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SHEATHED HEATER

BACKGROUND OF THE INVENTION

This invention relates to a sheathed heater,
5 and more particularly to an improvement of a sheathed

heater for use at a higher temperature atmosphere.

In the conventional sheathed heater or
cartridge heater, a metal pipe, such as a stainless
10 steel pipe is used. Accordingly, if the sheathed
heater is used at a high temperature atmosphere
more than 600C , a leakage current which flows to
the metal pipe from the internal heater coil or
resistance coil is increased, because the insulation
15 resistance of the heat insulating material member,
such as magnesia which is filled in the metal pipe
is decreased according to the elevation of the
temperature. When the leakage current is increased
over a predetermined value, the circuit breaker of
20 the power source for the sheathed heater is energized
to break the power circuit. If a plurality of
sheathed heaters are used at the same\time, the
circuit breaker would often be energized to break

the power circuit. Thus, the heating operation

25 cannot be carried out effeotlvely
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This invention relates to a sheathed heater, and nore particularly to an

i nprovenent of a sheathed heater for use at a higher tenperature

at nosphere. In the conventional sheathed heater or cartridge
~heater, a metal pipe, such as a stainless steel pipe is used. Accordingly,
if the sheathed heater is used at a high-tenperature atnosphere of nore
than 600[err] C a |l eakage current which flows to the netal pipe fromthe
internal heater coil or resistance coil is increased,

Figs. 1 and 2 show a conventional sheathed
heater 30 comprising a metal pipe 31, such as
stainless steel pipe, a bottom plate 32 covered the
metal pipe 31 at the bottom portion thereof, a core

5 of porcelain insulator 33 arranged at the center of
said metal pipe 31, a pair of lead pins 34 of which
base portions are inserted into small holes formed
passing through said core of porcelain insulator 33,
a heater coil 35 wound around the core of porcelain

10 insulator 33, and a heat resistive insulation
material member 37 filled in a space formed between
said metal pipe 31 and said core of porcelain
insulator 33.

In such sheathed heater 30, the insulation

15 resistance of the insulation material member 37
filled in the metal pipe 31 is decreased according
to the elevation of the temperature, in case that
the sheathed heater is used at a high temperature
atmosphere more than 600 . Accordingly, a leakage

20 current which flows to the metal pipe 31 from the
internal heater coil 35 through the insulation
material member 37 is increased so that the circuit
breaker (not shown) inserted between the sheathed
heater and the power source thereof is energized to

25 break the heating operation. This causes the heating
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because the insul ation resistance of the heat insulating material nenber,
such as magnesia which is filled in the netal pipe is decreased according
to the elevation of the tenperature. Wen the | eakage current is increased
ever a predetermned value, the circuit breaker of the power source for
t he sheathed heater is energized to breaB the power circuit. If a
plurality of sheathed heaters are used at the sane tinme, the circuit
breaker would often be energized to break the power circuit. Thus, the
heati ng operation cannot be carried out effectively.
operation to be reduced in efficiency. Further, if
a plurality of sheathed heaters are used, the
operator must find a sheathed heater of which
leakage current becomes large and replace it, and
5 . then the circuit breaker must be deenergized with
much labor and time.
Further, there are given hitherto manufacturing
methods of the sheathed heater as disclosed in
Japanese Patents Laid-Open Nos. 1556%0/83, 157080/83
10 and 157079/83. In the method shown in the Japanese
Patent Laid-Open No. 155690/83, a thin metal plate
or metal wire is inserted between the metal pipe and
the heater coil and after the sheathed heater is
assembled heated it to be oxidized in order to
15 prevent the vaporization of the heater coil so that
the insulation resistance of the heat insulating
material member, such as magnesia is prevented from
being reduced.
However, it is insufficient to reduce the
20 leakage current which flows from the heater coil to
the metal pipe at a high temperature atmosphere more
than 600 .
In the Japanese Patent Laid-Open No. 157080/83,

the inner peripheral surface of the metal pipe is

25 coated with a paint including metal oxide powder in
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Figs. 1 and 2 show a conventional sheathed heater 30

conprising a netal pipe 31, such as stainless steel pipe, a bottomplate
32 covering the netal pipe 31 at the bottom portion thereof, a core of
“porcél ain insulator 33 arranged at the

10
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25

- 4 -

order to prevent the vaporization of the heater coil
to attain the same purpose of the above. However,

it is also insufficient to reduce the leakage current
at a high temperature atmosphere more than 600 C and
is very difficult to coat uniformly the entire inner
peripheral surface of the metal pipe with the paint.
Further, this method is complex and expensive.

In the Japanese Patent Laid-Open No. 157079/83,
the inner peripheral surface of the metal pipe is
coatd with a metal and after the sheathed heater is
assembled said metal is oxidized with heat to attain
the same purpoée of the above. However, in this
sheathed heater, the leakage current cannot be
reduced sufficiently at-a high temperature

atmosphere more than 600 C as mentioned above.

An object of the present invention is to reduce
the leakage current in the sheathed heater, which
flows from the internal heater to the metal pipe,
so that the sheathed heater can be used at a high
temperature atmosphere more then 600 T .

The above object can be attained by a sheathed
heater comprising a metal pipe of which entire inner
peripheral surface has been oxidized previously, an

internal heater inserted into said metal pipe,
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cent.er of said netal pi pe 31, a pair of lead pins 34 of which base portions

are ‘inserted into small holes forned passing through said core of

pofcela|n i nsulator 33, a heater coil 35 wound around the core of
“porcelain insulator 33, and a heat resistive insulation naterial nmenber 37

fililed in a space forned between said metag -pipe 31 and said core of

porcel ain insul ator 33. I n such sheathed heater 30, the

i nsul ation resistance of the insulation nmaterial menber 37 filled in the

nmetal pipe 31 is decreased according to the
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lead pins connected to both ends of said heater,
respectively, and a heat resistive insulation
material member filled in a space formed between
said metal pipe and said internal heater.

The above object can also be attained by a
sheathed heater comprising a.metal pipe, an internal
heater inserted into said metal pipe, lead pins
connected to both ends of said heater, respectively,
and a heat resistive insulation material member
filled in a space formed between said metal pipe
and said internal heater, the outer surfaces of
said internal heater and lead pins having being
oxidized previously.

According to the sheathed heater of the present
invention, the leakage current which flows from the
internal heater to the metal pipe can be reduced
enough, even if the sheathed heater is used at a
high temperature atmosphere more than 600C , because
a sufficient oxide film having a good insulating
ability at a high temperaturé is formed very easily
on the entire inner surface of the metal pipe or the
outer surfaces of the heatef.and lead- pins by
subjecting them at a higher temperature atmosphere
in the presence of sufficient oxygen, or subjecting

them to the chemicals, such as oxydizing agent.
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etevation of the tenperature, in case that the sheathed heater is used at a

hi gh® tenperature atnosphere of nore than 600[err]C. Accordingly, a | eakage

current which flows to the netal pipe 31 fromthe internal heater coil 35
“thrdugh the insulation material nember 37 is increased so that the circuit

breaker (not shown) inserted between the sheathed heater and the power

source thereof is energized to break the heating operation. This causes

t he heating

The other objects and features of the present
invention will become apparent from the following
description taken in conjunction with the accompany-

ing drawings.

5
Fig. 1 is a sectional side view of a conventional
sheathed heater;
Fig. 2 is a vertical sectional view taken along
a line 2-2 in Fig. 1
10 Fig. 3 is a sectional side view of a sheathed
heater of the present invention;
Fig. 4 is a sectional view taken along a line
4-4 in Fig. 3;
Fig. 5 is a sectional side view of a sheathed
15 heater according to another embodiment of the
present invention;
Fig. 6 is a sectional view taken along a line
6-6 in Fig. 5;
Fig. 7T is a sectional side view of a sheathed
20 . heater according to further embodiment of the
present invention; and
Fig. 8 is a sectional view taken along a line
8-8 in Fig. T.
25 Now, one embodiment of ‘this invention will be
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-3- . operation to be reduced in efficiency. Further, if a plurality of
sheathed heaters are used, the operator nust find a sheathed heater of
whi ch |-eakage current becones large and repltace it, and then the circuit
<breaker must be deenergi zed

_7_

described by referring to Figs. 3 and 4.
A sheathed heater 12 of the present invention
comprises a metal pipe 1 made of stainless steel,
iron or other heat resistive special steel having a
5 bottom plate 2 made of the same material formed at
the bottom portion thereof, a core of porcelain
insulator 5 made by compacting magnesia or the like
and arranged at the center of said metal pipe 1, a
pair of lead pins T of which base portions are
10 inserted into small holes 6 formed passing through
said core of porcelain insulator 5, a heater coil 8
of nickrome wire wound around the core of porcelain
insulator 5, and a heat resistive insulation
material member 10 of maghesia or the like filled
15 in a space formed between said metal pipe 1, bottom
plate 2 and said core of porcelain insulator 5,
said pair of lead pins 7 being connected electrically
to both ends of said heater coil 8, respectively,
to form a heating element 9.
20 Before the sheathed heater is assembled, in
the present invention, %he entire inner peripheral
surface 3 of said metal pipe 1 and the inner surface
3a of said bottom plate 2 are oxidized, respectively,
or the outer peripheral surfaces of said heater coil

25 8 and said pair of lead pins 7 are oxidized by
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with ruch |abor and time. Further, there are given hitherto
ranufacturing nmet hods of the sheathed heater as disclosed in Japanese
Pat ents Lai d- Open Nos. 155690/83, 157080/83 and 157079/83. In the nethod
*shownm in the Japanese Patent Laid-Open No. 155690/83, a thin nmetal plate
or netal wire is inserted between the neta8 pipe and the heater coil and
after the sheathed heater is assenbled heated it to be oxidized in order
to prevent the vaporization of the heater coil so that the insulation
subjecting them at a hiéher temperature atmosphere
in the presence of sufficient oxygen, or subjecting
them to the chemicals, such as oxydizing agent.
Another embodiment of the present invention
5 will be explained with reference to Figs. 5 and 6.
In this embodiment, a sheathed heater 12a is
composed of a metal pipe 21 made of stainless steel,
iron or other heat resistive special steel, an
internal heater coil 28 of nickrome w}re inserted
10 into said metal pipe 21, lead pins 27 connected to
both ends of said heater coil 28 and extending to
the outside of said metal pipe 21, respectively,
and a heat resistive insulation material member
29 of magnesia or the like filled in a space formed
15 between said metal pipe 21 and said internal heat
coil 28.
Before the sheathed heater is assembled, the
inner peripheral surface 23 of said metal pipe 21
is oxidized, or the outer peripheral surfaces of
20 said heater coil 28 and leaq pins 27 are oxidized
by subjecting them at a higher temperature atmosphere
in the presence of sufficient oxygen, or subjecting
them to the chemicals, such as oxydizing agent.

In the further embodiment of the present

25 invention, an internal heater of a sheathed heater
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resi.stance of the heat insulating material nember, such as nmagnesia is
from bei ng reduced. However, it is insufficient to
reduce-t he | eakage current which flows from the heater coil to the netal

prevent ed

=pi pe~at a high tenperature atnosphere of nore than 600[err]C
t he Japanese Patent Laid-Qpen No. 157080/-8%, -t he inner peri pheral
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12b is formed of a straight wire 38.

In said embodiments, a metal pipe having a
circular cross section is used. However, it should
be understood that a metal pipe having a rectangular
cross section, triangular cross section, elliptic
cross section or the like may be used.

Said oxidization may be carried put by such a
method that the metal pipe etc. is heated in the
electric furnace containing sufficient air or oxygen
at the temperature of about 300~ 1300TC during
about 5 minutes~ more than 10 hours, or at the
temperature of about 1,000~ 1,300C during about
S minutes ~ 1 hour, until the color of the entire
inner peripheral surface of said metal pipe etc. is
turned to light brown, brown or black.

In the other method, such oxidization is
carried out by applying known chemicals, such as
oxidizing agent thereto.

By such oxidization, the insulation resistance
of the oxide film thus formed becomes large enough.

According to the sheathed heater of the present
invention, the leakage current can be.reduced to
1/3 ~ 1/10 of that in the conventional sheathed
heater, in case that the sheathed heater is used at

a high temperature atmosphere more than 600TC,
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surface of the netal pipe is coated wwth a paint including netal oxide
pomder I n - 4-

5
O
%

_10_

because the metal pipe or thé heater coil and the
lead pins are oxidized fully and uniformly, and the
insulation resistance of the oxide film thus formed
is very high.

5 | Thus, the present invention is effective to
reduce the leakage current, thereby precluding the
troublesome due to the often energization of the
circuit breaker inserted between the sheathed
heaters and the power source thereof, and the

10 heating operation using the sheathed heater can be

carried out efficiently and ecconomically.
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o1 S very difficult to coat uniformy

or.der ‘to prevent the vaporization of the heater coi

pur pase of the above. However, it is also insufficient to reduce the

to attain the sane

| eakage current at a high tenperature at nrosphere nore than 600[err]C and

expensi ve. In the Japanese Paleﬂg.Laid<Cp
i nner peripheral surface of the netal pipe is coat
after the sheathed heater is

the 'netal pipe with the paint. Further, this nethog

the entire inner peripheral—surface of

T

a "metfal * and

CLATIMS
1. A sheathed heater comprising a metal pipe (1,
5 which entire inner peripheral surface (3,

oxidized previously, an internal heater (8,
inserted into said metal pipe (1, 21),

27) connected to both ends of said heater (8, 28,

28,

21) of

23) has been
38)
lead pins (7,

38),

respectively, and a heat resistive insulation material

10 member (10, 29) filled in a space formed between said

metal pipe (1, 21) and said internal heater (8,

38).

28,

2. The sheathed heater according to Claim 1, wherein said

oxidization is carried out by subjecting said metal

15 pipe (1, 21) at a high temperature atmosphere in the

presence of sufficient oxygen.

3. The sheathed heater according to Claim 1, wherein said

entire inner peripheral surface (3,

23) of said metal

pipe (1, 21) is oxidized to such a degree that it is

20 colored to at least light brown.

4. A sheathed heater comprising a metal pipe (1,

21),

an

internal heater (8, 28, 38) inserted into said metal

pipe (1, 21), lead pins (7, 27) connected to both ends

of said heater (8, 28, 38), respectively,

25 resistive insulation material member (10,

in a space formed between said metal pipe (1,

and a heat

29)

filled

21) and

said internal heater (8, 28, 38), the outer surfaces

of said internal heater (8, 28, 38) and lead pins (7,

[l

27) having been oxidized previously.
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assenbl ed said nmetal is oxidized with heat to attain the sane purpose

t he above

g . However, in this sheathed heater, the
reduced sufficiently at a high tenperature atnosph m mgw ﬂ m
-~600[serr] C as nentioned above. GB 1101275 di scl oses
accordance with the precharacterising portion of Caim 1.
obj ect of the present invention is to +educe the | eakage current in t

sheat hed heat er,

that the
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5.

of
not be

in

he

which flows fromthe internal heater to the netal pipe, so

The sheathed heater (according to Claim 4, wherein
said oxidization is carried out by subjecting said
internal heater (8, 28, 38) and said lead pins (7, 27)
at a high temperature atmosphere in the presence of
sufficient oxygen.

The sheathed heater according to Claim 4, wherein the
outer surfaces of said internal heater (8, 28, 38) and
lead pins (7, 27) are oxidized to such a degree that
they are colored to atlleast light brown.

A sheathed heater comprising a metal pipe, (1, 21} an
internal heater (8, 28, 38) inserted into said metal
pipe (1, 21), lead pins (7, 27) connected to both ends
of said heater {8, 28, 38), respectively, and a heat
resistive insulation material member (10, 29} filled
in a space formed between said metal pipe (1, 21) and
said internal heater (8, 28, 38), the entire inner
peripheral surface (3, 23) of said metal pipe (1, 21),
and the outer surfaces of said internal heater (8, 28,
38) and lead pins (7, 27) having been oxidized
previously.

The sheathed heater according to Claim 7, wherein said
oxidization is carried out by subjecting said metal
pipe (1, 21), internal heater (8, 28, 38) and lead
pins (7, 27) at a high temperature atmosphere in the

presence of sufficient oxygen.
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sheathed heater can be used at a high tenperature _atnosphere of nore than

600[ err] C.

: The above object can be attain v a_sheathed-heat er
i.n acceordance with the appended clains and conpri sz ﬂﬂﬂ”m&”ﬂ!ﬂml ment ,

«"a metal pipe of which entire inner peripheral surf
previously,

10

15

20

an internal heater inserted into said netal plpe

9.

10.

11.

12.

13.

- 13 -
The sheathéd heater according to €laim 7, wherein said
entire inner peripheral surface (3, 23) of said metal
pipe (1, 21), and the outer surfaces of said internal
heater (8, 28, 38) and lead pins (7, 27) are oxidized
to such a degree that they are colored to at least
light brown.

The sheathed heater according to any one of Claims 1,
4 and 7, wherein said oxidization is carried out by
applying chemicals.

The sheathed heater according to any one of Claims 1,
4 and 7, wherein said internal heater (8, 28) is in
the shape of a coil.

The sheatﬁed heater according to any one of Claims 1,
4 and 7, further comprising a core of porcelain
insulator (5) arranged at the center of said metal
pipe (1), wherein said internal heater (8) is a coil
wound around said core (5).

The sheathed heater according to any one of Claims 1,
4 and 7, wherein said internal heater (38) is a

straight wire.
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l.ead pins connected to both ends of said heater, respectively, and a heat
resistive insulation material nmenber filled in a space formed between said
netal .pi pe and said internal heater.

ABSTRACT:

SHEATHED HEATER

A sheathed heater wherein before the sheathed

heater is assembled, an oxide film is formed on the

5 inner peripheral surface (2, 23) of a metal pipe,
and/or the outer surfaces of an internal heater (8,
28, 38) and lead pins (7, 27) thereof which are
inserted into the metal pipe (1, 21) by heating
them in the presence of oxygen or by applying

10 chemicals thereto, and a heat resistive insulation
material member (10, 29) is filled in a space
formed betﬁeen the metal pipe (1, 21) and the
internal heater (8, 28, 38). The color of the
oxide film thus formed is light brown, brown or

15 black.

f(é. No :g ]
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25
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The above object can also be attained by a thed heater conprising a
metal pipe, an internal heater inserted int9 'sgid metal pipe, |ead pins
connected to both ends of said heater, respectively, and a heat resistive
<~insulation material nenber filled in a space fornmed between said neta
pi pe and said internal heater, the outer surfaces of said internal heater
and | ead pins having being oxidized previously.

AR A4

PRIOR ART
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Accordlng to the sheathed heater of the preseﬁt/Egvention, t he | eakage
curient which flows fromthe internal heater &o e netal pipe can be
reduced enough, even if the sheathed heater is used at a high tenperature

= atnmosphere of nore than 600[err]C, because a sufficient oxide film having
a good insulating ability at a high tenperature is forned very easily on
the entire inner surface of the netal pipe or the outer surfaces of the
heater and | ead pins by subjecting themat a higher tenperature atnosphere
in the presence of sufficient oxygen, or subjecting themto the chem cals,
such as oxidi zi ng agent.
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o BACKGROUND OF THE INVENTION

This invention relates to a sheathed heater,
and more particularly to an improvement of a sheathed

heater for use at a higher temperature atmosphere.

In the conventional sheathed heater or
cartridge heater, a metal pipe, such as a stainless
steel pipe is used. Accordingly, if the sheathed
heater is used at a high temperature atmosphere
more than 600C , a leakage current which flows to -
the metal pipe from the internal heater éoil or
resistance coil is increased, because the insulation
resistance of the heat insulating material member,
such as magnesia which is filled in the metal pipé
is decreased according ;o the elevation of the
temperature. When the leakage current is increased
over a predetermined value, the circuit breaker of
the power source for the sheathed heater is energized
to break the power circuit. If a plurality of
sheathed heaters are used at the same time, the
circuit breaker-would often be energized to break
the power circuit. Thus, the heating operation
cannot be carried out effectively.

-

Sheet Has Been Replaced

A

U



_heater of the present invention; Fig. 4 is a sectional view taken
.along alihe 4-4in Fig. 3; Fig. 5is a sectional side view of a

sheat hed heater according to another enbodi nent of the present invention;
Fig. 6 is a sectional view taken along a line 6-6 in Fig. 5;

._2_

Figs. 1 and 2 show a conventional sheathed
‘heater 30 comprising a metal pipe 31, such as
stainless steel pipe, a bottom plate 32 covered the
metal pipe 31 at the bottom portion thereof, a core
of porcelain insulator 33 arranged at the center of
said metal pipe 31, a pair of lead pins 34 of which
base portions are inserted into small holes formed
passing through said core of porcelain insulator 33,
2 heater coil 35 wound around the core of porcelain
insulator 33, and a heat resistive insulation
material member 37 filled in a space formed befween
said metal pipe 31 and said core of porcelain
insulator 33.

In such sheathed heater 30, the insulation
resistance of the insulation material member 37
filled in the metal pipe 31 is decreased according
to the elevation of the temperature, in case that
the sheathed heater is used at a high temperature
atmosphere more than 600 . Accordingly, a leakage
current'which flows to the metal pipe 31 from the
internal heater coil 385 through the insulation
material member 37 is increased so that the circuit
breaker (not shown) inserted between the sheathed
heater and the power source thereof is energized to

break the heating operation. This causes the heating

o ﬁepu\rﬁk ENT SHEET R
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ng@ 7 is a sectional side view of a sheathed heater according to further

. enbodi nent of

taken along a
i nvention wl |

the present invention; and Fig. 8 is a sectional

line 8-8 in Fig. 7. Now, one enbodi nent of
be

operation to be reduced in efficiency. Further, if
a plurality of sheathed heaters are used, the
operator must find a sheathed heater of which
leskage current becomes large and replace it, and
then the circuit breaker must be deenergized with
much labor and time.

Further, there are given hithefto manufacturing
methods of the sheathed heater as disclosed in
Japanese Patents Laid-Open Nos. 155690/83, 157080/83
and 157079/83. In the method shown in the Japanese
Patent Laid-Open No. 155690/83, & thin metal plate
or metal wire is inserted between the metal pipe and
the heater coil-and after the sheathed heater is
assembled heated it to be oxidized in order to
prevent the vaporization of the heater coil so that
the insulation resistanpe of_the heat'insulating
material member, such as magnesia is prevented'from
being reduced.

However, it is insufficient to reduce the
leakage current which flows from the heafer coil to
the metal pipe at a4 high temperature atmosphere more
than 600°C .

In the Japanese Patent Laid-Open No. 157080/83,
the inner peripheral surface of the metal pipe is

coated with a paint including metal oxide powder in

REPLACEMENT SHEET

Vi ew
this

eet Has Been Replaced

28 o1 \\ll\l\\\|||\\\\\|ﬂ||||l



7. described by referring to Figs. 3 and 4. A sheat hed heater 12
. of the present invention conprises a netal pipe 1 made of stainless steel,
iron or other heat resistive special steel having a

order to prevent the vaporization of the heater coil
to attain the same purpose of the above. However,

it is also insufficient to reduce the leakage current
at a high temperature atmosphere more than 600 ¢ and
is very difficult to coat uniformly the entire inner
peripheral surface of'the metal pipe with the paint.
Further, this method is complex and expensive.

In the Japanese Patent Laid-Open No. 157079/83,
the inner peripheral Surface'of the metal pipe is
coatd with a metal and after the sheathed heater is
assembled said metal is oxidized with heat to attain
the same purpoée of the above. However, in this
sheathed heater, the leakage current cannot be
reduced sufficiently at.a high temperature

atmosphere more than 600 ¢ as mentioned above.

An object of the present invention is to reduce
the leakage current in the sheathed heater, which
flows from the internal heater to the metal pipe,
so that the sheathed heater can be used at a high
temperature atmosphere more then 600 i;.

The above object can be attained by a sheathed
heater comprising a metal pipe of which entire inner
peripheral surface has been okidized previously, an

internal heater inserted into said metal pipe,
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bdtton1p|ate 2 made of the sane material forned at the bott om portion

t her eof ,
the like

a core of porcelain insulator 5 made by conpacti ng nmagnesi a
and arranged at the center of said netal pipe 1, a pair of

pins 7 of which base portions are inserted into small holes 6 forned
passi ng through said core of porcelain insulator 5 a heater coil 8
ni ckrone wire wound around the core of -pbrcel ain

lead pins connected to both ends of said heater,
respectively, and a heat resistive insulation
material member filled in a space formed between
said metal pipe and said internal heater.

The above object can also be attained by a
sheathed heater comprising ; metal pipe, an internal
heater inserted into said metal pipe, lead pins
connected to both ends of said heater, respectively,
and a heat resistive insulation material member
filled in a space formed between said metal pipe
and said internal heater, the outer surfaces of
said internal heater and lead pins having being
oxidized previously.

According to the sheathed heater of the present
invention, the leakage current which flows from the
internal heater to the metal pipe can be reduced
enough, even if the sheathed heater is used at a
high temperature atmosphere more than 600C , because
a sufficient oxide film having a good insulating
ability at a high temperaturé is formed very easily
on the entire inner surface of the metal pipe or the
oute: surfaces of the heater and lead pins by
subjecting them at a higher témperature atmosphere
in the presence of sufficient oxygen, or subjecting

them to the chemicals, such as oxydizing agent.
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insulator 5, and a heat resistive insulation nmaterial menber 10 of
‘magnesia or the like filled in.a space formed between said metal pipe 1,
bottom plate 2 and said core of porcelain insulator 5  said pair of
pins 7 being connected electrically to both ends of said heater coi

respectively,

to forma heating eleqpqg_Q. Bef ore the sheat hed

heater is assenbled, in

The other objects and features of the present
invention will become apparent from the following

description taken in conjunction with the accompany-

ing dravings.

Fig. 1 is a sectional side view of a conventional

sheathed heater;

Fig. 2 is a vertical sectional view taken along
a line 2-2 in Fig. 1

Fig. 8 is a sectional side view of a sheathed
heater of the present invention;

Fig. 4 is a sectional view taken along a line
4-4 in Fig. 8;

Fig. 5 is a sectional side view of a sheathed
heater according to anothetr embodiment of the

present invention;

Fig. 6 is a sectional view taken along a line

6-6 in Fig. 5;
Fig. T is a sectional side view of a sheathed

heater according to further embodiment of the

present invention; and

Fig. 8 is a sectional view taken along a line

8-8 in Fig. 1.

Now, one embodiment of this invention will be
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tHe-present I nvention, the entire inner peripheral surface 3 of said
. nmetal pipe 1 and the inner surface 3a of said bottomplate 2 are

oxi di zed, respectively, or the outer peripheral surfaces of said heater
coi | 8 and said pair of lead pins 7 are oxidized by

_7_.

described by referring to Figs. 3 and 4.

A sheathed heater 12 of the present invention
comprises a metal pipe 1 made of stainless steel,
iron or other heat resistive special steel having a
bottom plate 2 made of the same material formed at
the bottom portion thereof, a core of porcelain
insulator $ made by compacting magnesia or the like
and arranged at the center of said metal pipe 1, a
pair of lead pins T of which base portions are
inserted into small holes 6 formed passing through
said core of porcelain insulator 5, a heater coil 8§
of nickrome wire wound around the core of porcelain
insulator 5, and a heat resistive insulation
material member 10 of magnesia or the like filled
in a space formed between said metal pipe 1, bottom
plate 2 and said core of pofcelain insulator 5,
said pair of lead pins 7 being connected electrically
to both ends of said heater coil 8, respectively,
to form a heating element 9.

Before the sheathed heater is assembled, in
the present invention, ihe entire inner peripheral
surface 3 of said metal pipe 1 and the inner surface
3a of said bottom plate 2 are oxidized, respectively,
or the outer peripheral surfaces of said heater coil

8 and said pair of lead pins 7 are oxidized by

REPLACEMENT SHEFT
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- 8- .- subj ecting them at a higher tenperature atnosphere in the presence
.'of sufficient oxygen, or subjecting themto the chenmicals, such as

oxydi zi ng agent. Anot her enbodi ment of the present invention wll be
explained with reference to Figs. 5 and 6.

- 8 -

subjecting theh at a hiéher temperature atmosphere
in the presence of sufficient oxygen, or subjecting
them to the chemicals, such as oxydizing agent.

Another embodiment of the present invention
will be explained with reference to Figs. 5 and 6.

In this embodiment, a sheathed heater 1223 is
composed of a metal pipe 21 made of stainless steel,
iron or other heat resistive special steel, an
internal heater coil 28 of nickrome wire inserted
into said metal pipe 21, lead pins 27 connected to
both ends of said heater coil 28 and extending to
the outside of said metal pipe 21, respectively,
and a heat resistive insulation material member
29 of magnesia or the like filled in a space formed
between said metal pipe 21 and said internal heat
coil 28.

Before the sheathed heater is assembled, the
inner peripheral surface 23 of said metal pipe 21
is oxidized, or the outer peripheral surfaces of
said heater coil 28 and lead pins 27 are oxidfzed
by subjecting them at a higher temperature atmosphere
in the presence of sufficient oxygen, or subjecting
them to the chemicals, such as oxydizing agent.

In the Turthef embodiment of the present

invention, an internal heater of a sheathed heater

REPLACEMENT SHEET -
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In t.his enbodi nent, a sheathed heater 12a is conposed of a netal pipe 21
‘made of stainless steel, iron or other heat resistive special steel, an
internal heater coil 28 of nickrone wire inserted into said netal pipe 21,
| ead pins 27 connected to both ends of said heater coil 28 and extending

to the outside of said netal pipe 21, re%Pectiver, and a heat resistive
I nsul ation material nenber - -

i2b is formed of a straight wire 38.

In'said embodiments, a metal pipe having a
circular cross section is used. However, it should
be understood that a metal pipe having a rectangular
cross section, triangular cross section, elliptic
cross section or the like may be used.

Said oxidization may be carried put by such s
method that the metal pipe etc. is heated in the
eiectric furnace containing sufficient air or oxygen

L : at the temperature of about 300~ 1300C during
about 5 minutes~ more than 10 hours, or at the
temperature of about 1,000~ 1,300C during about
5 minutes ~ 1 hour, until the color of the entire
inner peripheral surfacé of said metal pipe etc. is
turned to light brown, brown or black.

In the other method, such oxidization is
carried out by applying known chemicals, such as
oxidizing agent thereto.

By such oxidization, the insulation resistance
of the oxide film thus formed becomes large enough.

According to the sheathed heater of the present
invention, the leakage current can be.reduced to
1/3 ~ 1/10 of that in the conventional sheathed
heater, in case that the sheathed heater is used at

a high temperature atmosphere more than 600T ,

REPLACEMENT SHEET This Sheet Has Been Rep
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29 of-magnesia or the like filled in a space formed between said netal
.pipe 21 and said internal heat coil 28. Before the sheathed heater

i s assenbl ed, the i nner peripheral surface 23 of said netal pipe 21 S
oxi di zed, or the outer peripheral surfaces of said heater coil 28 and

| ead pins 27 are oxidized by subject1r¥bthenrat a higher tenperature
at nosphere

because the metal pipe or tﬁe heater coil and the
lead pins are oxidized fully and uniformly, and the
insulation resistance of the oxide film thus formed
is very high. |

Thus, the present invention is effective to
reduce the leakage current, thereby precluding the
troublesome due to the often energization of the
circuit breaker inserted between the sheathed
heaters and the power source thereof, and the
heating operation using the sheathed heater can be

carried out efficiently and ecconomically.
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in the presence of sufficient oxygén or subjecting themto the

A sheathed heater comprising a metal pipe (1, 21) of
which entire inner peripheral surface (3, 23) has been
oxidized previously, an internal heater (8, 28, 38)
inserted into said metal pipe (1, 21), lead pins (7,
27) connected to both ends of said heater (8, 28, 38),
respectively, and a heat resistive insulation material
member (10, 29) filled in a space formed between said
metal pipe (1, 21) aﬁd said internal heater (8, 28,
38).

The sheathed heater according to Claim 1, wherein said
oxidization is carried out by subjecting said metal
pipe (1, 21) at a high temperature atmosphere in the
presence of sufficient oxygen.

The sheathed heater according to Claim 1, wherein said
entire inner peripheral surface (3, 23) of said metal
pipe (1, 21) is oxidized to such a degreé that it is
colored to at least light brown.

A sheathed heater comprising a metal pipe (1, 21), an
internal heater (8, 28, 38) inserted into said metal
pipe (1, 21), lead pins (7, 27) connected to both ends
of said heater (8, 28, 38), respectively, and a heat
resistive insulation material member (10, 29) filled
in a space formed between said metal pipe (1, 21) and
said internal heater (8, 28, 38), the outer surfaces

of said internal heater (8, 28, 38) and lead pins (7,

27) having been oxidized previously.
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9 .12b is formed of a straight wire 38. I n sar | ments,
pi pe having a circular cross section is used. Fb

et al

Cross section
oxi di zation nmay be carried out by such a nethod that the netal
heated in the electric furnace contain

temperature of about 300- 1300[err]C dJilng about 5 m nutes-
hour s,

understood that a netal pipe having a rectangul ar cros !fl)’”fﬂ'l’ﬂ
ion, elliptic cross section or the like may bé& use lﬂ

or agt. therhenRelaldNed Heathaut (1c88Paidg 306 &f¥dim 4, wherein

said oxidization is carried out by subjecting said
internal heater (8, 28, 38) and said lead pins (7, 27)
at a high temperature atmosphere in the presence of
sufficient oxygen.

The sheathed heater according to Claim 4, wherein the
outer surfaces of said internal heater (8, 28, 38) and
lead pins (7, 27) are oxidized to such a degree that
they are colored td at least light brown.

A sheathed heater comprising a metal pipe, (1, 21) an
internal heatsr (8, 28, 38) inserted into said metal
pipe (1, 21), lead pins (7, 27) connected to both ends
of said heater (8, 28, 38), respectively, and a heat
reéistive insulation material member (10, 29) filled
in a space formed between said metal pipe (1, 21) and
said internal heater (8, 28, 38), the entire inner
peripheral surface (3, 23) of said metal pipe (1, 21),
and the outer surfaces of said internal héater (8, 28,
38) and 1lead pins (7, 27) having been oxidized
previously.

The sheathed heater according to Claim 7, wherein said
oxidization is carried out by subjecting said metal
pipe (1, 21), internal heater (8, 28, 38) and lead
pins (7, 27) at a high temperature atmosphere in the

presence of sufficient oxygen.
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durlng about 5 mnutes- 1 hour, until the color of the entire |nner
_peripheral surface of said netal pipe etc.

or black. The weight of the nmetal surface be| ng omdﬂlﬂlﬂﬁ‘ “ M ﬂ‘t
about 0.01 ng/cnferr] of oxidized surface by oxidatio

surface turns |ight brown. In the other method,
carried out by applying known chem cal s,

By such oxidization, the insulation résilst ance of the oxide filmthus

formed b i t he | _
t g;rpm;r at ﬁ?gs Zbg\tﬁe %CI egat)?l AC%re%%e gg%ﬁ?n& @o @fgﬁg% ,CWhrePr%tlneﬁg'}.dat

10.

11.

12.

13.

entire inner peripheral surface (3, 23) of said metal
pipe (1, 21), and the outer surfaces of said internal
heater (8, 28, 38) and lead pins (7, 27) are oxidized
to such a degree that they are colored to at least
light brown.

The sheathed heater according to any one of Claims 1,
4 and 7, wherein said oxidization ié carried out by
applying chemicals.

The sheathed heater according to any one of Claims 1,
4 and 7, wherein said internal heater (8, 28) is in
the shépe of a coil.

The sheathed heater according to any one of Claims 1,
4 and 7, further comprising a core of porcelain
insulator (5) arranged at the center of said metal
pipe (1), wherein said internal heater (8) is a coil
wound around said core (5).

The sheathed heater according to any one of Claims 1,

4 and 7, wherein said internal heater (38) 1is a

straight wire.
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Accor di ng to the sheathed heater of the present invention, the |eakage
. current can be reduced to 1/3- 1/10 of that in the conventional sheathed
heater, in case that the sheathed heater is used at a high tenperature

at nosphere of nore than 600 C. - 10 -
1/3
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because the netal pipe or the heater coil and the |ead pins are oxidized
fully and uniformy, and the insulation resistance of the oxide filmthus
formed is very high. Thus, the present invention is effective to
reduce the | eakage current, thereby precluding the troublesone due to the
often energization of the <circuit breaker inserted between the sheat hed

2/3
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heate,r.,s%an,d t he power source thereof, and the heating operation using the
sheat hed heater can be carried out effici ently and ecconom cal ly.
11
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Al A . , ROTRT~Z 3103
CLAINS- 1. A sheat hed heater conprising a netal pipe (1, 21) an
I nternal -heater (8, 28, 38) inserted into said netal pipe (1, 21), |ead
pins (7, 27) connected to both ends of said heater (8, 28, 38),
respectively, and a heat resistive insulation material nmenber (10, 29)
filled in a space forned between said negﬁl pipe (1, 21) and said interna
heater (8, 28, 38), characterised by the ‘entire inner peripheral surface
(3, 23) of said netal pipe (1, 21) having been oxidi zed previously. 2.
A sheat hed heater conprising a netal pipe, (1, 21) an internal heater (8,
28, 38) inserted into said netal pipe (1, 21), lead pins (7, 27) connected
to both ends of said heater (8, Zgﬁ%ﬁéﬂEﬁ EERvel y, and a heat

BACKGROUND OF THE INVENTION

This invention relates to a sheathed heater, and more particularly to an

improvement of a sheathed heater for use at a higher temperature atmosphere.

In the conventional sheathed heater or cartridge heater, a metal pipe, such
as a stainless steel pipe is used. Accordingly, if the sheathed heater is used at a
high temperature atmosphere of more than 600°C, a leakage current which flows
to the metal pipe from the internal heater coil or resistance -coil is increased,
because the insulation resistance of the heat insulating material member, such as
magnesia which is filled in the metal pipe is decreased according to the elevation
of the temperature. When the leakage current is increased over a predetermined
value, the circuit breaker of the power source for the sheathed heater is energized
to break the power circuit. If a plurality of sheathed heaters are used at the same
time, the circuit breaker would often be energized to break the power circuit.

Thus, the heating -operation cannot be carried out effectively.
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resistive insulation material menber (10, 29) filled in a space formed
bet ween said netal pipe (1, 21) and said internal heater (8, 28, 38),
characterised by the outer surface of said internal heater (8, 28, 38) and

| ead pins (7, 27) having been oxidi sed previously. 3. A sheat hed
heater according to Caim2 the entire inper peripheral surface (3, 23) of
said netal pipe (1, 21) having been oxi di<ed previously. 4. The
sheat hed heater according to either one of Cains 1, 2 and 3 wherein said
internal heater (8, 28) is in the shape of a coil. 5. The sheat hed

heater according to either one of Cains 1, 2 and 3, further conprising a
core of porcel ain iFigsl hant 2(show arcoangidnalt shedthedClisate 130 comprising a metal

pipe 31, such as stainless steel pipe, a bottom plate 32 covering the metal pipe 31
at the bottom portion thereof, a core of porcelain insulator 33 arranged at the
center of said metal pipe 31, a pair of lead pins 34 of which base portions are
inserted into small holes formed passing through said core of porcelain insulator
33, a heater coil 35 wound around the core of porcelain insulator 33, and a heat
resistive insulation material member 37 filled in a space formed between said metal

pipe 31 and said core of porcelain insulator 33.

In such sheathed heater 30, the insulation resistance of the insulation
material member 37 filled in the metal pipe 31 is decreased according to the
elevation of the temperature, in case that the sheathed heater is used at a high
temperature atmosphere of more than 600°C. Accordingly, a leakage current
which flows to the metal pipe 31 from the internal heater coil 35 through the
insulation material member 37 is increased so that the circuit breaker (not shown)
inserted between the sheathed heater and the power source thereof is energized to

break the heating operation. This causes the heating

p 9
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of. said netal pipe (1), wherein said internal heater (8) is a coil wound

around said core of porcelain insulator (5). 6. The sheat hed heater
according to either one of Clains 1, 2 and 3,
-12 -

-3-

operation to be reduced in efficiency. Further, if a plurality of sheathed heaters
are used, the operator must find a sheathed heater of which leakage current
becomes large and replace it, and then the circuit breaker must be deenergized

with much labor and time.

Further, there are given hitherto manufacturing methods of the sheathed
heater as disclosed in Japanese Patents Laid-Open Nos. 155690/83, 157080/83 and
157079/83. In the method shown in the Japanese Patent Laid-Open No.
155690/83, a thin metal plate or metal wire is inserted between the metal pipe and
the heater coil and after the sheathed heater is assembled heated it to be oxidized
in order to prevent the vaporization of the heater coil so that the insulation
resistance of the heat insulating material member, such as magnesia is prevented

from being reduced.

However, it is insufficient to reduce the leakage current which flows from
the heater coil to the metal pipe at a high temperature atmosphere of more than

600°C.

In the Japanese Patent Laid-Open No. 157080/83, the inner peripheral

surface of the metal pipe is coated with a paint including metal oxide powder in
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wheretn said internal heater (38) is a straight wre. 7. A et hod of
formng a sheathed heater exhibiting reduced current | eakage under high
t enperature operation, conprising the steps of: provi di ng 1)
a netal pipe (1, 21) having an inner peripheral surface (3, 23), and
2) a heater having (8, 28, 38) lead pins (7, 27) attached to ends

t her eof ; I nserting said heater (8,'428, 38) and said lead pins (7,
27) into said netal pipe (1, 21); filling a space forned between
said heater (8, 28, 38) and lead pins and said netal pipe with a nenber
formed fromheat resistant insulation material (10, 29), t he net hod

characterised by oxidising directly in a high tenperature

order to prevent the vaporization of the heater coil to attain the same purpose of
the above. However, it is also insufficient to reduce the leakage current at a high
temperature atmosphere more than 600°C and is very difficult to coat uniformly
the entire inner peripheral surface of the metal pipe with the paint. Further, this

method is complex and expénsive.

In the Japanese Patent Laid-Open No. 157079/83, the inner peripheral
surface of the metal pipe is coated with a metal and after the sheathed heater is
assembled said metal is oxidized with heat to attain the same purpose of the above.
However, in this sheathed heater, the leakage current cannot be reduced
sufficiently at a high temperature atmosphere of more than 600°C as mentioned
above. GB 1101275 discloses a sheathed heater in accordance with the

precharacterising portion of Claim 1.

An object of the present invention is to reduce the leakage current in the
sheathed heater, which flows from the internal heater to the metal pipe, so that the

sheathed heater can be used at a high temperature atmosphere of more than 600°C.

The above object can be attained by a sheathed heater in accordance with
the appended claims and comprising, in one embodiment, a metal pipe of which

entire inner peripheral surface has been oxidized previously, an internal heater

inserted into said metal pipe, REPLACEMENT SMEET |

03 OCT 1997




atmosphere containing sufficient air or oxygen to at |east one of 1)
all of said inner peripheral surface (3, 23) of said pipe (1, 21) and

2) outer surfaces of said heater (8, 28, 38) and said lead pins (7, 27)
prior to said insertion step. 8. The met hod of form ng the sheathed
heater according to Caim7, wherein said oxidisation is such a degree that
It is colored to at least |ight brown.

5=

Iead pins connected to both ends of said heater, respectively, and a heat resistive
insulation material member filled in a space formed between said metal pipe and

said internal heater.

The above object can also be attained by a sheathed heater comprising a
metal pipe, an internal heater inserted into said metal pipe, lead pins connected to
both ends of said heater, respectively, and a heat resistive insulation material
member filled in a space formed between said metal pipe and said internal heater,
the outer surfaces of said internal heater and lead pins having being oxidized

previously.

According to the sheathed heater of the present invention, the leakage
current which flows from the internal heater to the metal pipe can be reduced
enough, even if the sheathed heater is used at a high temperature atmosphere of
more than 600°C, because a sufficient oxide film having a good insulating ability
at a high temperature is formed very easily on the entire inner surface of the metal
pipe or the outer surfaces of the heater and lead pins by subjecting them at a
higher temperature atmosphere in the presence of sufficient oxygen, or subjecting

them to the chemicals, such as oxidizing agent.
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- 13.- 9. The sheathed heater according to Claim?7, wherein said

entire inner peripheral surface (3, 23) of said netal pi pe (1, 21),
and the outer surfaces of said internal heater (8, 28, 38) and |ead
pins (7, 27) are oxidized to such a degree that they are colored to
at | east 9

12b is formed of a straight wire 38.

In said embodiments, a metal pipe having a circular cross section
is used. However, it should be understood that a metal pipe having a
rectangular cross section, triangular cross section, elliptic cross section or

the like may be used.

Said oxidization may be carried out by such a method that the metal
pipe etc. is heated in the electric furnace containing sufficient air or
oxygen at the temperature of about 300- 1300°C during about 5 minutes-
more than 10 hours, or at the femperature of about 1,000- 1,300°C
during about 5 minutes- 1 hour, until the color of the entire inner
peripheral surface of said metal pipe etc. is turned to light brown, brown,
or black. The weight of the metal surface being oxidized is increased by
about 0.01 mg/cm? of oxidized surface by oxidation when the oxidized

surface turns light brown.

In the other method, such oxidization is carried out by applying

known chemicals, such as oxidizing agent thereto.

By such oxidization, the insulation resistance of the oxide film thus
formed becomes sufficiently large to reduce the leakage current even at

temperatures above 600°C.

According to the sheathed heater of the present invention, the

leakage current can be reduced to 1/3- 1/10 of that in the conventional

sheathed heater, in case that the sheathed heater is used at a high

temperature atmosphere of more than 600° C. REPLAGEMENT SHEET
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l'ight brown. 10. Th
4 and 7, wherein sai

ccording to any one of Clains 1,

q§£t|on| chrried out by appl yi ng
chemcals. 11. The ghgat ccording to any one of Cains 1,

4 and 7, wherein saifl i heater (8, 28) is in t he shape of a
coil. 12. The sheat hed heater accordijng to an '

T T

CLAIMS

1. A sheathed heater comprising a metal pipe (1, 21) an internal heater
(8, 28, 38) inserted into said metal pipe (1, 21), lead pins (7, 27)
connected to both ends of said heater (8, 28, 38), respectively, and a heat
resistive insulation material member (10, 29) filled in a space formed
between said metal pipe (1, 21) and said internal heater (8, 28, 38),
characterised by the entire inner peripheral surface (3, 23) of said metal
pipe (1, 21) having been oxidized previously.

2. A sheathed heater comprising a metal pipe, (1, 21) an internal
heater (8, 28, 38) inserted into said metal pipe (1, 21), lead pins (7, 27)
connected to both ends of said heater (8, 28, 38), respectively, and a heat
resistive insulation material member (10, 29) filled in a space formed
between said metal pipe (1, 21) and said internal heater (8, 28, 38),
characterised by the outer surface of said internal heater (8, 28, 38) and

lead pins (7, 27) having been oxidised previously.

3. A sheathed heater according to Claim 2 the entire inner peripheral
surface (3, 23) of said metal pipe (1, 21) having been oxidised previously.

4. The sheathed heater according to either one of Claims 1, 2 and 3

wherein said internal heater (8, 28) is in the shape of a coil.

5. The sheathed heater according to either one of Claims 1, 2 and 3,
further comprising a core of porcelain insulator (5) arranged at the center

of said metal pipe (1), wherein said internal heater (8) is a coil wound

around said core of porcelain insulator (5).

6. The sheathed heater according to either one of Claims 1, 2 and 3,



4 and 7, further conprising a core of porcelain i nsul at or (5)

arranged at the center of said netal pi pe (1),—wh re| n said internal
heater (8) is a coil wound around said core (5) eat hed
heater according to any one of Clains 1, 4 and”" ﬁnﬁlﬁj
I nternal heater (38) is a strai ght wre

-12 -

wherein said internal heater (38) is a straight wire.

7. A method of forming a sheathed heater exhibiting reduced current
leakage under high temperature operation, comprising the steps of:

providing

1) a metal pipe (1, 21) having an inner peripheral surface (3,
23), and

2) a heater having (8, 28, 38) lead pins (7, 27) attached to ends
thereof;

inserting said heater (8, 28, 38) and said lead pins (7, 27) into said
metal pipe (1, 21);

filling a space formed between said heater (8, 28, 38) and lead pins
and said metal pipe with a member formed from heat resistant insulation
material (10, 29),

the method characterised by oxidising directly in a high temperature
atmosphere containing sufficient air or oxygen to at least one of

1) all of said inner peripheral surface (3, 23) of said pipe (1,
21) and

2) outer surfaces of said heater (8, 28, 38) and said lead pins
(7, 27) prior to said insertion step.

8. The method of forming the sheathed heater according to Claim 7,

wherein said oxidisation is such a degree that it is colored to at least light

brown.




ABSTRACT:

SHEATHED HEATER

A sheathed heater wherein before the sheathed
heater is assembled, an oxide film is formed on the
inner peripheral surface (2, 23) of a metal pipe,
and/or the outer surfaces of an internal heater (8,
28, 38) and lead bins (7. 27) thereof which are
inserted into the metal pipe (1, 21) by heating
them in the presence of oxygen or by applying
chemicals thergto, and a heat resistive insulation
méterial member (10, 29) is filled in a space
formed betﬁeen the metal pipe (1, 21) and the
internal heater (8, 28, 38). The color of the

oxide film thus formed is light brown, brown or

black.

Figure 3
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