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Description

[0001] Thisinventionrelatesto a metal tube of irregular
shape which has at least two inner diameters, and its
production method. To be more specific, this invention
relates to a small diameter, irregular shaped metal tube
which can be used for a pin, injection needle, connector,
electron gun for TV liquid crystal, and the like, and its
production method.

Prior Art

[0002] Metal tubes of small diameter such as those
having, for example, an outer diameter of up to 2 mm
and used for a medical pin, injection needle, connector,
electron gun for TV, or the like are typically produced by
curling a metal thin plate having a thickness of up to 0.2
mm simultaneously with the drawing, welding the abut-
ting edges of the thin plate just before its entrance into a
drawing die, drawing the welded member through the
drawing die to form a tube having an outer diameter of
about 4 to 6 mm, and repeating the drawing process to
thereby produce a final tube product having a tapered or
stepped side profile with at least two inner diameters.
FIG. 12 shows typical process of drawing. In FIG. 12, a
metal tube 1 which has been formed to an outer diameter
of about 4 to 6 mm is drawn through a die 2 having a die
bore of smaller cross section to thereby reduce the outer
diameter and produce a tube having a cross section iden-
tical with the bore of the die. In the drawing, a plug 3 is
inserted in the tube 1 to thereby prevent the occurrence
of creases on the inner surface of the tube 1 during the
drawing process.

[0003] However, when the diameter of the tube 1 be-
comes reduced after repeated drawings, insertion of the
plug 3 in the tube 1 becomes impossible, and such draw-
ing with no plug 3 is inevitable. When the tube 1 is drawn
with no plug 3 inserted in the tube 1, the inner surface of
the tube 1 becomes creased and the inner surface will
sufferfrom an increased surface roughness which results
inthe increase in the resistance of a fluid passing through
the tube 1. Increase in the surface roughness also results
in the increase in the surface area which invites adhesion
of dirtand foreign matters. This is a serious problemwhen
the tube is used for a medical application where hygiene
is of serious interest. In spite of such situation, there has
so far been no small diameter tube which is free from the
problem of the rough inner surface.

[0004] Further, U.S. patentno. 4,785,868, which forms
the basis for the preamble of claim 1, discloses a press
forming process for making medical needles, the process
including the steps of forming, from a roll of sheet metal,
a flat blank which is tied to a carrier strip, and arcuately
shaping the blank, and closeably forming the arcuate
blank to create a medical needle having a holding portion
of large diameter, a cannulated portion of small diameter
and a tip of even smaller diameter.
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SUMMARY OF THE INVENTION

[0005] An object of the present invention is to facilitate
the production of a small diameter metal tube which has
at least two inner diameters and to provide a small diam-
eter metal tube having favorable properties.

[0006] Inorderto attain the object as described above,
the present invention provides a method of producing a
metal tube having at least two inner diameters, compris-
ing the steps set forth in claim 1, and a metal tube as set
forth in claim 5.

[0007] The dependent claims define further develop-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIGS. 1A, 1B and 1C are front, side and back views
of tubes according to some embodiments of the
present invention.

FIGS. 2A to 2E are front, side and back views of
tubes according to other embodiments of the present
invention.

FIGS. 3A and 3B schematically show the tube pro-
duction according to the method of the invention,
FIG. 3A being a view when a plate member having
a development shape of a tube has been blanked
from a metal thin plate; and FIG. 3B being a view
when the plate member has been curled by press
forming.

FIGS. 4C and 4D schematically show the tube pro-
duction according to the method of the invention,
FIG. 4C showing the plate member which has been
press formed into U shape; and FIG. 4D showing the
plate member which has been press formed into a
tube.

FIG. 5is a lateral cross sectional view of a mold used
in producing the metal tube of FIG. 1A.

FIGS. 6A and 6B are views showing the stage cor-
responding to FIG. 4C in the production of the tube
of FIG. 1A using the mold of FIG. 5, FIG. 6A being
a cross section taken from the side of the tube having
a smaller inner diameter; and FIG. 6B being a cross
section taken from the side of the tube having alarger
inner diameter.

FIG. 7 is a lateral cross sectional view showing the
geometrical relation between the plate member
which had been formed into the tube by the step
shownin FIG. 4D, the mold, and the metal thin plate.
FIG. 8 is a view illustrating another embodiment of
the present method wherein a core is used in addition
to the mold for producing the tube.

FIG. 9 is a view showing the stage corresponding to
FIG. 3A in the production of the tube of FIG. 1B by
the present method.

FIG. 10 is a lateral cross sectional view showing a
mold used in the production of the metal tube of FIG.
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1B.

FIG. 11 is a view showing the stage corresponding
to FIG. 3A in the production of the tube of FIG. 1C
by the present method.

FIG. 12 is a view showing the step of drawing in the
conventional tube production process.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Next, the method for producing the metal tube
of the present invention as well as the metal tube pro-
duced by such method are described with reference to
the preferred embodiments shown in the accompanying
drawings.

[0010] The metal tube of the present invention is char-
acterized by its irregular shape having at least two inner
diameters. Typical such tubes include a hollow tube 8
having a circular cross section as shown in FIG. 1A which
is tapered from the distal end having a smaller inner di-
ameter to the proximal end having a larger inner diame-
ter; a hollow tube 8 of circular cross section as shown in
FIG. 1B having a stepped side profile which comprises
a distal portion having a small inner diameter, a proximal
portion having a large inner diameter, and an intermedi-
ate portion between the distal and proximal portions
which is different in the inner diameter from the distal and
proximal portions; and a hollow tube 8 of circular cross
section as shown in FIG. 1C comprising a distal portion
having a small inner diameter, a proximal portion having
a large inner diameter, and a transient portion between
the distal and proximal portions. In FIGS. 1A to 1C, ref-
erence numeral 9 represents the central axis of the tube
8. Further examples of the tube according to the present
invention are shown in FIGS. 2A to 2E. FIG. 2A shows
a hollow tube of quadrilateral cross section which com-
prises a distal portion having a small inner diameter, a
proximal portion having a large inner diameter, and a
transient portion between the distal and proximal por-
tions. FIG. 2B shows a hollow tube which comprises a
distal portion having a small inner diameter, a proximal
portion having a large inner diameter, and a transient
portion between the distal and proximal portions, and in
which the distal portion has a circular cross section
whereas the proximal portion has a quadrilateral cross
section. FIG. 2C shows a hollow tube of circular cross
section which comprises a distal portion having a small
inner diameter, a proximal portion having a large inner
diameter, and a transient portion between the distal and
proximal portions. FIG. 2D shows a hollow tube of hex-
agonal cross section comprising a distal portion having
a small inner diameter, a proximal portion having a large
inner diameter, and a transient portion between the distal
and proximal portions. FIG. 2E shows a hollow tube of
circular cross section comprising a distal portion having
a small inner diameter, a proximal portion having a large
inner diameter, two first and second intermediate por-
tions formed between the distal and proximal portions
and having inner diameters which are different from each
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other and which are also different from those of the distal
and proximal portions, and transient portions formed be-
tween the distal portion and the first intermediate portion,
between the first and second intermediate portions, and
between the second intermediate portion and the proxi-
mal portion.

[0011] Typical application of such metal tube having
at least two inner diameters is an injection needle used
in epidural injection. In the case of inserting the injection
needle for use in epidural injection, the tapered or
stepped profile of the needle functions as a sensor or
indicator for the location of the needle tip, thereby pre-
venting nerve and other fine tissues from being damaged
by the needle which had gone too far.

[0012] Inthe presentinvention, the tube may also have
a cross section other than circle, as exemplified by po-
lygonal such as quadrilateral or hexagon, or ellipsoid as
shown in FIGS. 2A to 2E.

[0013] In the present invention, the tube typically has
an outer diameter of up to 8 mm, and preferably up to 5
mm. When the tube is used for an injection needle, the
tube may have an outer diameter of up to 2 mm, prefer-
ably up to 1 mm, and more preferably up to 0.4 mm.
When the outer diameter is within such range, the tube
used as an injection needle will experience reduced re-
sistance in its insertion into the skin, and pain associated
with the injection will be reduced.

[0014] In the present invention, the tube has at least
two inner diameters, and of the at least two inner diam-
eters, the maximum inner diameter is up to 5 mm, pref-
erably up to 1.5 mm, and more preferably up to 0.8 mm.
[0015] Of the at least two inner diameters of the tube,
the minimum inner diameter is up to 2 mm, preferably up
to 1 mm, and more preferably up to 0.5 mm.

[0016] When the tube has an inner diameter within
suchrange, the tube will enjoy sufficient strength required
for the tube when the tube has an outer diameter within
the above-specified range.

[0017] Inthe presentinvention, the tube inner surface
has a maximum height difference (Rf) in the surface
roughness as defined by JIS-B-0601-1994 of up to 3 um,
preferably up to 2 um, and more preferably up to 1 um.
When the tube inner surface has an Rf within the above-
specified range, the entire inner surface of the tube will
be smooth with no major scratch, and the tube will be
quite suitable for use as a medical device.

[0018] The metal constituting the tube is not limited to
any particular metal, and the metals which may be used
include a steel material such as stainless steel, a non-
ferrous structural material such as aluminum, copper, or
titanium, a heat-resistant material such as nickel, cobalt,
or molybdenum, a low melting point metal material such
as lead or tin, a noble metal material such as gold, silver
or platinum, and an alloy thereof.

[0019] The tube is not limited for its length. When the
tube is used for an injection needle, however, the length
of the tube which inevitably has a thin wall thickness must
be appropriately selected in accordance with the strength
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required for the tube. For example, when the tube is used
for an injection needle, the tube having a diameter cor-
responding to the injection needle of gage 25 to 33 should
have a Vickers hardness of at least 200.

[0020] Next, the method for producing a metal tube
according to the present invention is described. FIGS.
3A, 3B, 4C and 4D illustrate a typical process of produc-
ing the metal tube according to the method of the present
invention. To be more specific, FIGS. 3A, 3B, 4C and 4D
show the process of producing the tapered tube having
a circular cross section shown in FIG. 1A which has a
distal end of a smaller diameter and a proximal end of a
larger diameter. It is to be noted, however, that the pro-
cedure shown by the drawings are presented for ease of
understanding on the method of the present invention,
and the method of the present invention is by no means
limited by such illustration.

[0021] In the method of the present invention, a plate
member 5 having a development shape of a tube is
blanked from a metal thin plate 4 having a thickness of
up to 0.25 mm as shown in FIG. 3A. In this step, it is
important that the plate member 5 is not completely
blanked out of the metal thin plate 4, but is partly left tied
to the thin plate 4. The shape of the plate member 5
blanked may be appropriately selected depending on the
final shape of the tube having at least two inner diame-
ters. In the case of FIGS. 3A to 4D, the tube produced is
a tapered tube, and the plate member 5 has a trapezoid
shape having two opposing shorter sides one of which
is shorter than the other, and in FIG. 3A, central parts 6
in the shorter sides of the trapezoid are left uncut to form
the tie strips 6 which tie the plate member 5 to the metal
thin plate 4.

[0022] It is to be noted that the method used in the
blanking of the plate member 5 from the metal thin plate
4 is not limited to mechanical blanking, and the plate
member 5 may be thermally blanked from the metal thin
plate 4 by using laser or the like.

[0023] Next, the plate member 5 is press formed as
shown in FIG. 3B from both of the upper and lower sides
using upper and lower mold halves 7a and 7b. In the case
of FIG. 3B, the plate member 5 is press formed into a
curved shape about the axis extending through the op-
posite tie strips 6 by the convex upper mold half 7a and
the concave lower mold half 7b.

[0024] In the press forming, the part of the plate mem-
ber 5 corresponding to the distal or proximal end of the
resulting tube 8 is preferably moved upward or downward
in relation to the plane of the metal thin plate 4 so that
the central axis of the tube 8 will extend parallel to the
plane of the metal thin plate 4 in the course of the press
forming.

[0025] Although the tube 8 obtained by the press form-
ing has at least two inner diameters, the central axis of
the tube 8 is maintained parallel to the plane of the metal
thin plate 4 by the upward or downward movement of the
part of the plate member 5 corresponding to the distal or
proximal end of the resulting tube 8 in relation to the metal
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thin plate 4 since the parts in the plate member 5 corre-
sponding to the distal and proximal ends of the tube 8
are tied to the metal thin plate 4.

[0026] More preferably, the central axis of the tube 8
in the course of the press forming after the upward or
downward movement of the part of the plate member 5
corresponding to the distal or proximal end of the result-
ing tube 8 in relation to the metal thin plate 4 is located
at a position remote from the plane of the metal thin plate
4.

[0027] InFIG. 3B, asaresultof the uplifting of the distal
end (the end with the smaller inner diameter) of the tube
8 from the plane of the metal thin plate 4 while maintaining
the proximal end (the end with the larger inner diameter)
of the tube 8 in the same plane as the plane of the metal
thin plate 4, the central axis of the tube 8 in the course
of the press forming extends parallel to the plane of the
metal thin plate 4, and simultaneously, at a distance from
the plane of the metal thin plate 4, and to be more specific
at a position above the plane of the metal thin plate 4.
[0028] In order to uplift from the plane of the metal thin
plate 4 the distal end of the tube 8 into which the plate
member 5 is being press formed, the plate member 5
which is tied to the metal thin plate 4 through the tie strips
6 may be press formed by using a mold of adequate
configuration. For example, when the tube 8 formed is a
tapered hollow tube with a circular cross section having
the distal end of a smaller diameter and the proximal end
of a larger diameter as shown in FIG. 1A, the press form-
ing may be accomplished by using upper and lower mold
halves 7d and 7e which form a cross sectional shape
corresponding to the profile of the tube 8 as shown in
FIG. 5. As will be understood from FIG. 5, when the mold
halves 7d and 7e are used the central axis 9 of the tube
8 in the course of the press forming will extend parallel
to the plane of the metal thin plate 4, and will be located
at a position remote from the plane of metal thin plate 4.
FIGS. 6A and 6B are views showing the production stage
corresponding to FIG. 4C when the tube 8 shown in FIG.
1Ais produced by using the upper and lower mold halves
7d and 7e shown in FIG. 5. FIG. 6A is a cross section
seen from the side of the tube 8 having the smaller inner
diameter, and FIG. 6B is a cross section seen from the
side of the tube 8 having the larger inner diameter. As
will be understood from FIGS. 6A and 6B, the central axis
9 of the tube 8 extends at a position above and remote
from the plane of the metal thin plate 4.

[0029] The method for placing the central axis 9 of the
tube 8 in the course of the press forming at a position
parallel to the plane of the metal thin plate 4 and also, at
a position remote from the metal thin plate 4 has been
described in the case in which the part of the plate mem-
ber 5 corresponding to the distal end (the end with the
smaller inner diameter) of the tube 8 is uplifted from the
metal thin plate 4 to thereby place the central axis 9 of
the resulting tube 8 parallel to and above the plane of the
metal thin plate 4 by referring to FIGS. 3A to 4D. The
method of the present invention, however, is not limited
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to such method, and the part of the plate member 5 cor-
responding to the distal or proximal end of the resulting
tube 8 may be moved either upward or downward in re-
lation to the metal thin plate 4 while the plate member 5
is partially tied to the metal thin plate 4 by the tie strips
6. To be more specific, the part of the plate member 5
corresponding to the proximal end (the end with the larger
inner diameter) of the resulting tube 8 may be moved
downward from the metal thin plate 4 while maintaining
the part of the plate member 5 corresponding to the distal
end (the end with the smaller inner diameter) of the re-
sulting tube 8 in the same plane as the plane of the metal
thin plate 4 to thereby place the central axis 9 of the tube
8 parallel to and below the plane of the metal thin plate
4 contrary to the case depicted in FIGS. 3A to 4D.
[0030] Itis to be noted that, while the central axis 9 of
the tube 8 in the course of press forming is preferably
kept at a position remote from the metal thin plate 4, also
included within the scope of the invention is the method
wherein the tube formation by the press forming is ac-
complished with the central axis 9 of the tube 8 main-
tained in the same plane as the plane of the metal thin
plate 4. In such a case, a mold of an adequate configu-
ration may be used so that the distal end (the end with
the smaller inner diameter) and the proximal end (the
end with the larger inner diameter) of the tube 8 have
different amounts of displacement. For example, the
plate member 5 may be press formed into the tube 8
having at least two inner diameters by adequately regu-
lating the amount of displacement of the lower mold under
the plate member so that the central axis 9 of the tube 8
will be in the same plane as the plane of the metal thin
plate 4, and at the same time, parallel to the plane of the
metal thin plate 4.

[0031] In the preferred embodiment of the method of
the present invention, the central axis 9 of the tube 8
extends at a position remote from the plane of the metal
thin plate 4, and therefore, the tie strips 6 tying the plate
member 5 to the metal thin plate 4 should be longer than
the length corresponding to the distance between the
central axis 9 of the tube 8 and the plane of the metal
thin plate 4. While the length of the tie strips 6 may be
appropriately selected according to the tube size (outer
diameter and length), it is preferable that the length X
(mm) of the tie strips and the outer diameter R (mm) of
the tube 8 meet the following relation:

X 2 R/2

wherein R is the outer diameter of the tube 8 at the distal
or proximal end whose displacement from the plane of
the metal thin plate 4 is larger than the other.

[0032] The above defined relation is preferable since
the tube production is facilitated when the length of the
tie strips 6 and the outer diameter of the tube 8 fulfill the
relation as defined above.
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[0033] FIG. 4C shows the plate member 5 which has
been press formed to some degree. In FIG. 4C, the plate
member 5 has been curled into U-shape. Such curling
to the U-shape may be accomplished either by the press
forming using the upper and lower mold halves 7a and
7b shown in FIG. 3B, or by the press forming using a
mold having a different shape. The plate member 5 which
has been curled into the U-shape is further press formed
into a tube as shown in FIG. 4D by using a concave upper
mold 7c. FIG. 7 is a lateral cross section which shows
location of the tube 8 that had been formed by the step
of FIG. 4D in relation to upper and lower mold halves 7h
and 7i and the metal thin plate 4. As will be understood
from FIG. 7, the central axis 9 of the tube 8 sandwiched
between the upper and lower mold halves 7h and 7i ex-
tends parallel to and above the plane of the metal thin
plate 4. In addition, as will be easily understood by those
skilled in the art, the procedure of press forming into the
tube as shown in FIG. 4D may be accomplished by using
several steps of press forming using molds of different
configurations. Furthermore, as shown in FIG. 8, the curl-
ing of the U-shaped plate member 5 shown in FIG. 4C
into the tube may be accomplished by using a core 10 in
addition to the upper and lower mold halves 7j and 7k.
[0034] The method of the present invention is capable
of producing not only the tapered tube as described
above but also a hollow tube of circular cross section as
shown in FIG. 1B having a stepped side profile which
comprises the distal portion having a small inner diame-
ter, the proximal portion having a large inner diameter,
and the intermediate portion between the distal and prox-
imal portions which is different in the inner diameter from
the distal and proximal portions. In producing the tube
having the shape as shown in FIG. 1B, the plate member
5 having the development shape of the tube 8 is blanked
from the metal thin plate 4 as shown in FIG. 9 with the
central portions 6 in the shorter sides of the plate member
5 being left uncut to form the tie strips 6 which tie the
plate member 5 to the metal thin plate 4, and the plate
member 5 may be press formed by using upper and lower
mold halves 71 and 7m which form a stepped cross sec-
tion corresponding to the side profile of the tube 8 as
shown in FIG. 10.

[0035] The seam of the tube formed by the press form-
ing should be fluid tightly joined in some applications, for
example, when the tube is used by passing a fluid there-
through as in the case of injection needle. The seam may
be joined by using an adhesive. Itis, however, preferable
to weld the tube along its seam since the tube is made
of a metal and is as thin as 1 mm or less in its outer
diameter. The welding of the seam is preferably accom-
plished by melting the matrix of the tube, for example, by
laser welding such as carbon dioxide laser welding, YAG
laser welding, eximer laser welding, or the like among
which the carbon dioxide laser welding and the YAG laser
welding being preferred in view of their wide availability,
low cost, and adaptability to micromachining.

[0036] The tube of the present invention can be ob-
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tained by cutting the tie strips 6 between the thin plate 4
and the plate member 5 after the welding of the seam.
When used in an application which does not particularly
require fluid-tight joining, the tube is not welded. In this
case, the tube can be obtained by cutting the tie strips 6
between the thin plate 4 and the plate member 5 after
formation of the tube 8 by the press forming of the plate
member 5.

[0037] The thus produced tube 8 may be further proc-
essed depending on the intended use of the tube 8. For
example, when the tube 8 is to be used as an injection
needle, the tube 8 should be further processed, for ex-
ample, to thereby provide the tube with an edge by a
suitable conventional method.

EXAMPLES

[0038] Next, the present invention is described in fur-
ther detail by referring to the following Examples.

Example 1

[0039] A hollow tube as shown in FIG. 1A having a
circular cross section which is tapered from the distal end
having a smaller inner diameter to the proximal end hav-
ing a larger inner diameter was produced from a thin plate
of stainless steel (SUS304) having a thickness of 0.05
mm by the procedure shown in FIGS. 3A to 4D using the
upper and lower mold halves 7d and 7e shown in FIG.
5. The resulting hollow tube had the size as summarized
below:

Maximum diameter section
outer diameter: 1 mm, inner diameter: 0.9 mm
Minimum diameter section
outer diameter: 0.7 mm, inner diameter: 0.6 mm
Length: 20 mm
Rmax : 0.8 pm
Example 2

[0040] A hollow tube as shown in FIG. 1B having a
stepped side profile was produced from a thin plate of
stainless steel (SUS304) having a thickness of 0.1 mm
by blanking a plate member having the shape as shown
in FIG. 9, and press forming the plate member by using
the upper and lower mold halves 71 and 7m shown in
FIG. 10. The hollow tube was circular in cross section,
and it had a distal portion having a small inner diameter,
a proximal portion having a large inner diameter, and an
intermediate portion between the distal and proximal por-
tions which was different in the inner diameter from the
distal and proximal portions. The resulting hollow tube
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had the size as summarized below:
Maximum diameter section
outer diameter: 1.5 mm, inner diameter: 1.3 mm
Intermediate diameter section
outer diameter: 1 mm, inner diameter: 0.8 mm
Minimum diameter section
outer diameter: 0.8 mm, inner diameter: 0.6 mm
Length: 2 0 mm
Rmax: 1.1 um
Example 3

[0041] A hollow tube as shown in FIG. 1C was pro-
duced from a thin plate of stainless steel (SUS304) hav-
ing a thickness of 0.05 mm by blanking a plate member
having the shape as shown in FIG. 11, and press forming
the plate member by using a mold having a shape cor-
responding to the side profile of the tube. The hollow tube
was circular in cross section, and it had a distal portion
having a small inner diameter, a proximal portion having
a large inner diameter, and a transient portion between
the distal and proximal portions. The resulting hollow tube
had the size as summarized below:

Maximum diameter section

outer diameter: 0.35 mm, inner diameter: 0.25
mm

Minimum diameter section
outer diameter: 0.2 mm, inner diameter: 0.1 mm
Length: 20 mm

Rmax : 1.7 pm
[0042] The tube of the presentinvention has a smooth
inner surface despite the presence of at least two inner
diameters, and this tube is well adapted for use in such
application as injection needle used for epidural injection.
[0043] The method of the present invention is capable
of producing a small diameter metal tube which has at
least two inner diameters and which has a tapered,
stepped, or other side profile.

[0044] A small diameter metal tube having at least two
inner diameters is provided. A method for producing this
metal tube is also provided. In this method, a plate mem-
ber having a development shape of the metal tube is
blanked from a metal thin plate so that the plate member
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is left partly tied to the metal thin plate, the plate member
is press formed into a tubular body having the at least
two inner diameters, and the plate member partly tied to
the metal thin plate is cut apart to produce the metal tube
having at least two inner diameters.

Claims

1. A method of producing a metal tube (8) having at
least two inner diameters, comprising the steps of:

blanking a plate member (5) having a develop-
ment shape of the metal tube (8) from a metal
thin plate (4) such that said plate member (5) is
left partly tied to said metal thin plate (4);
press forming said plate member (5) into a tu-
bular body having said at least two inner diam-
eters; and

cutting apart said plate member (5) partly tied
to said metal thin plate (4) to produce the metal
tube (8) having said atleast two inner diameters,

characterized in that

in the step of press forming, a partin said plate mem-
ber (5) corresponding to the distal or proximal end
of the tube (8) obtained by the press forming is
moved either upward or downward from the plane
of said metal thin plate (4) so that the central axis (9)
ofthe tube (8) during the press forming will be parallel
to the plane of said metal thin plate (4).

2. The method according to claim 1, wherein the parts
of said plate member (5) corresponding to the distal
and proximal ends of the tube (8) obtained by the
press forming are tied to said metal thin plate (4) by
a tie strip (6).

3. The method according to claim 2, wherein the length
X of said tie strips (6) and the outer diameter R of
the tube (8) obtained by the press forming at the
distal or proximal end whose displacement from the
plane of said metal thin plate (4) is larger than the
other meet the following relation:

X 2 R/2.

4. The method according to any one of claims 1 to 3,
wherein said plate member (5), after having been
press formed into the tubular body having said at
least two inner diameters, is welded at a seam ther-
eon to produce the metal tube (8) having said at least
two inner diameters.

5. A metal tube (8) obtainable by the method defined
in any of claims 1 to 4,
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characterized in that

said metal tube (8) has at least two inner diameters
with @ minimum inner diameter of up to 2 mm and a
maximum inner diameter of up to 5 mm, and

the inner surface of said metal tube (8) has a maxi-
mum height difference (Rf) in the surface roughness
ofupto 3 pm.

Patentanspriiche

Verfahren zur Herstellung eines Metallrohrs (8), das
mindestens zwei Innendurchmesser hat, mit den
Schritten:

Ausstanzen eines Blechteils (5) mit einer Ent-
wicklungsform des Metallrohrs (8) aus einem
Metalldlinnblech (4) derart, dass das Blechteil
(5) teilweise mit dem Metalldiinnblech (4) ver-
bunden bleibt;

Pressformen des Blechteils (5) zu einem rohr-
férmigen Korper, der die mindestens zwei In-
nendurchmesser hat, und

Abschneiden des teilweise mit dem Metalldiinn-
blech (4) verbundenen Blechteils (5), um das
Metallrohr (8) mit den mindestens zwei Innen-
durchmessern herzustellen,

dadurch gekennzeichnet, dass

in dem Schritt des Pressformens ein Stlick in dem
Blechteil (5), das dem fernen oder nahen Ende des
durch das Pressformen erzielten Rohrs (8) ent-
spricht, von der Ebene des Metalldiinnblechs (4) aus
entweder aufwarts oder abwarts bewegt wird, damit
die Mittelachse (9) des Rohrs (8) wahrend des
Pressformens parallel zur Ebene des Metalldiinn-
blechs (4) ist.

Verfahren nach Anspruch 1, bei dem die Stlicke des
Blechteils (5), die dem fernen und nahen Ende des
durch das Pressformen erzielten Rohrs (8) entspre-
chen, durch einen Verbindungsstreifen (6) mit dem
Metalldtinnblech (4) verbunden sind.

Verfahren nach Anspruch 2, bei dem die Léange X
der Verbindungsstreifen (6) und der AuRendurch-
messer R des durch das Pressformen erzielten
Rohrs (8) an dem fernen oder nahen Ende, dessen
Verschiebung von der Ebene des Metalldinnblechs
(4) die groRere ist, die folgende Beziehung erflillen:

X 2 R/2.

Verfahren nach einem der Anspriiche 1 bis 3, bei
dem das Blechteil (5), nachdem es zu dem rohrfér-
migen Kdérper mit den mindestens zwei Innendurch-
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messern pressgeformt worden ist, an einem Saum
darauf verschweif3t wird, um das Metallrohr (8) mit
dem mindestens zwei Innendurchmessern herzu-
stellen.

Metallrohr (8), erzielbar durch das in einem der An-
spriiche 1 bis 4 definierte Verfahren,

dadurch gekennzeichnet, dass

das Metallrohr (8) mindestens zwei Innendurchmes-
ser mit einem minimalen Innendurchmesser von bis
zu 2 mm und einem maximalen Innendurchmesser
von bis zu 5 mm hat und

die Innenflache des Metallrohrs (8) einen maximalen
Hoéhenunterschied (Rf) in der Oberflachenrauheit
von bis zu 3 wm hat.

Revendications

Procédé de production d’'untube métallique (8) ayant
au moins deux diametres internes, comprenant les
étapes consistant a :

poingonner un élément de plaque (5) ayant une
forme de développement du tube métallique (8)
réalisée a partir d’'une plaque métallique fine (4)
de sorte que ledit élément de plaque (5) est lais-
sé partiellement attaché a ladite plaque métal-
lique fine (4) ;

former sous pression ledit élément de plaque
(5) en un corps tubulaire ayant lesdits au moins
deux diametres internes ; et

couper ledit élément de plaque (5) partiellement
attaché a ladite plaque métallique fine (4) pour
produire le tube métallique (8) ayant lesdits au
moins deux diamétres internes,

caractérisé en ce qu’a 'étape de formage sous
pression, une partie dans ledit élément de plaque
(5) correspondant a I'extrémité distale ou proximale
du tube (8) obtenu par formage sous pression, est
déplacée vers le haut ou vers le bas a partir du plan
de ladite plaque métallique fine (4) de sorte que 'axe
central (9) du tube (8) pendant le formage sous pres-
sion est paralléle au plan de ladite plaque métallique
fine (4).

Procédé selon la revendication 1, dans lequel les
parties dudit élément de plaque (5) correspondant
aux extrémités distale et proximale du tube (8) ob-
tenu par le formage sous pression sont attachées a
ladite plaque métallique fine (4) par une bande de
liaison (6).

Procédé selon la revendication 2, dans lequel la lon-
gueur X desdites bandes de liaison (6) et le diamétre
externe R du tube (8) obtenu par le formage sous
pression au niveau de I'extrémité distale ou proxi-
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male dont le déplacement a partir du plan de ladite
plaque métallique fine (4) est supérieur a I'autre, sa-
tisfont la relation suivante :

X2R/2

Procédé selon 'une quelconque des revendications
1 a3, dans lequel ledit élément de plaque (5), apres
avoir été formé sous pression dans le corps tubulaire
ayant lesdits au moins deux diameétres internes, est
soudé au niveau d’un cordon de soudure sur celui-
ci pour produire le tube métallique (8) ayant lesdits
au moins deux diamétres internes.

Tube métallique (8) pouvant étre obtenu par le pro-
cédé défini dans l'une quelconque des revendica-
tions 1 a 4, caractérisé en ce que

ledit tube métallique (8) a au moins deux diamétres
internes avec un diamétre interne minimum jusqu’a
2 mm et un diametre interne maximum jusqu’a 5 mm,
et

la surface interne dudit tube métallique (8) a une
différence de hauteur (Rf) maximum dans la rugosité
de surface jusqu’a 3 pm.
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