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(54) Tube connection structure of fluid pressure-operated apparatus

(57) An insert section (34) of an insert member (28)
is inserted into a tube member (26) in a state in which
the insert member (28) is detached from a recess (29)
to form a diametrally expanded section (39) on the tube
member (26). Subsequently, the insert member (28) is
fitted to the recess (29) to install the tube member (26)
to the recess (29). At this stage, an outer circumferential
surface (40) of an expanded section (36) of the insert
member (28) tightly contacts with an inner circumferen-
tial surface (42) of the recess (29) to effect the sealing
function. Subsequently, a tapered section (56) and an
outer circumferential surface of the tube member (26)
are resin-welded by using a welding material (58). Thus,
the tube member (26) is prevented from disengagement
from a body (18).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] The present invention relates to a tube con-
nection structure for connecting a tube member formed
with a passage for introducing and discharging a fluid,
to a fluid pressure-operated apparatus such as an
ON/OFF valve and a cylinder.

Description of the Related Art:

[0002] Conventionally, the fluid pressure-operated
apparatus such as an ON/OFF valve and a cylinder is
provided with a tube connection structure for connecting
a tube member. Such a tube connection structure is
exemplified by a connection structure for a resin tube,
as disclosed in Japanese Patent No. 2562781.
[0003] As shown in FIG. 10 the connection struc-
ture 1 comprises a cylindrical projection 3 which is dis-
posed at an end of a cylindrical main joint body 2 and
which extends along an outer circumferential surface of
the main joint body 2. An annular long groove 4 is
formed between the cylindrical projection 3 and the
outer circumferential surface of the main joint body 2. A
diametrally expanded section 6 is formed at an end of a
resin tube 5 which is a tube member. The diametrally
expanded section 6 is forcibly inserted into the annular
long groove 4, and an end of the cylindrical projection 3
and an outer circumferential portion of the resin tube 5
are welded by using a resin material 7. Thus, the main
joint body 2 and the resin tube 5 are fixed. The main
joint body 2 and the resin tube 5 are sealed by an inner
circumferential surface of a rising section 8 of the diam-
etrally expanded section 6 and a tapered surface 9 of
the main joint body 2 corresponding thereto.
[0004] However, the connection structure 1 for the
resin tube concerning the conventional technique
described above adopts a method in which the resin
tube 5 is directly installed to a main fluid pressure-oper-
ated apparatus body. It is impossible to confirm the
amount of insertion of the diametrally expanded section
6 of the resin tube 5 with respect to the annular long
groove 4. For this reason, any dispersion occurs in the
amount of insertion of the diametrally expanded section
6. Therefore, if the diametrally expanded section 6 is not
sufficiently inserted into the annular long groove 4, the
sealing is incomplete between the tapered surface 9 of
the main joint body 2 and the rising section 8 of the resin
tube 5. It is feared that the fluid, which flows through the
inside of the resin tube 5, leaks out to the outside
through any gap formed between the tapered surface 9
and the rising section 8.
[0005] Further, it is difficult to confirm whether or
not the diametrally expanded section 6 of the resin tube
5 is uniformly formed in the circumferential direction. If

the diametrally expanded section 6 is not formed uni-
formly, then any gap is formed between the rising sec-
tion 8 and the tapered surface 9, and the sealing is
incomplete. Also in this situation, a problem arises in
that the fluid leaks out.

SUMMARY OF THE INVENTION

[0006] A general object of the present invention is to
provide a tube connection structure of a fluid pressure-
operated apparatus, which makes it possible to improve
the operability to connect a tube member, and which
makes it possible to reliably avoid any occurrence of
defective sealing.
[0007] The above and other objects, features, and
advantages of the present invention will become more
apparent from the following description when taken in
conjunction with the accompanying drawings in which a
preferred embodiment of the present invention is shown
by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 shows a vertical sectional view illustrating an
ON/OFF valve to which a tube connection structure
of a fluid pressure-operated apparatus according to
a first embodiment of the present invention is
applied;
FIG. 2 shows a magnified longitudinal sectional
view, with partial omission, illustrating the tube con-
nection structure shown in FIG. 1;
FIG. 3 shows a vertical sectional view taken along a
line III-III shown in FIG. 2;
FIG. 4 shows a vertical sectional view illustrating a
state of use of the ON/OFF valve shown in FIG. 1;
FIG. 5 shows a magnified longitudinal sectional
view, with partial omission, illustrating a tube con-
nection structure of a fluid pressure-operated appa-
ratus according to a second embodiment of the
present invention;
FIG. 6 shows a magnified longitudinal sectional
view, with partial omission, illustrating a tube con-
nection structure of a fluid pressure-operated appa-
ratus according to a third embodiment of the
present invention;
FIG. 7 shows a magnified longitudinal sectional
view, with partial omission, illustrating a state in
which an annular projection is formed in the tube
connection structure shown in FIG. 6;
FIG. 8 shows a magnified longitudinal sectional
view, with partial omission, illustrating a tube con-
nection structure of a fluid pressure-operated appa-
ratus according to a fourth embodiment of the
present invention;
FIG. 9 shows a magnified longitudinal sectional
view, with partial omission, illustrating a state in
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which an annular projection is formed in the tube
connection structure shown in FIG. 8; and

FIG. 10 shows a longitudinal sectional view, with
partial omission, illustrating a resin tube connection
structure concerning the conventional technique.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0009] The tube connection structure of the fluid
pressure-operated apparatus according to the present
invention will be explained in detail below with reference
to the accompanying drawings, as exemplified by pre-
ferred embodiments.
[0010] With reference to FIG. 1, reference numeral
10 indicates an ON/OFF valve to which a tube connec-
tion structure 12 of a fluid pressure-operated apparatus
according to the first embodiment of the present inven-
tion is applied. The ON/OFF valve 10 comprises a body
18 which has fluid passages 14, 16 and which is formed
of a resin material, a casing 22 which surrounds the
body 18 and which contains a valve plug 20, and a
cover member 24 which closes an upper portion of the
casing 22.
[0011] A tube connection structure 12 is provided at
an opening of each of the fluid passages 14, 16. As
shown in FIG. 2, the tube connection structure 12
includes an insert member 28 which is inserted into an
end of a tube member 26 composed of, for example, a
tube made of a resin material. The insert member 28 is
fitted to a recess 29 which is formed on the body 18 and
which communicates with the fluid passage 14, 16. An
annular projection 46 is formed on a side wall of the
recess 29. As shown in FIG. 3, a plurality of grooves 54
are formed on an inclined wall 48 which constitutes an
outer circumferential surface of the annular projection
46.
[0012] The inner member 28 is formed to have a
substantially cylindrical configuration, and it is formed
with a passage 32 which communicates with the fluid
passage 14, 16 and with a passage 30 of the tube mem-
ber 26. An insert section 34, which is inserted into the
tube member 26, is formed on a first end side of the
insert member 28. An expanded section 36, which is
formed with a step section 35 to expand radially out-
wardly, is formed on a second end side of the insert
member 28. A tapered section 38 is formed on the outer
circumference at the end of the insert section 34.
[0013] When the insert member 28 is inserted, a
diametrally expanded section 39 is formed at the end of
the tube member 26 by expanding the diameter by the
tapered section 38. Alternatively, the diametrally
expanded section 39 may be previously formed at the
end of the tube member 26, and then the insert section
34 of the insert member 28 may be inserted thereinto.
An inclined section 41 is formed at an intermediate por-
tion of the tube member 26 corresponding to the
tapered section 38.

[0014] An outer circumferential surface 40 of the
expanded section 36 tightly contacts with an inner cir-
cumferential surface 42 of the recess 29. Accordingly,
the outer circumferential surface 40 and the inner cir-
cumferential surface 42 function as sealing sections dis-
posed substantially in parallel to the axis of the insert
member 28. A recess 44 is formed at an end of the
expanded section 36. An annular projection 46 is fitted
to the recess 44. When an inclined wall 48 of the annu-
lar projection 46 abuts against a wall 50 of the recess
44, clearances 52a, 52b are formed between the body
18 and the expanded section 36 except for the portion
disposed between the wall 48 and the wall 50. The
respective clearances 52a, 52b communicate with each
other via a groove 54 formed on the wall 48. Therefore,
the sealing is not effected in a direction of intersection
with respect to the axis of the insert member 28.

[0015] The body 18 has a tapered section 56 which
is formed at the opening of the wall of the recess 29.
The tapered section 56 and the outer circumferential
surface of the inclined section 41 of the tube member
are resin-welded by using a welding material 58 made
of resin. Accordingly, the tube member 26 is in a state of
being reliably prevented from disengagement from the
recess 29 of the body 18.
[0016] As shown in FIG. 1, the fluid passages 14,
16 are bent upwardly at the inside of the body 18, and
they communicate with a recess 60 which is formed
over the body 18. A seat section 62 is formed at an
opening of the first fluid passage 16. A step section 64
is formed on a wall of the recess 60. A diaphragm 66 is
engaged with the step section 64. A thick-walled section
68 is formed at a central portion of the diaphragm 66. A
flexible thin-walled section 70 is formed around the
thick-walled section 68. Accordingly, the thick-walled
section 68 is displaceable in the direction of the arrow A
or B in accordance with the flexible bending of the thin-
walled section 70. When the thick-walled section 68 is
displaced in the direction of the arrow A, the thick-walled
section 68 is seated on the seat section 62 to close the
fluid passage 16. On the other hand, when the thick-
walled section 68 is displaced in the direction of the
arrow B, the fluid passage 14 communicates with the
fluid passage 16. A resilient member 72, which is made
of a material, for example, synthetic rubber or natural
rubber and which is formed to have a ring-shaped con-
figuration, is engaged with an upper surface of the thin-
walled section 70.
[0017] A projection 76, which is fitted into the
recess 60, is formed at a lower portion of the casing 22.
The diaphragm 66 is interposed and supported by the
projection 76 and the step section 64. A recess 78 is
formed at a central portion of the projection 76. The
recess 78 communicates with the outside of the casing
22 via a passage 80. In this arrangement, the passage
80 communicates with the atmospheric air, and it func-
tions such that the air is introduced into the recess 78 or
the air is discharged from the recess 78 when the thick-
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walled section 68 of the diaphragm 66 is displaced in
the direction of the arrow A or B. The recess 78 commu-
nicates with a hole 82 which extends along the axis of
the casing 22. The hole 82 communicates with a recess
84 which is formed at an upper portion of the casing 22.
A piston 88, which constitutes the valve plug 20 and
which has a flange 86 at its upper portion, is slidably
inserted into the hole 82 and the recess 84.

[0018] The recess 84 is divided into a first chamber
85 disposed on the lower surface and a second cham-
ber 87 disposed on the upper side by a packing member
96 which is provided on the flange 86. Ports 100, 102
communicate with the first chamber 85 and the second
chamber 87 respectively. An upper portion of the thick-
walled section 68 of the diaphragm 66 is fitted into a
recess 90 which is formed at a lower end portion of the
piston 88. A holding member 92, which opens increas-
ingly in a trumpet-shaped configuration, is secured to a
lower portion of the outer circumference of the piston
88. The holding member 92 functions such that it is
engaged with the upper surface of the resilient member
72 to elastically hold the thin-walled section 70 of the
diaphragm 66.
[0019] A packing member 94 for preventing any
leakage of the pressure fluid is provided on the outer cir-
cumference of the piston 88. A damper 98 is provided at
the bottom of the recess 84. A cylindrical projection 104
is formed at an upper portion of the flange 86.
[0020] The cover member 24 is formed with a fitting
section 106 for being fitted into the recess 84. An O-ring
108 is provided on an outer wall of the fitting section 106
for preventing any leakage of the pressure fluid from the
gap between the outer wall of the fitting section 106 and
the wall of the recess 84. A damper 109 is provided at a
lower portion of the fitting section 106. The fitting sec-
tion 106 is formed with a recess 110. A first end of a first
coil spring 112 is seated on the bottom of the recess
110. A second end of the first coil spring 112 is dis-
posed and seated on an upper portion of the flange 86
at the outside of the cylindrical projection 104. A second
coil spring 114, a first end of which is seated on the bot-
tom of the recess 110, is provided at the inside of the
first coil spring 112. A second end of the second coil
spring 114 is disposed and seated on an upper portion
of the flange 86 at the inside of the cylindrical projection
104.
[0021] The ON/OFF valve 10 based on the use of
the tube connection structure 12 of the fluid pressure-
operated apparatus according to the first embodiment is
basically constructed as described above. Next, expla-
nation will be made for a method for connecting the tube
member 26 into the inside of the recess 29 of the body
18.
[0022] At the stage at which the tube member 26 is
not connected to the body 18, the welding material 58 is
not welded on the tapered section 56 of the body 18.
Further, the insert member 28 is removed from the
recess 29.

[0023] At first, the insert section 34 of the insert
member 28 is inserted into the end of the tube member
26. In this method, the diametrally expanded section 39
may be formed by pressing and expanding the tube
member 26 by using the tapered section 38. Alterna-
tively, the diametrally expanded section 39 may be pre-
viously formed at the end of the tube member 26 by
means of, for example, the flaring process, and then the
insert section 34 of the insert member 28 may be
inserted into the diametrally expanded section 39. The
tube member 26 is inserted along the insert section 34
until the end of the tube member 26 abuts against the
35 of the insert member 28. At this stage, the insert
member 28 is in a state of being detached from the
recess 29. The operator is capable of visually observing
the diametrally expanded section 39 inserted with the
insert section 34. Therefore, the tube member 26 can
be installed to the insert member 28 by a predetermined
length reliably with ease.

[0024] Subsequently, the insert member 28 is fitted
to the recess 29, and the tube member 26 is installed to
the recess 29. At this stage, the end of the tube member
26 is supported by the insert member 28. Therefore, the
tube member 26 can be easily installed to the recess
29. In this situation, the end of the tube member 26 is
inserted into the insert section 34 until the end of the
tube member 26 abuts against the step section 35 of the
insert member 28. Therefore, the predetermined portion
of the tube member 26 is reliably inserted into the
recess 29, and hence any shortage of amount of inser-
tion does not occur. In other words, the amount of inser-
tion of the tube member 26 is previously set to be a
predetermined amount by means of the insert member
28. Accordingly, it is possible to avoid any shortage of
the amount of insertion of the tube member 26. There-
fore, the tube member 26 is installed with sufficient ten-
sile strength into the recess 29 of the body 18. Thus, it
is possible to reliably prevent the tube member 26 from
disengagement from the body 18.
[0025] The outer circumferential surface 40 of the
expanded section 36 of the insert member 28 tightly
contacts with the inner circumferential surface 42 of the
recess 29, and it effects the sealing function. Accord-
ingly, the fluid is reliably prevented from leakage to the
outside of the body 18 from the fluid passages 14, 16.
[0026] Subsequently, the tapered section 56 of the
body 18 and the outer circumferential surface of the
tube member 26 are resin-welded by using the welding
material 58. Accordingly, the tube member 26 is
secured to the body 18. Thus, the tube member 26 is
prevented from disengagement from the body 18. In this
procedure, the resin-welding is effected on the inclined
section 41 which is a portion different from the
expanded section 36 to perform the sealing function.
Therefore, the sealing function is not effected, for exam-
ple, by any dispersion of the welding operation. Thus,
the sealing is reliably achieved.
[0027] The tube member 26 is installed to the inside
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of the recess 29 of the body 18.

[0028] Next, the operation of the ON/OFF valve 10
will be explained.
[0029] At first, a compressed air supply source 122
is connected via a selector valve 120 to ports 100, 102.
The tube members 26, 26, which are connected to the
tube connection structures 12, 12, are connected to a
fluid supply source 124 and a supply object 126.
[0030] After completing the preparatory stage as
described above, the selector valve 120 is switched to
introduce the compressed air from the compressed air
supply source 122 via the port 100 into the first chamber
85. Accordingly, as shown in FIG. 4, the piston 88 is dis-
placed in the direction of the arrow B against the resil-
ient force of the coil springs 112, 114. The thick-walled
section 68 of the diaphragm 66 is separated from the
seat section 62, and the fluid passage 14 communi-
cates with the fluid passage 16. Therefore, the fluid is
supplied from the fluid supply source 124 via the fluid
passages 14, 16 to the supply object 126.
[0031] When the selector valve 120 is switched to
introduce the compressed air from the compressed air
supply source 122 via the port 102 into the second
chamber 87, the piston 88 is displaced in the direction of
the arrow A as shown in FIG. 1. Accordingly, the thick-
walled section 68 of the diaphragm 66 abuts against the
seat section 62, and the communication state between
the fluid passages 14, 16 is blocked. Therefore, the sup-
ply of the fluid from the fluid supply source 124 to the
supply object 126 is stopped.
[0032] Next, a tube connection structure 200 of a
fluid pressure-operated apparatus according to the sec-
ond embodiment will be explained with reference to
FIG. 5. The same constitutive components as those of
the first embodiment are designated by the same refer-
ence numerals, detailed explanation of which will be
omitted. The third and fourth embodiments, which will
be described later on, will be explained in the same
manner as described above.
[0033] The body 18 of the tube connection structure
200 is formed with an annular projection 202 which sur-
rounds the opening of the recess 29 and which extends
in an inclined manner along the inclined section 41 of
the tube member 26.
[0034] Before the tube member 26 is installed to the
tube connection structure 200, the annular projection
202 is not inclined, and it is formed linearly to extend in
the axial direction of the recess 29. When the tube
member 26 is installed, then the insert member 28 is
inserted into the tube member 26, and the insert mem-
ber 28 is fitted to the recess 29 to install the tube mem-
ber 26 to the recess 29, in the same manner as in the
first embodiment. After that, the annular projection 202
is heated and softened, and it is deformed along the
inclined section 41 of the tube member 26 to melt and
fuse the annular projection 202 and the inclined section
41. Thus, the tube member 26 is prevented from disen-
gagement from the tube connection structure 200.

[0035] Next, a tube connection structure 300 of a
fluid pressure-operated apparatus according to the third
embodiment will be explained with reference to FIG. 6.

[0036] A plurality of annular projections 304 are
formed on an outer circumference of an expanded sec-
tion 302 of the insert member 28 for constructing the
tube connection structure 300. The annular projections
304 abut against the inner circumferential surface of the
recess 29 to prevent the fluid in the fluid passages 14,
16 from leakage to the outside of the body 18. A plurality
of annular projections 308 are also formed on an outer
circumference of an insert section 306 of the insert
member 28. The annular projections 308 abut against
the inner wall surface 310 of the tube member to pre-
vent the fluid from leakage.
[0037] The tapered section 56 of the opening of the
wall of the recess 29 and the outer circumferential sur-
face of the inclined section 41 of the tube member 26
are resin-welded by using the welding material 58 made
of resin. Accordingly, the tube member 26 is reliably pre-
vented from disengagement from the recess 29 of the
body 18.
[0038] Alternatively, as shown in FIG. 7, the tube
connection structure 300 according to the third embodi-
ment may be also constructed as follows in the same
manner as the tube connection structure 200 according
to the second embodiment. That is, an annular projec-
tion 202 is formed to surround the opening of the wall of
the recess 29 of the body 18. The annular projection
202 is deformed along the inclined section 41 of the
tube member 26 to melt and fuse the annular projection
202 and the inclined section 41. Thus, the tube member
26 is prevented from disengagement from the tube con-
nection structure 300.
[0039] Next, a tube connection structure 400 of a
fluid pressure-operated apparatus according to the
fourth embodiment will be explained with reference to
FIG. 8.
[0040] A side wall surface 402 for constructing the
recess 29, which is formed on the body 18 of the tube
connection structure 400, extends in the direction sub-
stantially perpendicular to the axis of the fluid passages
14, 16. On the other hand, an end surface 404, which
extends in the direction perpendicular to the axis of the
fluid passages 14, 16, is formed on the expanded sec-
tion 36 of the insert member 28. The sealing function is
effected by the abutment of the side wall surface 402
and the end surface 404. Thus, the fluid in the fluid pas-
sages 14. 16 is prevented from leakage to the outside of
the body 18.
[0041] Further, the annular projections 304, 308,
which are formed on the outer circumferences of the
expanded section 36 and the insert section 34 of the
insert member 28, abut against the inner circumferential
surface 42 of the recess 29 and the inner wall surface
310 of the tube member 26 respectively, in the same
manner as in the tube connection structure 300 accord-
ing to the third embodiment. Thus, the fluid is prevented
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from leakage.

[0042] The body 18 has the tapered section 56
which is formed at the opening of the wall of the recess
29, in the same manner as in the tube connection struc-
ture 12 according to the first embodiment. The tapered
section 56 and the outer circumferential surface of the
inclined section 41 of the tube member 26 are resin-
welded by using the welding material 58 made of resin.
Accordingly, the tube member 26 is prevented from dis-
engagement from the tube connection structure 400.
[0043] Alternatively, as shown in FIG. 9, the follow-
ing arrangement is available in the same manner as in
the tube connection structure 200 according to the sec-
ond embodiment. That is, an annular projection 202 is
formed to surround the opening of the wall of the recess
29 of the body 18. The annular projection 202 is
deformed along the inclined section 41 of the tube
member 26 to melt and fuse the annular projection 202
and the inclined section 41. Thus, the tube member 26
is prevented from disengagement from the tube connec-
tion structure 400.
[0044] In this arrangement, a tapered section 408,
the diameter of which is gradually increased toward the
fluid passage 14, 16, is formed on the passage 32 of the
insert member 29. By doing so, even when any dimen-
sional error exists in each of the diameters of the fluid
passage 14, 16 of the body 18, the passage 32 of the
insert member 28, and the passage 30 of the tube
member 26, it is possible to permit the dimensional
error. Thus, it is possible to suppress the formation of
any liquid pool. In other words, the provision of the
tapered section 408 on the insert member 28 inter-
posed between the fluid passage 14, 16 of the body 18
and the passage 30 of the tube member 26 makes it
possible to adjust, for example, the dimensional error
between the fluid passage 14, 16 and the passage 30 of
the tube member 26 by the aid of the tapered section
408 of the insert member 28 disposed at the intermedi-
ate position. Thus, it is possible to allow the fluid to
smoothly flow along the mutually communicating pas-
sages 14, 16, 32, 30 without forming any liquid pool.

Claims

1. A tube connection structure of a fluid pressure-
operated apparatus, comprising:

a body (18) which is formed of a resin material,
which constitutes said fluid pressure-operated
apparatus (10), and which is formed with a fluid
passage (14, 16); and
an insert member (28) which is fitted to a
recess (29) formed at an opening of said fluid
passage (14, 16), which is formed with a pas-
sage (32) for making communication with said
fluid passage (14, 16), and which is inserted
into one end of a tube member (26) composed
of a resin material,

wherein:

said insert member (28) is formed with a step
section (35) for making abutment against said
one end to regulate an amount of insertion of
said tube member (26), and said tube member
(26) and said body (18) are connected by resin-
welding said opening of said fluid passage (14,
16) and said tube member (26).

2. The tube connection structure of said fluid pres-
sure-operated apparatus according to claim 1,
wherein said insert member (28) has an expanded
section (36) formed to expand radially outwardly
therefrom, and a sealing function is effected by an
outer circumferential surface (40) of said expanded
section (36) and an inner circumferential surface
(42) of said recess (29).

3. The tube connection structure of said fluid pres-
sure-operated apparatus according to claim 1,
wherein said insert member (28) has an expanded
section (302) formed to expand radially outwardly
therefrom, an annular projection (304) is formed on
said expanded section (302), and a sealing function
is effected by abutment of said annular projection
(304) against an inner circumferential surface (42)
of said recess (29).

4. The tube connection structure of said fluid pres-
sure-operated apparatus according to claim 1,
wherein said insert member (28) has an expanded
section (36) formed to expand radially outwardly
therefrom, and a sealing function is effected by
abutment of an end surface (404) of said expanded
section (36) against a side wall surface (402) of said
recess (29).

5. A tube connection structure of a fluid pressure-
operated apparatus, comprising:

a body (18) which is formed of a resin material,
which constitutes said fluid pressure-operated
apparatus (10), and which is formed with a fluid
passage (14, 16); and
an insert member (28) which is fitted to a
recess (29) formed at an opening of said fluid
passage (14, 16), which is formed with a pas-
sage (32) for making communication with said
fluid passage (14, 16), and which is inserted
into one end of a tube member (26) composed
of a resin material,
wherein:
said insert member (28) is formed with a step
section (35) for making abutment against said
one end to regulate an amount of insertion of
said tube member (26), said body (18) is
formed with an annular projection (202) which
surrounds an opening of a wall of said recess
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(29) and which extends along an outer wall of
said tube member (26), and said tube member
(26) and said body (18) are connected by
deforming said annular projection (202) to melt
and fuse said annular projection (202) to said
outer wall of said tube member (26).

6. The tube connection structure of said fluid pres-
sure-operated apparatus according to claim 5,
wherein said insert member (28) has an expanded
section (36) formed to expand radially outwardly
therefrom, and a sealing function is effected by an
outer circumferential surface (40) of said expanded
section (36) and an inner circumferential surface
(42) of said recess (29).

7. The tube connection structure of said fluid pres-
sure-operated apparatus according to claim 5,
wherein said insert member (28) has an expanded
section (302) formed to expand radially outwardly
therefrom, an annular projection (304) is formed on
said expanded section (302), and a sealing function
is effected by abutment of said annular projection
(304) against an inner circumferential surface (42)
of said recess (29).

8. The tube connection structure of said fluid pres-
sure-operated apparatus according to claim 5,
wherein said insert member (28) has an expanded
section (36) formed to expand radially outwardly
therefrom, and a sealing function is effected by
abutment of an end surface (404) of said expanded
section (36) against a side wall surface (402) of said
recess (29).
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