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DESCRIPTION

Title of the Invention:  SEAL STRUCTURE FOR FLOW-PATH CONNECTION 

PART 

Technical Field 

[0001]  The present invention relates to a seal structure (sealing 

equipment) for use in a flow-path connection part of a pipe, a container, 

and so on. 

Background Art 

[0002]  A flange joint using a flange (i.e., a disk-like larger-diameter 

portion formed at an end of a pipe) has hitherto been known as a joint for 

a location where pipes for feeding fluids need to be removed in some cases.  

When connecting flanges to each other, a seal (gasket) is held between 

two flanges to prevent leakage of a fluid or intrusion of foreign matters 

from the outside.  The gasket is mainly made of an elastic body and is 

fitted under compression into a groove that is formed in each of the 

flanges.  Due to a repulsive force generated from the compressed gasket, 

the gasket is press-contacted with a wall surface of the groove, thus 

developing a sealing (enclosing) action. 

[0003]  In the case of feeding fluids (e.g., foods and pharmaceuticals) 

that require sanitary (hygienic) conditions, if a level difference (e.g., a 

recess or a projection) occurs in a pipe seam portion (particularly a gasket 

portion), the fluid accumulates in such a portion, and the sanitary 

conditions are no longer kept.  Several proposals have been made to cope 

with the above-mentioned problem (Patent Documents 1 and 2). 

[0004]  Patent Document 1 discloses a pipe member connecting device 

for connecting and fixing respective connected ends of pipe members by 

joining the connected ends to each other with a ring-shaped packing 
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interposed therebetween, and by tightening the connected ends with a 

clamp hand wound over an outer periphery of a joined portion, wherein 

both the tube members have annular abutment portions, which are formed 

at the connected ends of the pipe members and which are shaped such 

that, upon tightening with the clamp hand, the annular abutment portions 

are directly contacted with each other over entire circumferences thereof 

in a pipe axial direction and are engaged with each other in 

concave-convex relation, and the ring-shaped packing is placed in an 

annular recess formed in one of the connected ends on the inner 

peripheral side than the annular abutment portions, and is set such that 

the ring-shaped packing is brought into a compressed state when the 

annular abutment portions are directly contacted with each other, and that, 

in the compressed state, an inner periphery of the ring-shaped packing is 

substantially in flush with inner peripheral surfaces of both the pipe 

members. 

[0005]  Patent Document 2 discloses a flange coupling structure including 

flanges each having an end surface, which extends in a direction of radius 

thereof substantially perpendicular to an axis of a pipe, and each joined to 

a pipe end, a central circular opening penetrating through the end surface 

of the flange to be communicated with the inside of the pipe, and a device 

for fastening the flanges to each other in a state aligned in the axial 

direction, wherein the flange coupling structure comprises a seal chamber 

defined by an annular recess that is circumferentially formed around the 

central circular opening of the flange, and that is recessed inward in the 

axial direction, and an elastic seal ring positioned in the seal chamber and 

compressed in the seal chamber, the seal chamber and the elastic seal ring 

being dimensioned such that sealing pressure is generated from a wall 
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surface of the seal chamber when flange sealing surfaces are directly 

engaged with each other. 

List of Prior-Art Documents 

Patent Documents 

[0006]  Patent Document 1: Japanese Patent No. 4450711 

 Patent Document 2: Japanese Patent Laid-Open Publication No. 

H7-158783

Summary of the Invention 

Problems to be Solved by the Invention 

[0007]  In each of the gaskets disclosed in the above-cited Patent 

Documents, the gasket has to be collapsed in conformity with the groove 

shape, and the collapsed gasket has to be in flush with the inner surface of 

the pipe.  Therefore, dimensional accuracy required for the gasket and 

the pipes is necessarily severe. 

[0008]  Moreover, in each of the gaskets disclosed in the above-cited 

Patent Documents, because alignment of respective centers of the pipe 

and the gasket is obtained for the shape of the gasket in a state after being 

collapsed, it has been difficult to align the centers of the pipe and the 

gasket with each other. 

[0009]  In view of the above-described situation, an object of the present 

invention is to provide a seal structure for a flow-path connection part, 

which enables respective centers of a flow path and a gasket to be aligned 

easily without high dimensional accuracy (with normal dimensional 

accuracy). 

Means for Solving the Problems 

[0010]   According to a first invention, there is provided a seal structure 

for a flow-path connection part including a pair of flanges arranged to face 
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each other, the seal structure comprising a gasket having protrusions 

provided symmetrically on front and back sides of the gasket at an outer 

periphery thereof or near the outer periphery, and flanges each having a 

receiving groove provided annularly in a connected surface thereof, 

wherein the receiving groove is wider than the protrusion and has an 

arc-shaped deepest portion against which a top portion of the protrusion 

abuts, and the top portion of the protrusion has a curved surface formed 

such that the curvature of the top portion is greater than or equal to the 

curvature of the deepest portion of the receiving groove. 

 According to a second invention, in the first invention, an inner 

diameter of the gasket becomes equal to an inner diameter of the flange 

when an inner portion of the protrusion of the gasket is pressed between 

the connected surfaces of the flanges. 

 According to a third invention, in the first invention, the pair of 

flanges include an engagement portion on outer peripheral side of the 

receiving grooves. 

 According to a fourth invention, in the first invention, the receiving 

groove has an inner surface defining an outer region of the receiving 

groove, the inner surface being abutted against an outer peripheral 

surface of the gasket and being a surface parallel to a center axis. 

[0011]  According to a fifth invention, there is provided a liquid ejection 

device including the seal structure for the flow-path connection part 

according to the first invention. 

 According to a sixth invention, there is provided a liquid storage 

container including the seal structure for the flow-path connection part 

according to the first invention. 

Advantageous Effects of the Invention 
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[0012]  With the present invention, respective centers of the flange and 

the gasket are aligned easily without high dimensional accuracy. 

 Furthermore, since the flange and the gasket are contacted with 

each other at multiple points, high sealing pressure can be realized. 

Brief Description of the Drawings 

[0013]  [Fig. 1]  Fig. 1 is a perspective view illustrating an example of a 

pipe connection part to which the present invention is applied. 

 [Fig. 2]  Fig. 2 is a sectional view illustrating a gasket according to 

a first embodiment. 

 [Fig. 3]  Fig. 3 is a sectional view illustrating a receiving groove 

according to the first embodiment. 

 [Fig. 4]  Fig. 4 is a sectional view illustrating a state where a seal 

structure according to the first embodiment is in a state fastened by a 

clamp. 

 [Fig. 5]  Fig. 5 is a sectional view illustrating a process through 

which respective centers of the gasket and a pipe are aligned with each 

other according to the first embodiment; specifically, Fig. 5(a) represents a 

state where the centers are going to be aligned, Fig. 5(b) represents a 

state where the centers are aligned, and Fig. 5(c) represents a state where 

the centers are fixedly held. 

 [Fig. 6]  Fig. 6 is a sectional view illustrating an example of a 

receiving groove shape according to a second embodiment; specifically, 

Fig. 6(a) represents the case where the receiving groove and an 

engagement portion are disposed separately from each other, and Fig. 6(b) 

represents the case where a part of the receiving groove is omitted and 

replaced with the engagement portion. 
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 [Fig. 7]  Fig. 7 is a partial sectional view illustrating a valve 

according to a third embodiment. 

 [Fig. 8]  Fig. 8 is a partial sectional view illustrating a tank cover 

according to a fourth embodiment. 

Mode for Carrying out the Invention 

[0014]  Embodiments for practicing the present invention will be 

described below. 

<<First Embodiment>> 

 A first embodiment discloses an example in which, as illustrated in 

Fig. 1, pipes 1 having flanges 2 are connected to each other with a gasket 

3 interposed between them, and are fixed by a clamp 4.  The structures of 

a gasket and a receiving groove according to this embodiment is first 

described, and a pipe connection method is then described. 

[0015]  (1)  Structures 

 a. Gasket 

 Fig. 2 illustrates a sectional shape of a gasket 3 according to this 

embodiment.

 The gasket 3 according to this embodiment is an annular elastic 

body, and it has a flat portion 5 and protrusions 6 provided symmetrically 

on the front and back sides of the gasket (to protrude in the same direction 

as a center axis 7) at an outer periphery thereof. 

 A penetrating hole 9 through which a fluid flows is formed in a 

central region of the flat portion 5.  A diameter of the penetrating hole 9 

is set slightly greater than an inner diameter of each pipe 1 such that an 

inner peripheral surface 8 of the gasket and an inner peripheral surface of 

each pipe 1 are positioned in flush with each other in a state where the 

gasket is deformed by being fixedly held between the pipes 1 and 1.  Thus, 
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because no level difference occurs at a pipe seam portion, sanitary 

conditions can be kept and flow resistance can be reduced. 

[0016]  A top portion of each protrusion 6 (i.e., its portion facing in the 

same direction as the center axis 7) has a curved surface, and a sectional 

shape of the top portion is semicircular or semi-elliptic.  The protrusions 6 

are provided symmetrically on the front and back sides of the gasket at the 

outer periphery thereof or near the outer periphery in annular shapes that 

are matched with shapes of receiving grooves 10.  In other words, the 

gasket 3 is formed symmetrically with respect to a centerline extending in 

a direction perpendicular to the center axis 7.  The curvature of the 

protrusion 6 is set greater than that of a recessed surface of the receiving 

groove 10 (stated in another way, the radius of the former is set smaller 

than that of the latter), and the rise (height) of the protrusion 6 from the 

flat portion 5 is set greater than the depth of the receiving groove 10.  

The reason why the curvature of the protrusion 6 is preferably set greater 

resides in facilitating center alignment.  The reason why the height of the 

protrusion 6 is set greater than the depth of the receiving groove 10 

resides in providing sealing pressure with the aid of a repulsive force that 

is generated upon collapse of the protrusion 6 when the flanges 2 are fixed.  

In order to realize high sealing pressure, the gasket 3 is made of rubber 

using, e.g., silicone, PTFE, or nitrile as a raw material. 

[0017]  b.  Receiving Groove 

 As illustrated in Fig. 3, the receiving groove 10 is formed in a 

connected surface of the flange 2 that is provided at each pipe end.  The 

receiving groove 10 according to this embodiment is an annular recess 

having a semicircular or semi-elliptic sectional shape and formed in the 

connected surface of the flange 2.  The curvature of the recessed surface 
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of the receiving groove 10 is set smaller than that of the top portion of the 

protrusion 6 (stated in another way, the radius of the former is set greater 

than that of the latter).  The reason resides in realizing a center aligning 

action described later.  Here, the curvature of the entire recessed surface 

is not necessarily required to be smaller than or equal to that of the top 

portion of the protrusion 6.  Thus, it is required that the curvature of at 

least a region near a deepest portion of the receiving groove 10 is smaller 

than or equal to that of the top portion of the protrusion 6. 

 Furthermore, the depth of the receiving groove 10 is smaller than 

the height of the protrusion 6 of the gasket 3, and the width of the 

receiving groove 10 is greater than that of the protrusion 6 of the gasket 3.  

The reason resides in making the protrusion 6 of the gasket 3 collapsed 

when the flanges 20 are fixed, and in providing sealing pressure with the 

aid of a repulsive force that is generated upon collapse of the protrusion 6. 

[0018]  (2)  Connecting Method 

 a.  Connection by Clamp 4 

 Fig. 4 illustrates a state where the pipes 1, each having the flange 2 

in which the receiving groove 10 is formed, are connected to each other by 

the clamp 4 with the gasket 3 interposed between the flanges 2.  While, 

in this embodiment, the ends of the pipes 1 are not directly contacted with 

each other when the pipes are connected by the clamp, the ends of the 

pipes 1 may be directly contacted with each other, and a later-described 

inner surface 18 defining an outer region of the receiving groove may be 

formed. 

 When the pipes 1 are properly connected to each other, the 

protrusions 6 of the gasket 3 are each brought into a state fitted to a 

deepest portion 12 of the receiving groove 10.  Furthermore, the seal 
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structure is designed such that, in the above-mentioned state, the gasket 

center axis 7 and the pipe center axis 14 are aligned with each other. 

[0019]  Because the height of the protrusion 6 is greater than the depth 

of the receiving groove 10, the protrusion 6 is collapsed when the pipes 1 

are connected to each other with the protrusion 6 being in the state fitted 

to the deepest portion 12 of the receiving groove 10.  Moreover, 

respective center-side ends 13 and 13 of the connected surfaces of the 

flanges 2 and 2 facing each other sandwich the flat portion 5 while 

pressing the flat portion 5 to be collapsed.  Therefore, the gasket 3 is 

press-contacted with the flange at two positions, i.e., at the deepest 

portion 12 and the center-side end 13, whereby the sealing pressure can 

be increased.  In addition, because the gasket 3 undergoes outward 

pressure from the inside of the pipe 1, an outer portion of the protrusion 6 

is pressed against the receiving groove 10.  That action contributes to 

further increasing the sealing pressure. 

[0020]  While one example of means for connecting the pipes 1 to each 

other with the gasket 3 brought into the collapsed state is the clamp 4 such 

as illustrated in Fig. 1, the present invention is not limited to the use of the 

clamp.  As another example, the flanges 20 may be directly connected to 

each other by employing bolts and nuts. 

[0021]  b.  Center Aligning Action 

 When the pipes 1 are connected to each other with the gasket 3 

interposed between them, the gasket center axis 7 and the pipe center 

axis 14 need to be aligned with each other.  Even if both the center axes 

are shifted in a step of manual positioning, the gasket center axis 7 and 

the pipe center axis 14 can be naturally aligned with each other in this 
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embodiment during a series of operations for connecting the pipes 1.  

Such a process is illustrated in Fig. 5. 

[0022]  When the pipes 1 are approached to each other in the state where 

the gasket 3 is fitted into the receiving grooves 10 in not-centered relation, 

each protrusion 6 undergoes a force (denoted by a solid filled arrow) 

acting in a direction toward the deepest portion 12 by a contact action 

between the curved inner surface of the receiving groove 10 and the 

curved surface of the protrusion 6.  Therefore, the gasket 3 starts to 

move (Fig. 5(a)).  When the protrusion 6 of the gasket 3 reaches the 

deepest portion 12 of the receiving groove 10, the gasket center axis 7 and 

the pipe center axis 14 are aligned with each other, whereupon the 

movement of the gasket 3 is stopped (Fig. 5(b)).  By fixing the pipes 1 to 

each other in the above-mentioned state while the gasket 3 is brought into 

the collapsed state, the pipes can be fixedly held in the state where the 

gasket center axis 7 and the pipe center axis 14 are aligned with each other.  

(Fig. 5(c)). 

[0023]  Thus, the gasket center axis 7 and the pipe center axis 14 are 

aligned with each other through the ordinary operation for connecting the 

pipes 1 to each other.  Furthermore, as seen from Figs. 5(a) and 5(b), the 

center alignment can be established before the gasket 3 is pressed and 

collapsed between the center-side ends 13. 

[0024]  According to this embodiment, as described above, since the 

gasket protrusion and the receiving groove are shaped to have curved 

surfaces, the respective centers of the gasket and the pipe can be naturally 

aligned with each other.  Therefore, severe dimensional accuracy is no 

longer required, and the manufacturing cost can be reduced.  

Furthermore, since the gasket is collapsed and fixed at two positions, i.e., 
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at the deepest portion 12 and the center-side end 13, and the sealing 

pressure is further generated by a force acting against the pressure 

applied from the inside of the pipe, large sealing pressure can be obtained. 

[0025]  <<Second Embodiment>> 

 A second embodiment relates to a seal structure in which the pipes 

1 are formed to be “engageable” with each other such that the respective 

centers of the pipes 1 can be aligned more easily with higher reliability. 

 In this embodiment, as illustrated in Fig. 6, the flanges 2 include 

projected portions 15 and 17 formed on the outer peripheral side of the 

receiving grooves 10 in shapes engageable with each other.  The 

projected portions 15 and 17 are engaged with each other to provide an 

annular engagement portion 16.  The projected portions 15 and 17 may 

be formed separately from the receiving grooves 10 (Fig. 6(a)).  

Alternatively, when there is a problem with sizes of the projecting flanges 

2, the receiving grooves 10 may be each formed in an arc shape having a 

central angle of 90 degrees to reduce the flange size (Fig. 6(b)).  On that 

occasion, the effect of increasing the sealing pressure with the aid of the 

pressure applied from the inside of the pipes 1 is obtained by forming an 

inner surface 18 defining an outer region of the receiving groove and 

positioned inside the projected portion 17 as a surface parallel to the 

center axes 7 and 14 such that the outer peripheral surface of the gasket 3 

is abutted against the inner surface 18.  It is to be noted that the 

structure including the inner surface 18 defining the outer region of the 

receiving groove, as illustrated in Fig. 6(b), requires higher dimensional 

accuracy than in Fig. 6(a). 

[0026]  Also in this embodiment, since the curvature of the region near 

the deepest portion 12 of the receiving groove 10 is set smaller than that 
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of the curved surface of the gasket protrusion 6, the center aligning effect 

can be naturally developed when the pipes 1 are connected to each other. 

 Furthermore, with the provision of the engagement portion 16, an 

extent of the collapse of the gasket 3 during the operation for the pipe 

connection is held constant, and breakage or deformation (plastic 

deformation) caused by excessive collapse can be prevented. 

[0027]  <<Third Embodiment>> 

 A third embodiment represents, as an example of application to a 

connection portion of a device for handling a fluid, the case where the seal 

structure is employed in a needle valve that is one type of a liquid ejection 

device.  In application to a valve, the seal structure is preferably 

employed in a flow path communicating with a component that is 

frequently disassembled or replaced, e.g., an ejection unit including a 

nozzle and a valve sheet. 

 In a needle valve 19 illustrated in Fig. 7, a liquid material is ejected 

from a nozzle 23 by driving a not-illustrated piston, to which a needle 21 is 

connected, with air supplied and discharged through couplings 20 such 

that a communication hole 24 is opened and closed by a needle end 25.  

The liquid material is supplied from a liquid-material supply port 26 

communicating with a liquid storage container (not illustrated). 

[0028]  In this embodiment, the gasket 3 and the receiving grooves 10 

are disposed between a valve body 27 and an ejection unit 28 that includes 

a valve sheet 22 and a nozzle 23.  Moreover, an engagement portion 16 is 

formed by providing mutually engageable projected portions on the outer 

peripheral side of the receiving grooves 10.  The valve body 27 and the 

ejection unit 28 are fixed to each other, for example, by screwing (bolting) 

at portions where the gasket is not present. 
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 By providing the seal structure between the valve body 27 and the 

ejection unit 28 as described above, high sealing pressure can be realized 

reliably.  Furthermore, maintenance work for the valve sheet 22 and the 

nozzle 23, which are frequently disassembled for cleaning or replaced, is 

facilitated, and the sanitary conditions can be kept easily. 

[0029]  The seal structure of this embodiment may be further applied, for 

example, to a joint of the liquid-material supply port 26, or to a position 

partitioning a piston accommodation chamber (not illustrated) and a fluid 

chamber where the valve end is positioned. 

[0030]  <<Fourth Embodiment>> 

 A fourth embodiment discloses the case where the seal structure is 

applied to a liquid storage container. 

 A liquid storage container according to this embodiment, illustrated 

in Fig. 8, is a pressure tank including a cover 29 provided with a 

supply/discharge port 30 through which pressurized gas is supplied and 

discharged, and with a suction pipe 31 through which a pressurized liquid 

material 33 stored in a tank 32 is discharged to the outside.  The cover 29 

is fixed to a body of the tank 32 by forming flanges 2 at an upper end of 

the tank 32 and at an outer edge of the cover 29, and by clamping the 

flanges 2 with a clamp 4 such as illustrated in Fig. 1. 

[0031]  In this embodiment, the gasket 3 and the receiving grooves 10 

are disposed between and in the flange at the upper end of the body of the 

tank 32 and the flange 2 at the outer edge of the cover 29.  Moreover, an 

engagement portion 16 is formed by providing mutually engageable 

projected portions on the outer peripheral side of the receiving grooves 10. 
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 In the liquid storage container of this embodiment, high sealing 

pressure can be realized reliably.  Furthermore, maintenance work is 

facilitated, and the sanitary conditions can be kept easily. 

List of Reference Symbols 

[0032]  1: pipe  2: flange  3:  gasket  4: clamp  5: annular member  

6: protrusion  7: gasket center (axis)  8: inner peripheral surface of 

gasket  9: hole through which fluid passes  10: receiving groove  12: 

deepest portion  13: center-side end of flange  14: pipe center (axis)  

15: projected portion (outer projected portion)  16: engagement portion  

17: projected portion (inner projected portion)  18: inner surface defining 

outer region of receiving groove  19: needle valve  20: coupling  21: 

needle  22: valve sheet  23: nozzle  24: communication hole  25: 

needle end  26: liquid material supply port  27: ejection unit  28: valve 

body  29: cover  30: supply/discharge port  31: suction pipe  32: tank  

33: liquid material 
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CLAIMS 

1.  A seal structure for a flow-path connection part including a pair of 

flanges arranged to face each other, the seal structure comprising: 

 a gasket having protrusions provided symmetrically on front and 

back sides of the gasket at an outer periphery thereof or near the outer 

periphery; and  

 the flanges each having a receiving groove provided annularly in a 

connected surface thereof,  

 wherein the receiving groove is wider than the protrusion and has 

an arc-shaped deepest portion against which a top portion of the 

protrusion abuts, and 

 the top portion of the protrusion has a curved surface formed such 

that the curvature of the top portion is greater than or equal to the 

curvature of the deepest portion of the receiving groove,  

 wherein a curved surface that forms the arc-shaped deepest 

portion within the receiving groove being less than a curved surface that 

forms the entire receiving groove provided in the connected surface, the 

curved surface of the protrusion abuts less than the entire curved surface 

of the receiving groove. 

2.  The seal structure for the flow-path connection part according to 

Claim 1, wherein an inner diameter of the gasket becomes equal to an 

inner diameter of the flange when an inner portion of the protrusion of the 

gasket is pressed between the connected surfaces of the flanges. 
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3.  The seal structure for the flow-path connection part according to 

Claim 1, wherein the pair of flanges include an engagement portion on 

outer peripheral side of the receiving grooves. 

4.  The seal structure for the flow-path connection part according to Claim 

1, wherein the receiving groove has an inner surface defining an outer 

region of the receiving groove, the inner surface being abutted against an 

outer peripheral surface of the gasket and being a surface parallel to a 

center axis. 

5.  A liquid ejection device including the seal structure for the flow-path 

connection part according to Claim 1. 

6.  A liquid storage container including the seal structure for the flow-path 

connection part according to Claim 1. 

7.  A seal structure for a flow-path connection part including a pair of 

flanges arranged to face each other, the seal structure comprising: 

 a gasket having protrusions provided symmetrically on front and 

back sides of the gasket at an outer periphery thereof or near the outer 

periphery; and 

 the flanges each having a receiving groove provided annularly in a 

connected surface thereof, 

 wherein the receiving groove is wider than the protrusion and has 

an arc-shaped deepest portion against which a top portion of the 

protrusion abuts, 
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 the top portion of the protrusion has a curved surface formed such 

that the curvature of the top portion is greater than or equal to the 

curvature of the deepest portion of the receiving groove, and that a height 

of the protrusion is greater than a depth of the receiving groove, and 

 when the flanges are approached to each other in a state where the 

gasket is fitted into the receiving grooves in not-centered relation, each 

protrusion undergoes a force acting in a direction toward the deepest 

portion, and movement of the gasket is stopped upon the protrusion 

reaching the deepest portion and respective centers of the gasket and the 

flanges being aligned with each other. 

8.  The seal structure for the flow-path connection part according to claim 

7, wherein an inner diameter of the gasket becomes equal to an inner 

diameter of the flange when an inner portion of the protrusion of the 

gasket is pressed between the connected surfaces of the flanges. 

9.  The seal structure for the flow-path connection part according to claim 

7, wherein the pair of flanges include an engagement portion on outer 

peripheral side of the receiving grooves. 

10. The seal structure for the flow-path connection part according to claim 

7, wherein the receiving groove has an inner surface defining an outer 

region of the receiving groove, the inner surface being abutted against an 

outer peripheral surface of the gasket and being a surface parallel to a 

center axis. 
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11. A liquid ejection device including the seal structure for the flow-path 

connection part according to claim 7. 

12. A liquid storage container including the seal structure for the flow-path 

connection part according to claim 7. 

 


