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FLAME-PROOF COATED RESISTORS

The present invention relates to electrical resistors
which are flame-proof and which do not become
heated to an extent liable to cause damage to other cir-
cuit elements when there is an overload in the circuits
in which they are inserted.

More specifically, the present invention is directed to
an improvement in electrical film resistors coated with
resistance material such as metal, metal oxide or car-
bon.

Recently, flame-proof resistors have come into use,
their purpose being to avoid flaming and burning of the
resistors when there is a severe overload in the resistor
inserted circuits, and thus to avoid damage to other cir-
cuit elements caused by such burning. One type of con-
ventional electrical film resistors of the character
above referred to comprises, as shown in FIG. 1 of the
accompanying drawings, a substrate 1 composed of
glass or a similar electrically insulating material which
is usually cylindrical in shape, a thin film 2 of electrical
resistance material, for example, tin oxide, applied or
coated on the entire peripheral surface of said sub-
strate, a cap or land 3 of metal or other electrically con-
ducting material attached to each end of the coated
substrate 1, a lead wire 4 soldered to each one of said
caps 3 and extending therefrom for the purpose of ex-
ternal electrical connection and a protecting coating §
of electrically insulating and flame-proof material ap-
plied or coated on the entire surface of the coated sub-
strate. In this arrangement, the value of the resistor is
determined by the number of grooves 6 cut in the coat-
ing of resistance material on the substrate 1, as is well
known to those skilled in the art.

However, the flame-proof resistors employed hith-
erto tend to achieve their object only partially, since,
while they are flame-proof, when there is an over-load
imposed on any one of the conventional resistors of the
above character, there is a considerable time at which
they are at or near read heat before they open the cir-
" cuit with the result that, while the resistors themselves
may not be subjected to damage, adjacent elements in
the resistor inserted circuits may be burnt or damaged.
The problems associated with such resistors have been
mainly connected with the coating, and research has
. been directed to finding new materials for such coating,
which, however, for the reasons stated above only par-
tially solve the problems, and incidentally tend to be
more difficult, and more expensive, to produce. There
are also wire-wound fuse resistors which act as circuit
openers upon receipt of overload, but in order to im-
prove their fusibility their windings must be as fine as
possible, with the result that they are not very reliable
under ordinary conditions, and, of course, that they are
not easy to manufacture.

There is therefore a need in the electronics industry
for an easily and cheaply manufactured resistor which
is itself flame-proof and at the same time is not liable
to cause burning or damage to other circuit elements
in the resistor inserted circuit. While there has been
considerable research aimed at overcoming the prob-
lems associated with these resistors, there has been no
really new approach.

It is accordingly an essential object of the present in-
vention to provide an improved electrical flame-proof
resistor which is free of the disadvantages inherent in
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2

the conventional resistor of the character above re-
ferred to.

It is another object of the present invention to pro-
vide an improved resistor which rapidly opens the resis-
tor inserted circuit upon application of a severe over-
load.

It is a further object of the present invention to pro-
vide an improved resistor which does not heat unduly
on severe overload prior to opening the circuit, thus
avoiding possible damage to other circuit elements pro-
vided on the same circuit.

It is a still further object of the present invention to
provide an improved resistor which is stronger and
more reliable than the conventional one.

It is a still further object of the present invention to
provide an improved resistor in accordance with the
objects stated above which is both cheap and easy to
manufacture.

The film resistor according to the present invention,
whose construction in other respects is conventional,
provides a new approach, in that it is prevented from
flaming or giving out sufficient heat to damage other
circuit elements by a coating of glass applied in various
configurations on the resistor film, and moreover uses
a coating material which is easy and cheap to manufac-
ture.

More particularly, the essential features of the pres-
ent invention, which relates to flame-proof resistors,
such as metal coated resistors, metal oxide coated resis-
tors or carbon coated resistors, are that glass is coated
or applied in various configurations on the resistance
film coated over the entire peripheral surface of the
substrate, and that when overcurrent flows the glass on
the resistance film is fused by the heat evolved by the
resistance film and the resistance film is subsequently
melted, thus opening the resistor inserted circuit.

These and other objects and features of the present
invention will become apparent from the following de-
scription taken in conjunction with preferred embodi-
ments thereof illustrated in the accompanying draw-
ings, in which;

FIG. 1 is a longitudinal cross sectional view of the
conventional resistor employed in the description of
the background of the present invention,

FIG. 2 to FIG. 5 are each similar view to FIG. 1 show-
ing first to fourth embodiment of the present invention,

FIGS. 6 to 14 are each showing a characteristic com-
parision between the conventional resistor and the re-
sistor of the present invention, wherein FIGS. 6, 9 and
12 are diagrams showing the relationship between the
power applied and the time-to-fusing, FIGS. 7, 10 and
13 are diagrams showing a surface temperature charac-
teristic of the resistors when applied with an electrical
power of 30 wattages and FIGS. 8, 11 and 14 are dia-
grams showing an overload standing characteristic of
the resistors when applied with an electrical power of
4.5 watts, and

FIG. 15 is a diagram showing the relationship be-
tween the power applied and the time-to-fusing of the
various embodiments of the present invention.

It is to be noted that, for the sake of brevity, the de-
scription of the present invention will be hereinafter
made as applied to the conventional resistor of the
foregoing construction and, therefore, like reference
numerals employed in FIG. 1 are concurrently em-
ployed in the description of the present invention to
designate like parts shown.
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Referring first to FIG. 2, prior to the application of
the protecting coating § and after the grooves 6 have
- been formed on the peripheral surface of the resistance

material coated substrate 1, a paste of glass, which is
formed by mixing glass with adhesive material solved
by the use of organic solvent is applied on the resis-
tance film 2 on the peripheral surface of the substrate
1 in parallel relation to the longitudinal axis of the resis-
tor substrate crossing over a plurality of grooves 6. This
paste of glass, after it has been dried, is formed into a
glass coating as designated by 7.

In the second embodiment of the present invention
shown in FIG. 3, the glass coating 7, that has been ap-
plied in the similar manner as in the foregoing embodi-
ment, is in the form of a ring surrounding a substan-

. tially intermediate portion of the resistor substrate and
. has a suitable width,

In the third embodiment of the present invention
shown in FIG. 4, the glass coating 7 extends in parallel
relation to and not crossing over the grooves 6 and in
the fourth embodiment of the present invention shown
in FIG. § the glass coating extends in paralle] relation
to'the longitudinal axis of the resistor substrate and be-
tween two adjacent grooves 6 which are positioned at
a substantially intermediate portion of the resistor sub-
strate. '

The present'invention is further illustrated by the fol-
~ ‘lowing non-limiting examples.

EXAMPLEI.

- 'Powdered glass was made into a paste with the mix-
ture of adhesive material solved by the use of organic
solvent and coated in the manner shown in FIG. 2 onto
the metal oxide film coated on the substrate and
formed with the grooves, to obtain a metal oxide
coated resistor of 3 watts-1KQ (external diameter 8
mm, length 23 mm.), which process was followed by
painting with silicon insulating paint and heat treat-
ment. The comparision was made between the fusing
characteristics, surface temperature characteristics and
the overload standing characteristics of this resistor
and those of conventional resistors. The results are
shown in FIGS. 6 to 8. As can be seen from FIG. 6,
while ‘it was more than 10 minutes before a conven-
tional resistor fused upon application of the load of a
‘value 15 times the rated load, the resistor of the present
invention fused in about 60 seconds upon application
of the load of a value 10 times the rated load. Further,
as can be seen from FIG. 7, when an overcurrent flows,
although the resistor was at red heat, the period in
which the resistor of the present invention was at red
heat was extremely short and the resistor of the present
invention was quickly fused, whereas according to the
prior art this condition continues for a long time. FIG.
8 shows that the oveérload standing characteristics of
both types of resistors are essentially the same.

EXAMPLE 11

Powdered glass was made into a paste with the mix-
ture of adhesive material solved by the use of organic
solvent and coated in the manner shown in FIG. 2 on
to the metal film coated on the substrate and formed
with the grooves to obtain a metal coated resistor of 3
watts-10{) (external diameter 8 mm. length 23 mm.),
which process was followed by painting with silicon in-
sulating paint and heat treatment. The comparision was
made between the fusing characteristics, surface tem-
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perature characteristics and the overload standing
characteristics of this resistor and those of conven-
tional resistors. The results are shown in FIGS. 9 to 11.
As is shown in FIG. 9, while a conventional resistor
does not fuse even after 10 minutes beginning from the
application of an electrical power of a value not more
than 10 times the rated power, the resistor of the pres-
ent invention fused in about 100 seconds. The other
characteristics represent the similar to those of the
foregoing Example 1.

EXAMPLE III

This example is illustrating the effect of the employ-
ment of glasses with different fusion points.

Two kinds of powdered glass, which are respectively
hereinafter referred to as Glass A having the tempera-
ture of fusion at 340°C. and Glass B having that at
480°C, were mixed and made into a paste by the addi-
tion of adhesive material solved by the use of organic
solvent and applied in the manner shown in FIG. 2 on
to the metal coated resistor substrate formed with the
grooves, to obtain a metal coated resistor of 3
watts-100) (external diameter 8 mm. length 23 mm.),
which process was followed by painting with silicon in-
sulating paint and heat treatment. The comparision was

.made between the fusing characteristics, surface tem-

perature characteristics and the overload standing
characteristics of this resistor and those of conven-
tional resistors. The results are shown in FIGS. 12 to 14
and are each similar to those obtained in the example
1L

EXAMPLE IV

Powdered glass was made into a paste with the mix-
ture of adhesive material solved by the use of organic
solvent and then coated on the carbon coated resistor
substrate formed with the grooves to obtain a carbon
coated resistor of one-eighth watt-10KQ (external di-
ameter 1.7 mm., length 55 mm.), which process was
followed by painting with silicon paint and heat treat-
ment. The comparision was made between the fusing
characteristics and the overload standing characteris-
tics of the resistor of the present invention and those of
conventional resistors.

The results are given below and can be seento be
generally quite similar to those of any one of the pre-
ceding examples.

Fusing Characteristics

The time to fusing of the one-eighth watt-10KQ resis-
tor on application of the power of a value 10 times the
rated load:

Conventional Resistor—still unfused even after 5

. minutes
- Present Resistor—fused in 10 seconds
Overload Standing Characteristics

These characteristics are each expressed in terms of
the percentage of change in the resistance of a one-
eighth watt-10K() carbon coated resistor when applied
with a load of one-fifth watt for a period of time given
below:

250 hr. 500 hr, 1000 hr.
Conventional Resistor 0.64 0.96 1.20
Present Resistor 0.60 0.91 1.02

The effects on fusing characteristics of the resistor
coated with the glass coating in various configurations
shown in FIGS. 2 to 5 are shown in FIG. 15. The com-
parisions were made using 3 watts-1KQ metal oxide
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coated resistors. Reference to the figure makes it clear
that better results are obtained when the glass coating
is in the configuration of either of FIGS. 2 and 3.

Furthermore, care must be taken that the glass herein
employed has preferably a fusing point so relatively
lower that quick fusion of the resultant resistor can be
ensured.

Although the present invention has been fully de-
scribed in connection with the foregoing non-limiting
examples, it is to be noted that the present invention
should be understood as applicable to resistors whose
resistance films do not have grooves cut in them, in
which case a suitable configuration for the glass applied
is in the form of a ring substantially as shown in FIG.
3.

What is claimed is:

1. An electrical resistor comprising a substrate of
electrically insulating material, a thin film of resistance
material coated on said substrate, glass applied on only
a portion of said resistor film, conducting terminals
provided at two ends of said resistor and lead wires
soldered to said ends, respectively, and a protective
coating formed over the entire surface of said coated
substrate, whereby upon receipt of severe load said
glass is fused by heat evolved by said resistor film to de-
stroy said resistor film thereby permitting the resistor
to open circuit in which said resistor is inserted.

2. An electrical resistor as claimed in claim
wherein said resistance material is metal oxide.

3. An eclectrical resistor as claimed in claim
wherein said resistance material is metal.

4. An electrical resistor as claimed in claim 1
wherein said resistance material is carbon.

S. An electrical resistor as claimed in. claim 1,
wherein said thin film of resistance material is provided
with a plurality of grooves determinant of the resis-
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tance of the resultant resistor.

6. An electrical resistor comprising a substrate of
electrically insulating material, a thin film of resistance
material coated on said substrate, a plurality of grooves
formed in said thin film on said substrate, glass applied
on only a portion of said resistor film, conducting ter-
minals provided at two ends of said resistor and lead
wire soldered to said ends, respectively, and a protec-
tive coating formed over the entire surface of said
coated substrate, whereby upon receipt of severe load
said glass is fused by heat evolved by said resistor film
to destroy said resistor film thereby permitting the re-
sistor to open a circuit in which said resistor is inserted.

7. An electrical resistor as claimed in claim 6,
wherein the body of said glass applied on the thin film
of resistance material on the substrate extends in paral-
lel relation to the longitudinal axis of said substrate
crossing a plurality of the grooves.

8. An electrical resistor as claimed in claim 6,
wherein the body of said glass applied on the thin film
of resistance material on the substrate extends in the
form of a ring and located at a substantially intermedi-
ate portion of said substrate.

9. An electrical resistor as claimed in claim 6,
wherein the body of said glass applied on the thin film
of resistance material on the substrate extends in paral-
lel relation to and not crossing over the grooves at a
substantially intermediate portion of said substrate.

10. An electrical resistor as claimed in claim 6,
wherein the body of said glass applied on the thin film
of resistance material on the substrate extends in paral-
lel relation to the longitudinal axis of said substrate and
sandwiched between two adjacent grooves located at a

substantially intermediate portion of said substrate.
* * * * *
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