
1 SPECIFICATION FLUID COUPLING AND METHOD OF DESIGNING
TECHNICAL FIELD 5 The present invention relates to
fluid couplings, and  more particularly to fluid
couplings wherein a gasket  interposed between
coupling members is deformed to provide  sealing
properties, and a method of designing the coupling. 10
BACKGROUND ART The publication of JP-A No. 09-032984
(the drawings,  especially FIGS. 14 to 17) filed by
the present applicant  already discloses a fluid
coupling comprising a first and a  second coupling
member having respective fluid channels 15
communicating with each other, a gasket in the form of
an  apertured disk and interposed between abutting end
faces of  the two coupling members and screw means for
fastening the two  coupling members together. Each of
the first and second  coupling members is provided in
the abutting end face thereof 20 with an annular
projection for holding the gasket. The  publication
also discloses a first and a second coupling member
each provided with an annular recessed portion formed
in an  abutting end face thereof and having a flat
bottom face. The  recessed portions of the two
coupling members define a space 25 having an annular
gasket disposed therein. The gasket has an  annular
ridge formed on each of opposite side surfaces
thereof.  With the fluid coupling described above, the
end face of each coupling member including the gasket
holding annular  projection requires high-precision
working including 2 provision of a mirror finish,
necessitates time and labor for  working and therefore
has the problem that the working offers  an obstacle
to an improvement in the efficiency of the entire  



process for manufacturing the coupling. Accordingly,
it 5 appears preferable to use couplings of the type
wherein the  gasket has annular ridges on the
respective opposite side  surfaces, whereas a detailed
study still remains to be made  about the shape of
gaskets, and no microscopic studies have  heretofore
been made especially about the shape of the 10
projections or ridges to be provided on the gasket
although  ridges of various shapes may be usable. An
object of the present invention is to construct a
proper seal structure between the coupling members
with  attention directed also to the shape of the
gasket and to 15 provide a fluid coupling which is
improved in both sealing  properties and durability
and a method of designing the  coupling. DISCLOSURE OF
THE INVENTION 20 The present invention provides a
fluid coupling  comprising a first and a second
coupling member having  respective fluid channels
communicating with each other, a  gasket interposed
between abutting end faces of the two  coupling
members and screw means for fastening the two coupling
25 members together, each of the first and second
coupling members  being provided in the end face
thereof with an annular  recessed portion having a
flat bottom face, the gasket being  annular and
disposed within a space defined by the recessed
portions of the two coupling members, the gasket
having an 3 annular ridge formed on each of opposite
side surfaces thereof,  the fluid coupling being
characterized in that the ridge of the gasket has a
trapezoidal cross sectional shape defined by  an outer
tapered face providing an outer peripheral surface,  5
an inner tapered face providing an inner peripheral
surface  and a flat face providing a top end surface. 



The fluid coupling of the present invention is usable
of course for connecting two pipes together and also
for  fluid-tightly connecting block members, each
having a fluid  10 channel, to each other. With the
fluid coupling of the present invention, the  gasket
has a trapezoidal cross sectional shape, so that the
variable factors are three, i.e., the angle between
the  tapered faces, the height of the ridge and the
area of flat 15 top end faces of the ridge.
Accordingly the coupling has a  greater degree of
freedom of design and higher sealing  properties and
durability than those having a ridge of  triangular
cross section wherein only two factors, i.e., the
angle between the tapered faces and the height of the
ridge, 20 are variable, or those having a projection
of rectangular  cross section wherein only two
factors, i.e., the width and  height of the
projection, are variable. Preferably, the hardness of
the gasket, the angle  between the tapered faces of
the ridge, the height of the ridge  25 and the area of
the flat top end face of the ridge are so determined
that the value of thrust for tightening up the
coupling will be between a predetermined minimum value
and a  predetermined maximum value. This ensures both
the sealing  properties and durability at the same
time. 4 Preferably, the angle a between the outer
tapered face  and the inner tapered face of each
annular ridge of the gasket  is 50 to 130 deg. For
example, with an angle a of 90 deg serving as a  5
reference, thrust values involved in the cases of
angles a  60 deg and 120 deg can then be determined to
readily obtain  gaskets having ridges of proper
shapes. The present invention provides a method of
designing a  



fluid coupling comprising a first and a second
coupling member  10 having respective fluid channels
communicating with each other, a gasket interposed
between abutting end faces of the two  coupling
members and screw means for fastening the two coupling
members together, each of the first and second
coupling members  being provided in the end face
thereof with an annular 15 recessed portion having a
flat bottom face, the gasket being  annular and
disposed within a space defined by the recessed
portions of the two coupling members, the gasket
having an  annular ridge formed on each of opposite
side surfaces thereof, the fluid coupling designing
method being characterized in  20 that the ridge of
the gasket has a trapezoidal cross sectional  shape
defined by an outer tapered face providing an outer
peripheral surface, an inner tapered face providing an
inner  peripheral surface and a flat face providing a
top end surface,  the hardness of the gasket, the
angle between the tapered faces 25 of the ridge, the
height of the ridge and the area of the flat  top end
face of the ridge being so determined that the value
of thrust for tightening up the coupling is between a
predetermined minimum value and a predetermined
maximum value. Preferably, the hardness of the gasket,
the taper angle 5 of the ridge of the gasket, the
height of the ridge and the  area of the flat top end
face of the ridge are so determined  as to satisfy the
following expression: surface pressure as determined
from minimum tightening-up  5 force X safety factor <
experimental value of thrust per unit  area for
tightening up the coupling <thrust per unit area as
determined from the Vickers hardness of the gasket X
safety  factor. The minimum tightening-up force to be
used is, for  10 example, the greater of the two,
i.e., the bolt load when the  



coupling is in use, and the bolt load when the gasket
is  tightened up. The experimental value of thrust per
unit area  for tightening up the coupling is
determined from an actual  thrust measurement and a
calculated value of the pressure 15 receiving surface.
The thrust per unit area as determined from  the
Vickers hardness of the gasket can be determine from
an  equation representing the Vickers hardness HV =
0.102 X F/S  (wherein F is a test load, and S is the
surface area). Both the sealing properties and
durability can be  20 reliably ensured by determining
the hardness and shape of the  gasket so as to satisfy
the above expression. BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a sectional view showing a first
embodiment  25 of fluid coupling according to the
invention. FIG. 2 is an enlarged view in section of a
gasket for  use in the fluid coupling of the
invention. FIG. 3 is a graph showing the relationship
between the  torque and the thrust as established for
the fluid coupling 6 of the invention. FIG. 4 is a
graph showing the relationship of the  tightening-up
torque and the pressure receiving area to the
displacement as established for the fluid coupling of
the  5 invention. FIG. 5 is a graph for use in
obtaining gaskets suitable  for use in the fluid
coupling of the invention, in the case  where the
taper angle of a ridge is 90 deg. FIG. 6 is a graph
similar to FIG. 5 in the case where  10 the taper
angle of the ridge is 60 deg. FIG. 7 is a graph
similar to FIG. 5 in the case where  the taper angle
of the ridge is 120 deg. FIG. 8 is another graph for
use in obtaining gaskets  



suitable for use in the fluid coupling of the
invention, in  15 the case where the taper angle of
the ridge is 90 deg. FIG. 9 is a graph similar to FIG.
8 in the case where  the taper angle of the ridge is
60 deg. FIG. 10 is a graph similar to FIG. 8 in the
case where  the taper angle of the ridge is 120 deg.
20 BEST MODE OF CARRYING OUT THE INVENTION
Embodiments of the invention will be described below
with reference to the drawings. In the following
description,  left- and right-hand sides of FIG. 1
will be referred to as  25 "left" and "right." FIG. 1
shows a first embodiment of fluid coupling of the
invention. The fluid coupling 1 comprises first and
second  coupling members 2, 3 having respective fluid
channels 2a, 3a  communicating with each other, an
annular gasket 4 interposed 7 between abutting end
faces of the two coupling members 2, 3  and screw
means (not shown) for fastening the two coupling
members 2, 3 together. The first and second coupling
members 2, 3 are provided  5 in the abutting end faces
thereof with respective annular  recessed portions 5,
6 each having a flat bottom face. The  gasket 4 is
disposed in a gasket enclosing space defined by  the
recessed portions 5, 6 of the two coupling members 2,
3.  The gasket 4 is provided with an annular ridge 7
on each of  10 opposite side surfaces thereof. As
shown on an enlarged scale in FIG. 2, the ridge 7 of
the gasket 4 has a trapezoidal cross sectional shape
defined  by an outer tapered face 7a providing an
outer peripheral  surface, an inner tapered face 7b
providing an inner peripheral 15 surface and a flat
face 7c providing a top end face. A face  



7d extending radially outward from the base end of the
outer  tapered face 7a serves as a reference face for
determining the  height of the ridge 7. The distance
from a plane through the  center of the gasket 4 with
respect to the axial direction 20 thereof to the base
end of the inner tapered face 7b is slightly  smaller
than the distance from the center plane through the
gasket 4 to the reference face 7d (i.e., one half of
the  thickness of the gasket other than the ridge) .
The gasket 4  has an inside diameter (diameter of
fluid channel) greater than 25 the diameter of the
fluid channels 2a, 3a of the two coupling  members 2,
3. The axially opposite edges of the outer  periphery
of the gasket 4 are chamfered, and a cavity 7f having
a circular-arc cross section is formed in the axial
midportion  of outer periphery of the gasket 4. 8 The
Vickers hardness HV of the gasket 4, the taper angle
a between the tapered faces 7a, 7b of the ridge 7, the
height  P of the ridge 7 and the area S of the flat
face 7c of the ridge  7 at the top end thereof are so
determined that the value of 5 thrust will be between
a predetermined minimum value and a  predetermined
maximum value when the displacement due to  tightening
is altered according to the designing method to be
described below. The two coupling members 2, 3 are
about 300  in Vickers hardness HV. 10 A description
will be given of the method of designing  the fluid
coupling according to the invention. The following
experiments were conducted on the features  of the
fluid coupling 1 described with the findings given
below.  FIG. 3 is a graph showing the relationship
between the 15 toque and the thrust. The graph shows
the relationship between  the torque and the thrust,
as determined by tightening up  coupling members in
the form of blocks with four M4 bolts.  



Three kinds of bolts were used for the experiment;
bolts without  plating, bolts plated with silver, and
bolts without plating 20 and with application of
grease. Use of these bolts indicates  that the silver
plating or grease reduces the friction involved  in
rotation, permitting the thrust to increase in
proportion  to the torque, and that in the case of the
bolts without plating,  the thrust increases at a
smaller rate relative to the increase  25 in the
torque. The graph of FIG. 4 shows the relationship of
the  tightening-up torque and the pressure receiving
area to the  displacement when the gasket 4 is so
shaped that a = 90 deg  and P = 0.29 mm. It is seen
that the pressure receiving area increases in
proportion to the displacement, and that the
displacement remains almost unaltered despite an
increase in  the tightening-up torque after the
displacement reaches the  height P of the ridge. 5 To
obtain the required sealing properties, a minimum
tightening-up force is needed, that is, thrust of not
smaller  than a predetermined value is necessary for
tightening up.  Further to ensure the required
strength, it is required that  the thrust be not in
excess of a predetermined value 10 corresponding to
the hardness of the gasket 4. Accordingly,  when the
factor of safety is also considered, it is preferred
that the gasket 4 have such a hardness and shape
(taper angle  a, height P of the ridge and area S of
flat top end face) as  to satisfy the following
expression: 15 Minimum tightening-up force X safety
factor < thrust for  tightening-up the coupling <
thrust corresponding to the  surface hardness X safety
factor. When the variation in area due to tightening
is  considered, it is more preferable to use the
following  20 expression: 



surface pressure as determined from minimum
tightening-up  force X safety factor < experimental
value of thrust per unit  area for tightening up the
coupling <thrust per unit area  as determined from the
Vickers hardness of the gasket X  25 safety factor.
The minimum tightening-up force to be used is the
greater of the two, i.e., the bolt load when the
coupling is  in use and the bolt load when the gasket
is tightened up. Table  1 shows the mathematic
expressions for calculating the minimum 10
tightening-up force, etc. and the meanings of symbols.
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5 shows a graph for use in obtaining gaskets suitable
for use in the fluid coupling of the invention. The
displacement is plotted as abscissa, the thrust or
bolt load  as ordinate, and the taper angle a of the
ridges on the gasket 5 is 90 deg to determine the
relationship between the  displacement and the thrust
or bolt load. With reference to  the graph of FIG. 5,
a comparison between the gasket which is  30 in
Vickers hardness HV and the gasket with a Vickers
hardness  HV of 100 shows that the thrust is about 340
kgf and about 1120 10 kgf, respectively, at a maximum
displacement (upon completion  of tightening up) , and
that care must be taken of the damage  to or break in
the coupling or bolt due to excessive thrust,  in the
case of the gasket having a hardness of HV 100. The
graph further indicates that the use of bolts of
silver plating 15 (indicated by Ag PLATING) results in
experimental values  intermediate between those of the
above two specimens, and that  the bolt load in the
state of use is much less than the bolt  load for
tightening up the gasket. FIGS. 6 and 7 show the
results of experiments similar  20 to that of FIG. 5,
where the taper angle a of the gasket ridges  7 was 60
deg (FIG. 6) or 120 deg (FIG. 7) A comparison with
FIG. 5 reveals that the change of the taper angle a
from 90  deg to 60 deg results in a decrease in
thrust, while the change  



of the taper angle a from 90 deg to 120 deg leads to
an increase 25 in thrust. Thus, a gasket 4 can be
designed to obtain a  predetermined value of thrust in
a certain range by varying,  for example, the Vickers
hardness or taper angle. FIG. 8 is another graph for
use in obtaining gaskets  4 suitable for use in the
fluid coupling of the invention. The 13 displacement
is plotted as abscissa, the thrust per unit area  as
ordinate, and the taper angle a of the ridges 7 on the
gasket 4 is 90 deg to determine the relationship
between the  displacement and the thrust per unit
area. The experimental 5 values per unit area are the
characteristics of the fluid  coupling of the
invention. The graph of FIG. 8 reveals that  the
thrust per unit area required for the sealing
properties  is obtained at a displacement of at least
0.1 mm, i.e., that  the requirement that the surface
pressure as determined from 10 the minimum
tightening-up force < the thrust per unit area for
tightening up the coupling can be fulfilled. In view
of the  factor of safety in actuality, it is thought
that the sealing  properties can be reliably obtained
when the displacement is,  for example, a least 0.15
mm. Further if the displacement is, 15 for example, at
least 0.4 mm, the thrust per unit area reaches  the
thrust level corresponding to a gasket Vickers
hardness  HV of 100, failing to fulfill the
requirement, for assuring  the fluid coupling 1 of
strength, that the thrust per unit area  for
tightening up the coupling < thrust per unit area as
20 determined from the Vickers hardness of the gasket.
In view  of the safety factor, therefore, it is
desirable to obtain the  strength on condition that
the displacement should be up to  0.30 mm. Since the
displacement corresponds to the height P  of the
ridges 7 of the gasket, the displacement, if
determined, 25 determines the height P of the ridges
on the gasket 4.  



FIGS. 9 and 10 show the results obtained by conducting
experiments similar to that of FIG. 8, with the ridges
7 of  the gasket 4 given a taper angle a of 60 deg
(FIG. 9) or 120  deg (FIG. 10) . A compassion with
FIG. 8 shows that that a change 14 in the taper angle
a from 90 deg to 60 deg gives rise to a  need to
increase the thrust per unit area, i.e., the thrust
per unit area required for the sealing properties,
hence a need  to determine whether or not a design
alteration is to be made 5 at the same time to
increase the height of the ridges for giving  an
increased displacement. Further when the taper angle a
is changed from 90 deg to 120 deg, the thrust per unit
area,  i.e., the thrust per unit area required for the
sealing  properties, can be smaller than when the
taper angle a is 90 10 deg. It will then become
necessary to determine whether a  design alteration is
to be made at the same time to increase  the
displacement by reducing the height of the ridges.
Although the Vickers hardness HV is maintained at 100,
the  Vickers hardness can of course be altered;
gaskets 4 which are 15 further improved in both the
sealing properties and durability  can be designed by
varying the Vickers hardness, taper angle,  etc. by
virtue of the increased freedom of design. The
required Vickers hardness, for example, of HV 100,
can be obtained by fully subjecting the gasket 4 of
stainless  20 steel to a solid solution heat
treatment, and the gasket 4 so  treated is then
polished to a mirror finish. INDUSTRIAL APPLICABILITY
In a fluid coupling wherein a gasket interposed
between  25 coupling members is deformed to give
sealing properties, a  proper seal structure is
provided between the coupling members,  with attention
directed also to the shape of the gasket, whereby  the
fluid coupling is improved in both sealing properties
and  



durability. 15 CLAIMS  1. A fluid coupling comprising
a first and a second coupling member having respective
fluid channels  communicating with each other, a
gasket interposed between  5 abutting end faces of the
two coupling members and screw means for fastening the
two coupling members together, each of the  first and
second coupling members being provided in the end
face thereof with an annular recessed portion having a
flat  bottom face, the gasket being annular and
disposed within a 10 space defined by the recessed
portions of the two coupling  members, the gasket
having an annular ridge formed on each of  opposite
side surfaces thereof, the fluid coupling being
characterized in that the ridge of  the gasket has a
trapezoidal cross sectional shape defined by  15 an
outer tapered face providing an outer peripheral
surface, an inner tapered face providing an inner
peripheral surface  and a flat face providing a top
end surface. 2. A fluid coupling according to claim 1
wherein the  hardness of the gasket, the angle between
the tapered faces  20 of the ridge, the height of the
ridge and the area of the flat top end face of the
ridge are so determined that the value of  thrust for
tightening up the coupling is between a  predetermined
minimum value and a predetermined maximum value. 3. A
fluid coupling according to claim 2 wherein the angle
25 a between the outer tapered face of the annular
ridge of the  gasket and the inner tapered face
thereof is 50 to 130 deg. 4. A method of designing a
fluid coupling comprising a  first and a second
coupling member having respective fluid  channels
communicating with each other, a gasket interposed 16 



between abutting end faces of the two coupling members
and screw  means for fastening the two coupling
members together, each  of the first and second
coupling members being provided in the  end face
thereof with an annular recessed portion having a 5
flat bottom face, the gasket being annular and
disposed within  a space defined by the recessed
portions of the two coupling  members, the gasket
having an annular ridge formed on each of  opposite
side surfaces thereof, the fluid coupling designing
method being characterized in  10 that the ridge of
the gasket has a trapezoidal cross sectional  shape
defined by an outer tapered face providing an outer
peripheral surface, an inner tapered face providing an
inner  peripheral surface and a flat face providing a
top end surface,  the hardness of the gasket, the
angle between the tapered faces 15 of the ridge, the
height of the ridge and the area of the flat  top end
face of the ridge being so determined that the value
of thrust for tightening up the coupling is between a
predetermined minimum value and a predetermined
maximum value. 5. A method of designing a fluid
coupling according to  20 claim 4 characterized in
that the hardness of the gasket, the  angle between
the tapered faces of the ridge, the height of  the
ridge and the area of the flat top end face of the
ridge  are so determined as to satisfy the following
expression: surface pressure as determined from
minimum tightening-up  25 force X safety factor <
experimental value of thrust per unit  area for
tightening up the coupling <thrust per unit area  as
determined from the Vickers hardness of the gasket X
safety factor. 


