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Manufacturing Method therein
BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a stainless steel vacuum double-
walled container, and manufacturing method therein, for use as a

portable thermos bottle, pot, jar and the like.

Relevant Art

Vacuum double-walled containers manufactured from stainless
steel require a sufficient mechanical strength to prevent exterior damage
or deformation due to impacts sustained when dropped or acted on by
an exterior forcé:_in particular, containers for use as portable thermos

bottles require an increased strength. The strength of the container is

approximately proportional to the hardness of the stainless steel plate

comprising the container. Consequently, by using a stainless steel with a
sufficiently high strehgth, the thickness of the stainless steel plate
material comprising the double-walled container can be reduced, and as
a result it is possible to signiﬁcantly decrease the overall weight of the
stainless steel vacuum double-walled container. . |

With regard to increasing the strength of the stainless steel plate,
a method exists in which the draft of the stainless steel componenf is
increased, in order to increase the curing operation (work hardening),
by performing refining and/or martensite transformation of the metallic
crystal granules during the metal processing.

On the other hand, as a process for vacuum sealing a stainless
steel vacuum double-walled container, vacuum sealing processes are

known such as those stated in Japanese patent application, first
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publication No. Sho 59-103633, Japanese patent application, first
publicatibn No. Sho 61-106119, or Japanese patent application, first
publication No. Sho 58-192516 in which pressure welding and sealing
of a chip tube is performed after creating a predetermined degree of
vacuum by discharging the air via a chip tube arranged in the outer
_container at a temperature of 400°C ~ 1200°C under vacuum or
“atmospheric air conditions, or in which vacuum sealing is carried out by
heat processing and then melting a solid brazing material.
However, according to a conventional method for manufacturing
a stainless steel vacuum double-walled container,' a container is formed
by processing a cold-rolled steel plate, e.g. a stainless steel plate with a
surface finish such as a No. 2B material according to the JIS standard,
by means of rolling, drawing, welding or a similar process. The
hardness therein is_detennined by work processing in this manner, and
consequently it is not possible to reduce the plate thickness below the
minimum plate thickness required for each resﬁective process.
Furthermore, there are also times when the stainless steel of
double-walled containers, which are work hardened by means of heat
'processing during vacuum sealing, reduce the hardness as a result of
annealing. In othef words, stainless steel imparted with a high hardness
from work hardening is softened when annealed at a temperature of
600°C or greater. In addition, at a temperature of 600 ~ 800°C, the
solid solution carbon precipitates out as a carbide resulting in
sensitization, easily occurrence of intergranular corrosion, and
reduction of the corrosion resistance. Furthermore, the hardness is
further reduced when the carbide is transformed into a solid solution by
heating at a temperature of 1000 ~ 1200°C aﬁd returned to an austenite
structure. The application of heat during vacuum discharge is

important in order to sufficiently discharge the residue gas component
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in the stainless steel and create a high vacuum. This application of heat
requires a temperature at least that of practical use: e.g. in the case of a
thermos bottle, a temperature of 100°C or greater is required in order

to store the boiling water. From the aforementioned, in the
manufacturing of a light-weight, vacuum double-walled container it is
necessary to increase the hardness of the stainless steel material to be
used, take into consideration the corrosion resistance according to heat
processing, and select conditions which will prevent softening of the
_stainless steel.

SUMMARY OF THE INVENTION
. It is an object of the present invention to provide a stainless steel
vacuum double-walled container possessing a light weight and superior
impact strength by means of increasing the work hardening of a
stainless steel plate.

According to a first aspect of the present invention, in a vacuum
double-walled container comprising a double-walled structure formed
.by joining the mouth portions of an inner container and an outer
‘container manufactured respectively from a metal, and 2 vacuum
insulation layer formed in the space between the aforementioned inner
and outer containers, a metal vacuum double-walled container is
chafécterized in that the body therein formed by rolling at least the
outer container is formed from a steel plate with a Vickers hardness of
250 ~ 600 Hv.

In addition, according to a second aspect of the present invention,
with regard to the inner and outer containers forming the double-walled
container, a manufacturing method is provided for manufacturing a
metal vacuum double-walled container which characterized in that after

the steel plate of at least the outer container is rolled to a Vickers
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‘hardness of 250 ~ 600 Hv and shaped to the cylindrical contours of the
container, the aforementioned metal vacuum double-walled container is
formed by joining the mouth portion of this outer container with that of
a separately processed inner container. This metal vacuum double-
walled container is then heat processed under a vacuum at a temperature
of 200 ~ 600°C, and the space in between the two walls is vacuum
sealed.

" In accordance with the present invention, it is possible to adjust
the hardness of the stainless steel plate forming the container. By
increasing this hardness it is possible to obtain a hardness that is able to
withstand impact from exterior forces even when possessing a plate
thickness thinner than conventional products. In this manner, the
‘formation of a metal vacuum double-walled container possessing a
lightér weight than that of conventional products is possible.

In addition, since it is possible to reduce the plate thickness of the
container, the materials cost can- be considerably curtailed; thus
resulting in the production of an economical product.

Furthermore, in the case of a plate thickness similar to that of
conventional products, a product can be manufactured with an superior
strength due to the high hardness of the stainless steel plate.

- BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 shows a frontal cross-sectional view of a stainless steel
thermos bottle according to an embodiment of a metal vacuum double-
walled container of the present invention.
Fig. 2 is a graph showing the relationship between the workability
and hardness with regard to low-temperature annealing of a stainless

steel plate. -
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Fig. 3 shows a frontal cross-sectlonal view of a stainless steel

thermos bottle according to a second embodiment of a metal vacuum
- double-walled container of the present invention.
Fig. 4 shows a frontal cross-sectional view of a tapered tube used
in the manufacturing of structural members of the same -thermos bottle.
Fig. 5 shows a froﬁtal cross-sectional view of jar for use as a
stainless steel valve body according to an embodiment of a metal

vacuum double-walled container of the present invention.

DETAILED DESCRIPTION OF TI-IE PREFERRED EMBODIMENTS

Fig. 1 shows a frontal cross-sectional view of a stainless steel
. thermos bottle according to an embodiment of a metal vacuum double-
- walled container of the present invention. This thermos bottle is
constructed from an inner container 1 and an outer container 2 both
formed from a stainless steel material and are joined at their mouth
portions respectively: this thermos bottle further comprises a vacuum
insulation layer 3 formed in the space in between inner- container 1 and
outer container 2. The aforementidned outer container 2 is constructed
by joining an upper member 4, body 5 and bottom member 6 by means
of welding and thereby forming an integrated body. In addition, a
concave portion 7 is provided 'af approximately the center of bottom
member 6, while an exhaust aperture 8 is formed .‘:-lt. the approximate
center of this cbncave portion 7. This exhaust aperture 8 is sealed by
means of a stopper 9 formed from a metal-like brazing material which
melts upon heating to a specified temperature at the time of performing
a vacuum exhaust treatment.

This thermos bottle manufactured from stainless steel is formed
by previously rolling and adjusting the steel plate to form at least the

outer container 2 to a Vickers hardness in the range of 250 ~ 600, and
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then performing an vacuum exhaust treatment under a temperature of
200 ~ 600°C on the double-walled container, formed by joining together

inner container 1 and outer container 2 into an integrated body. The

vacuum is then maintained in the space bétween_ the walls of the double-
- walled container, and the container is sealed. Subseqhently, by allowing
the container to stand and cool to room temperature, the stainless steel
undergoes low-temperature annealing, resulting in a structure in which
the super-hardened portion has a decreased plate thickness.

In manufacturing this thermos bottle, a stainless steel plate which
. has been previously adjusted to a Vickers hardness (Hv) in the range of
- 250 ~ 600 by rolling is used to form the double-walled container by
means of processes such as rolling, drawing, bulging, welding and the
like. The container mouth portion is then pointed downwérd, stopper 9
is inserted into concave portion 7, and the container is placed into a
vacuum heating furnace. A predetermined vacuum is subsecjuer’ltly
created in the space between inner container 1 and outer container 2 at a
temperature of 200 ~ 600°C by means of this vacuum exhaust treatment,
and exhaust aperture 8 of the container is then sealed by means of
melting stopper 9. The steel plate then undergoes low-temperature
annealing thereby resulting.in an increase in the hardness of the stainless
steel plate to form the resultant container. -
| In this manner, a metallic double-walled container is produced in
which an inner container and outer container, formed by plastic
working of the stainless steel plate previously adjusted to a Vickers
hardness in the range of 250 ~ 600 by rolling, are joined to form an
integrated body. Subsequently, after this metallic double-walled
container undergoes a vacuum exhaust treatment at a temperature of
200 ~ 600°C, low-temperature annealing is performed by allowing the

container to cool to room temperature. In order to prove that the
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stainless steel plate forming the container constructed in the
aforementioned manner can "actually be super-h_erdened, the following -
experiment was carried out.

Namely, various types of. steel plates were made by cold working
stainless steel plates (SUS 304) to a workability in the range of 0 ~ 70%,
and the Vickers hardness of each stainless steel plate was measured. In
addition, the aforementioned stainless steel plates were put through low-
temperature annealing for 30 minutes each at 200°C, 400°C and 600°C

respectively, following which measurements of the Vickers hardness
hardness accordmg to the low-temperature annealmg was then
examined. These results are shown in Fig. 2.

In addition, the increase in hardness with regard to differences in
the workability and anneeling temperature of the same stainless steel
plate (SUS 304) are shown in Table 1.

Experimental Method: Test members of thickness 0.5 mm, with 5
cm sides were cold worked to predetermined workabilities. After cold
working, each test member was placed in a heating furnace at normal
temperature, and the temperature of the furnace was raised to the above
specified temperatures which were fespectively maintained for 30
minutes. Subsequently, the Vickers hardness was measured after

removing the test member from the furnace.
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Table 1
Workability | " Hardness (Hv)

(%)

Without 200°C 400°C 600°C

Annealing | (Increased Hv) | (Increased Hv) | (increased Hv)
10 266 277 (11) 303 (37) 300 (34)
20 326 342 (16) 382 (56) 385 (59)
30 360 378 (18) 426 (66) 433 (73)
40 305 418 (23) 48388) | 490 (95)

As seen from Eig. 2 and Table 1, Hv is increased by means of
increasing the workability of the stainless steel plate. Additionaliy, it
was discovered that the Hv is further increased when carrying out low-
temperature annealing after heat processing at a temperature in the
range of 200 ~ 600°C and returning the éold worked Stainless steel plate
to room temperature. Consequently, in. order to increase the hardness,
pressure rolling of the stainless steel plate to serve as the double-walled
c_ontainer material is previously carried out when the steel plate is in a
raw material state. A double-walled container is then formed by
carrying out processes such as rolling, bulging, drawing, welding and
the like, and a vacuum is created in the space between the walls by

means of a vacuum exhaust treatment while heating under a temperature




of 200 ~ 600°C. After sealing the vacuum, low-temperature annealing
is performed upon retﬁming the container to room temperature,’
thereby resulting in an increase in the hardness of the stainless steel
plate. Consequently, the thickness of the stainless steel vacuum double-
walled container is reduced, and a reduction in the weight of the
container becomes possible.

In the case when the Vi_ckerS hardness of the raw material
stainless steel plate is less than 250, a sufficiently high hardness -is
unobtainable for the final product, and reduction of the thickness, and
thereby weight of the plate material cannot be sufficiently achieved. In
addition, in the case when the Hv is greater than 600, plzistic working of
the steel plate becomes difficult.

As well, when the temperature of the low-temperature annealing
is less than 200°C, the increase in the hardness due to this ldw-
temperature annealing is small, while on the other hand, when this
temperature is greater than 600°C, problems arise such as a reduction of
the hardness, degradation of the corrosion resistance, and the like.

Furthermore, in the aforementioned embodiment, a stainless steel
. thermos bottle was used as an example of a metallic vacuum double-
walled container, however, it is needless tb say that other metallic
vacuum double-walled containers may also be applied 'according to the
present invention. For example, the object shown in Fig. 3 in which a
vacuum seal is obtained by means of pressure welding chip tube 10, the
stainless steel jar for use in lunch boxes shown in Fig. 5, various types
of stainless steel cups, vacuum insulated cooking containers, and the like
may also be employed as the stainless steel thefmos bottle mentioned

above.
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Outer container 2 of the portable thermos bottle shown in Fig. 1

was formed by welding together upper member 4, bottom member 6,
and body 5 in such a manner that they formed an integrated body: upper
member 4 and bottom member 6 were both formed by means of
drawing using stainless steel plates, while body 5 was formed by means
of rolling using similar stainless steel plates. The double-walled
“container formed by joining 6uter container 2 and an inner container at
their mouth portions was then placed into a vacuum heating furnace,
and while performing a vacuum exhaust treatment, the container was
vacuum sealed by means of melting a stopper 7, formed from a metal-
like brazing material, by heating at a témperature of 500°C, thereby
producing the product:

The product was formed by using a stainless steel plate (SUS 304)
of hardness 320 Hv, which was rolled at a workability of 20%, as the
body 5 of the outer container. Moreover, upon examining the strength
of the product, it was found -that a reduction in plate thickness to
approximately 0.25 mm, compared to a conventional plate thickness of

0.5 mm, was possible.

(Manufacturing Example 2)

Outer container 2 of the portable thermos bottle shown in Fig. 3
was formed by welding together a body S, shown in Fig. 4, which was
formed from a tapered tube 11 by means of pressing or bulging, and a
bottom member 6, formed by means of drawing. The double-walled
container formed by joining outer container 2 and an inner container at
their mouth portions was then placed into a vacuum heating furnace,
and a vacuum exhaust treatment was performed at a temperature of
450°C in atmospheric air, with the vacuum exhaust exiting through a

copper pipe 10. After this vacuum exhaust treatment was completed,
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this pipe 10 was pressure attached to the container, thereby producing
the product. |
In the above case, body 3 of the outer container was formed using

a steel plate material (SUS 304) in a 1/2 H-shape which had been -

thermally refined and rolled. Upon examining the stréngth of the
product, it was found that a reduction in plate thickness to
approximately 0.2 mm, compared to a conventional plate thickness of
0.4 mm, was possible.

(Manufacturing Examplé 3)

Outer container 2 of the jar for use in box lunches shown in Fig.
S5 was formed from a stainless steel plate by means of drawing. The
double-walled container formed by joining outer container 2 and an
inner container at their mouth portions was then placed into a vacuum
heating furnace, and while performing a vacuum exhaust treatment, the
container was vacuum sealed by means of melting a stbpper by-heating.
at a temperature of 300°C |

In this case, a product was formed using a stainless steel plate
(SUS 301) of hardness 320 Hv, which had been rolled at a workability
of 10%, as the raw material of outer con.tainer.Z.- Upon examining the
strength of the product, it was found that a reduction in plate thickness
to approximately 0.2 mm, compared to a éonventional plate thickness of
0.4 mm, was possible.

Furthermore, as a supplemental test, a test member was formed
using a stainless steel plate (SUS 304) of hardness 320 Hv, which had
been rolled at a workability of 20%. Upon processing this test member
‘at a temperature greater than 600°C, it was found that the above-

mentioned hardness was not obtainable by means of the resultant high-

temperature annealing. Ibis Sheet Has Been R"'i
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In addition, upon examining the increases in hardness obtained
from varying workability and annealing temperature using stainless
steel material other than SUS 304 (e.g. SUS 301, SUS 201 and SUS
316), it was discovered that similar increases in hardness were
obtainable by increasing the workability when heating the rolled steel
member at temperatures in the range of 200 ~ 600‘5C in the same
manner as SUS 304.
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What is claimed is:
1. A metallic vacuum double-walled container comprising:

-an inner container which is formed from a metal, and

-an outer container which is also formed from a metal,

wherein said inner container and said outer container are joined
together to form 5 vacuum double-walled structure in which the space
between said inner container and outer container serves as a vacuum
insulated layer; and at least said outer container possesses a body formed
from a steel plate with a Vickers hardness of 250 ~ 600 by means of

rolling.

2. A metallic vacuum double-walled container as mentioned in
Claim 1 wherein at least said outer container possesses a body formed
~ from a austenite stainless steel plate with a Vickers hardness of 250 ~
600 by means of rolling. | .

3. A metallic vacaum double-walled container manufacturing
method comprising the steps of:

-rolling at least the steel plate of an outer container to a Vickers
hardness of 250 ~ 600;

-shaping said outer container into a cylindrical body;

~forming a metallic double-walled container by joining said outer
container and a proceséed inner container at their mouth portions;

-heat treating said metallic double-walled container at a
temperature of 200 ~ 600°C under a vacuum; and

-vacuum sealing the space between the two walls of said metallic

double-walled container. -
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4. A metallic vacuum double-walled container manufacturing
method as mentioned in Claim 3, whémin in order to increase the
hardness therein an austenite stainless steel plate is previously pressure
rolled, following which said outer container is formed by performing at
least one process, selected from the group consisting of rolling,

drawing, bulging and welding, on the rolled member.
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