shown). Connecting
the cylindrical body 4 with the fitting 3 by
screws is preferable for repairing the fuse de-
vice. Therefore, when repair, i.e., exchange of
the fused fuse element is not required, other
connecting means can be used.

The other ends of the conductor terminal
holding fittings 3 project outwards by passing
through a side plate of the casing 1. Oil leakage
from the casing 1 or permeation of air into the
casing 1 between the side plate of the casing 1
and the penetrating portion of the fitting 3 is
positively prevented by superposing a shield
member 10. This shield member 10 may be a
rubber bushing having oil resistance and large
electrical insulation resistance. In principle, it is
necessary to provide electrical insulation and
water-tightness between the conductor portion
and the outer casing 1. Silicone oil in the syn-
thetic insulating oil series may be used in this
embodiment as the cooling and insulating oil 2
filled in the outer casing 1. Chlorinated oil
with a proper erosion inhibitor added, sulfonic
oil, fluorinated oil and the like, and insulating
oil in the mineral oil series may be used the
same as synthetic oil. It is preferable for the
insulating oil employed to have large insulation
breakdown strength, low viscosity, high ignition
point, low coagulation point, no erosion of the
parts of the fuse device, electrical and chemical
stability, and particularly heat resistance such

as the silicone oil mentioned above.

Further, it is preferable to form the outer
casing 1 and the cylindrical body 4 of rein-
forced synthetic resin material or ceramics. It is
also possible to use metal material having a 70
proper surface insulation treatment, if
necessary.

The fitting 3 is preferably made of highly
conductive metal such as copper, aluminum or
the like. 75

Figures 3 and 4 show a second embodiment
of the fuse device according to the present in-
vention, in which a division of the outer casing
20 is shown.

The outer casing 20 is divided into two por- 80
tions as illustrated, and a portion 21 for joining
the divided portions is bonded with the use of a
bonding agent.

This divided casing 20 is reinforced with a
number of fastening bands 25 in addition to the 85
bonding agent. Each band 25 may be a metal
band or a band member formed by synthetic
resin or rubber. Further, the portions and num-
bers of the bands 25 to be applied are not
limited to the illustrated embodiment but may 90
be modified in accordance with the external
size, weight and construction of the fuse device.

The divided casing 20 is provided with a
threaded recess or opening 22 for projecting the
end of the conductive terminal holding fitting 95
3.1In the illustrated case, the casing 20 is
formed of ceramics and the opening 22 is sup-
plied with a shield agent and pressed against the
side surface of the fittings 3.

Further, oil surface level display windows
(omitted from the drawings) or pressure safety
valves may be added at proper portions of the
outer casings 1 and 20 shown in the above first
and second embodiments.

Further, the conductor terminal holding fit- 105
ting 3 may be constructed to project from both
sides of the outer casing 1 and 20.

The hollow fuse element 6, as shown in
Figure 1, is formed with a recessed groove 6f
having a width so as to reduce the fusing heat
amount of the desired fuse and to obtain the
desired fast operating characteristic. Further,
the shape of the inner bore 7 may be a circle
as illustrated or the inner peripheral surface
may be a corrugated form or in a shape of the
plurality of divided holes for enhancing the
cooling effect by the cooling and insulating oil
2. :

Further, as shown in Figure 4, a plurality of
hollow fuse elements 6 may be arranged within 120
the cylindrical body 1. Of course the cooling
and insulating oil 2 is allowed to flow through
the bores of each fuse element in this case,
too.

As understood from the above explanation,
the fuse device according to the present inven-
tion actively cools the fuse element with the
flow of the cooling and insulating oil through
the bore and removes the generated heat of the
fuse element by the cooling and insulating oil,
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so that it can increase the continuous operating
current of the conventional fuse element by a
large margin, and simultaneous sealing of the
arc suppression agent can shorten arc duration.

5 Further, if the cooling and insulating oil is
filled and sealed by a properly elevated sealing
pressure, the arc suppression action under high
pressure is effectively performed, and an excel-
lent current limit effect can be obtained.

10 According to an experiment by the inventor,
it is confirmed that the fusing time of the
cooled fused element does not show any
remarkable difference from the case at a nor-
mal temperature, and it is found that the de-

15 gree of increase in operating current is far larger
than that of the fusing heat amount. This fact
shows that regardless of the design of the cross-
sectional area of the fuse element 6, a contin-
uous maximum operating current can be freely

90 obtained by optionally selecting a flow amount
the filling amount and the characteristics of
oil.

As a result, according to the present inven-
tion, it is possible to provide a current limiting

25 fuse device for protecting against excess cur-
rent, which has excellent capability of current
flow as compared with a conventional current
limiting fuse and further has a current limiting
effect.

30 WHAT WE CLAIM IS:—

1. A current limiting fuse device comprising
a cylindrical body, a hollow fuse element in-
side said cylindrical body having the ends
sealed to said cylindrical body and having a
35 bore therethrough in the direction of the longi-

>

tudinal axis of said cylindrical body, said cylin-
drical body having a space between said cylin-
drical body and said hollow fuse element, an

arc suppression agent in the space between said
cylindrical body and said hollow fuse element, 40
an outer casing enclosing said cylindrical body

and defining a space around said cylindrical

body, a pair of conductive terminals, each elec-
trically connected to a respective end of said
hollow fuse element and projecting out of said 45
outer casing, and a cooling and insulating oil en-
closed in the space between said outer casing

and said cylindrical body and said bore of said
hollow fuse element.

2. A current limiting fuse device as claimed 50
in Claim 1, wherein said outer casing comprises
two parts and said two parts are joined with
each other,

3. A current limiting fuse device as claimed
in Claim 1, wherein said cooling and insulating 55
oil is selected from the group consisting of sili-
cone oil in the synthetic insulating oil series,
chlorinated oil with an erosion inhibitor added,
sulfonic oil, fluorinated oil and insulating oil in
the mineral oil series. 60

4. A current limiting fuse device substan-
tially as hereinbefore described with reference
to the accompanying drawings.

STEVENS, HEWLETT & PERKINS 65
Chartered Patent Agents
5 Quality Court
Chancery Lane
London WC2
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