
COUPLING APPARATUS FOR PASSAGE BLOCKS  TECHNICAL FIELD
This invention relates to a coupling apparatus for
passage  blocks that is desirably used, for example,
upon coupling a  mass-flow controller used for a fluid
control apparatus with  a block-shaped joint member
that is made to abut against the  controller.
BACKGROUND ART A fluid control apparatus to be used
for a semiconductor  manufacturing device and the like
has a structure in which various  fluid control
devices are placed in a plurality of rows, with
passages of the fluid control devices on the adjacent
rows being  connected to each other at a predetermined
position by device  connecting means, and in recent
years, in the fluid control  apparatus of this kind,
an attempt has been made to provide an  integrated
structure in which a mass-flow controller, a switching
valve and the like are connected to one another
without using  tubes. In such a fluid control
apparatus, a passage block (an  upper-stage passage
block) is placed on each of the two sides  of a
mass-flow controller and this is coupled with a
block-shaped  joint member (a lower-stage passage
block) by two bolts from  above (for example, Patent
Document 1: Japanese Unexamined Patent  Publication
No. 8-326943). 1 In the above-mentioned fluid control
apparatus, a number  



of processes are required upon attaching the
upper-stage passage  block to the lower-stage passage
block; consequently, improving  the efficiency of the
bolt-fastening jobs, that is, in particular,
positioning between a bolt insertion hole of the
upper-stage  passage block and a screw hole of the
lower-stage passage block  and a reduction in the
number of bolts, becomes an important  subject. The
objective of the present invention is to provide a
coupling apparatus for passage blocks, which, upon
attaching  an upper-stage passage block to a
lower-stage passage block,  can easily carry out a
positioning process between a bolt  insertion hole of
the upper-stage passage block and a screw hole  of the
lower-stage passage block, and also reduce the number
of bolts. BRIEF DESCRIPTION OF THE DRAWINGS Figs. 1
(a) and 1 (b) show an embodiment of a passage block
coupling apparatus in accordance with a first aspect
of the  invention, Fig. 1(a) is a perspective view,
and Fig. 1(b) is  a front cross-sectional view, which
shows a first process of  coupling processes. Figs.
2(a) and 2(b) show the embodiment of the passage
block coupling apparatus in accordance with the first
aspect  of the invention, Fig. 2 (a) is a perspective
view, and Fig. 2 (b)  2 is a front cross-sectional
view, which shows an intermediate  



process of the coupling processes. Figs. 3(a) and 3(b)
show the embodiment of the passage  block coupling
apparatus in accordance with the first aspect  of the
invention, Fig. 3 (a) is a perspective view, and Fig.
3 (b)  is a front cross-sectional view, which shows a
finished state  of the coupling processes. Figs. 4 (a)
and 4 (b) show an embodiment of a passage block
coupling apparatus in accordance with a second aspect
of the  invention, Fig. 4(a) is a perspective view,
and Fig. 4(b) is  a front cross-sectional view, which
shows a first process of  coupling processes. Figs.
5(a) and 5(b) show the embodiment of the passage
block coupling apparatus in accordance with the second
aspect  of the invention, Fig. 5 (a) is a perspective
view, and Fig. 5 (b)  is a front cross-sectional view,
which shows an intermediate  process of the coupling
processes. Figs. 6(a) and 6(b) show the embodiment of
the passage  block coupling apparatus in accordance
with the second aspect  of the invention, Fig. 6 (a)
is a perspective view, and Fig. 6 (b)  is a front
cross-sectional view, which shows a finished state  of
the coupling processes. Fig. 7 is a graph that
compares the fastened state of the  passage block
coupling apparatus in accordance with the first  and
second aspects of the invention with that of a
conventional  3 



apparatus.  DISCLOSURE OF THE INVENTION A passage
block coupling apparatus in accordance with a  first
aspect of the invention, which couples an upper-stage
passage block having a downward opening and
alower-stage passage  block having an upward opening
with each other by using a bolt,  with the openings
being made to mutually abut against each other,  is
provided with a bolt insertion hole and a pin
insertion hole  formed in the upper-stage passage
block so as to sandwich the  opening, a screw hole and
a non-screw hole that are formed in  the lower-stage
passage block respectively in association with  the
bolt insertion hole and the pin insertion hole of the
upper-stage passage block, a bolt that is inserted
into the bolt  insertion hole of the upper-stage
passage block, and threaded  with the screw hole of
the lower-stage passage block, and a  positioning pin
that is inserted to the pin insertion hole of  the
upper-stage passage block, with its lower end portion
being  fitted to the non-screw hole of the lower-stage
passage block,  and in this structure, a cut-out
section is formed near the lower  end portion of the
positioning pin, with the diameter of the  non-screw
hole being made larger than the diameter of the lower
end portion of the positioning pin, and a protruding
portion  to be fitted to the cut-out section of the
positioning pin is  formed on the non-screw hole so
that the cut-out section of the  4 



positioning pin and the protruding portion of the
non-screw hole  are preliminarily fitted with each
other and the bolt is then  fastened, and at this
time, an evenly fastened state is achieved  with the
tightening force of the bolt and a pressing force
applied  by the lower end portion of the positioning
pin to the protruding  portion of the non-screw hole
upward, being well balanced with  each other, so that
the passage blocks are mutually coupled with  each
other. A passage block coupling apparatus in
accordance with a  second aspect of the invention,
which couples an upper-stage  passage block having a
downward opening and a lower-stage passage  block
having an upward opening with each other by using a
bolt,  with the openings being made to mutually abut
against each other,  is provided with a bolt insertion
hole and a pin insertion hole  formed in the
upper-stage passage block so as to sandwich the
opening, a screw hole that is formed in the
lower-stage passage  block in association with the
bolt insertion hole of the  upper-stage passage block,
a positioning pin that is provided  on the upper face
of the lower-stage passage block so as to protrude
upward, and is inserted to the pin insertion hole of
the  upper-stage passage block, with its upper end
portion protruding  above the upper face of the block,
a fastening auxiliary member  having a cut-out section
that is fitted to the upper end portion  of the
positioning pin and a bolt insertion hole
corresponding  to the bolt insertion hole of the
upper-stage passage block, 



5 which is superposed on the upper-stage passage
block, a  coming-off stopping portion, provided on the
upper end portion  of the positioning pin, which,
after the cut-out section of the  fastening auxiliary
member has been fitted to the upper end  portion of
the positioning pin, prevents the fastening auxiliary
member from moving upward, and a bolt that is inserted
into the  respective bolt insertion holes of the
fastening auxiliarymember  and the upper-stage passage
block, and threaded with the screw  hole of the
lower-stage passage block, and in this structure,  the
fastening auxiliary member is provided with a convex
arc-shaped bottom face that protrudes downward to the
lowest  level in the just center between the
positioning pin center axis  and the bolt center axis
so that, upon tightening the bolt, an  evenly fastened
state is achieved with the tightening force of  the
bolt and a pressing force applied downward by the
coming-off  stopping portion to the fastening
auxiliary member being well  balanced with each other,
so that the passage blocks are mutually  coupled with
each other. Here, in the present specification, the
passage block is  defined as a rectangular
parallelepiped block with a passage  having a
through-hole shape, and includes those used as joints,
and a block-shaped portion or a main body portion
integrally  formed in a fluid controller such as a
switching valve. In accordance with the coupling
apparatus for passage  



blocks of the first and second aspects of the
invention, since  6 a coupling process is carried out
by using a single bolt, the  number of bolts can be
reduced, and prior to tightening the bolt,  the
position of the upper-stage passage block relative to
the  lower-stage passage block is regulated by a
positioning pin;  therefore, it becomes possible to
easily carry out a bolt-engaging job to the screw
hole.  BEST MODE FOR CARRYING OUT THE INVENTION
Referring to Figures, the following description will
discuss embodiments of the invention. In the following
explanation, right and left refer to the right and
left sides  of each of the Figures (b) , and front
refers to the surface side  of the paper of each of
the Figures, and rear refers to the reversed  side
thereof. Figs. 1 to 3 show an embodiment of a passage
block coupling  apparatus of a first aspect of the
invention. The passage block coupling apparatus (1) in
accordance  with a first aspect of the invention,
which couples anupper-stage  passage block (3) having
a downward opening (3a) and a lower-stage  passage
block (4) having an upward opening (4a) , which are
provided, for example, on a mass-flow controller
(2),with each  other by using a bolt (11) , with the
openings (3a) and (4a) being  made to mutually abut
against each other with a seal member (5)  interposed
therebetween, is provided with a bolt insertion hole  



(13) and a pin insertion hole (14) formed in the
upper-stage  7 passage block (3) so as to sandwich the
opening (3a), a screw  hole (15) and a non-screw hole
(16) that are formed in the  lower-stage passage block
(4) respectively in association with  the bolt
insertion hole (13) and the pin insertion hole (14)
formed in the upper-stage passage block (3), a bolt
(11) that  is inserted into the bolt insertion hole
(13) of the upper-stage  passage block (3), and
threaded with the screw hole (15) of the  lower-stage
passage block (4), and a positioning pin (12) that  is
inserted to the pin insertion hole (14) of the
upper-stage  passage block (3), with its lower end
portion being fitted to  the non-screw hole (16) of
the lower-stage passage block (4). A cut-out section
(17) is formed near the lower end portion  of the
positioning pin (12), and a protruding portion (18) to
be fitted to the cut-out section (17) is formed on the
opening  portion of the non-screw hole (16) of the
lower-stage passage  block (4). The diameter of the
non-screw hole (16) of the lower-stage  passage block
(4) is made larger than the diameter of the lower  end
portion of the positioning pin (12), and the diameter
of  the opening portion of the non-screw hole (16) is
made slightly  smaller than the diameter of the
positioning pin (12) because  of the formation of the
protruding portion (18) . The protruding  portion (18)
is formed so as to extend rightward from the left  



side face of the non-screw hole (16) , and a portion
(4b) on the  left side from the non-screw hole (16) of
the lower-stage passage  8 block (4) is cut off so as
to form a slight concave portion in  comparison with
the other portions. Therefore, as shown in Fig.  2, in
a state where the upper-stage passage block (3) is
tilted  with respect to the lower-stage passage block
(4), the lower  portion of the positioning pin (12) is
fitted to the non-screw  hole (16) so that the cut-out
section (17) of the positioning  pin (12) and the
protruding portion (18) of the non-screw hole  (16)
can be preliminarily fitted with each other; thus, the
positioning of the upper-stage passage block (3) onto
the  lower-stage passage block (4) is carried out.
Next, as shown  in Fig. 3, in a state where the
upper-stage passage block (3)  is superposed on the
lower-stage passage block (4) , a force that  presses
the protruding portion (18) of the non-screw hole (16)
upward is exerted by the lower end portion of the
positioning  pin (12) Thereafter, the bolt (11) is
fastened, and at this  time, a tightening force (a
force exerted by the bolt (11) to  draw the
lower-stage passage block (4) upward) and a force
exerted  by the lower end portion of the positioning
pin (12) to press  the protruding portion (18) of the
non-screw hole (16) upward  are balanced with each
other, and consequently, an evenly  fastened state is
achieved so that the passage blocks (3) and  (4) are
coupled with each other. 



In accordance with the coupling apparatus (1) for
passage  blocks of the first aspect of the invention,
since a coupling  process is carried out by using a
single bolt (11), the number  9 of bolts can be
reduced, and prior to tightening the bolt, the
position of the upper-stage passage block (3) relative
to the  lower-stage passage block (4) is regulated by
a positioning pin  (12); therefore, an engaging job of
the bolt (11) to the screw  hole (15) can be easily
carried out. Figs. 4 to 6 show an embodiment of a
passage block coupling  apparatus of a second aspect
of the invention. The passage block coupling apparatus
(20) in accordance  with a second aspect of the
invention, which couples an  upper-stage passage block
(3) having a downward opening (3a)  and a lower-stage
passage block (4) having an upward opening  (4a) ,
which are formed, for example, on a mass-flow
controller  (2), with each other by using a bolt (21),
with the openings  (3a) and (4a) being made to
mutually abut against each other  with a seal member
(5) interposed therebetween, is provided with  a bolt
insertion hole (23) and a pin insertion hole (24)
formed  in the upper- stage passage block (3) so as to
sandwich the opening,  a screw hole (25) that is
formed in the lower-stage passage block  (4) in
association with the bolt insertion hole (23) of the
upper-stage passage block (3), a positioning pin (22)
that is  formed on the upper face of the lower-stage
passage block (4)  



so as to protrude upward, and is inserted to the pin
insertion  hole (24) of the upper-stage passage block
(3), with its upper  end portion protruding above the
upper face of the block (3),  a fastening auxiliary
member (30) having a cut-out section (31) 10 that is
fitted to the upper end portion of the positioning pin
(22) and a bolt insertion hole (32) corresponding to
the bolt  insertion hole (23) of the upper-stage
passage block (3) , which  is superposed on the
upper-stage passage block (3), a coming-off  stopping
portion (27), formed on the upper end portion of the
positioning pin (22), which, after the cut-out section
(31) of  the fastening auxiliary member (30) has been
fitted to the upper  end portion of the positioning
pin (22), prevents the fastening  auxiliary member
(30) from moving upward, and a bolt (21) that  is
inserted into the respective bolt insertion holes (32)
(23)  of the fastening auxiliary member (30) and the
upper-stage  passage block (3) , and threaded with the
screw hole (25) of the  lower-stage passage block (4).
The positioning pin (22) has a male screw portion on
its  lower end portion, and is threaded with the screw
hole (26) formed  in the lower-stage block (4) . Since
its portion near the upper  end is made to have a
small diameter (22a) , the upper end portion  is
formed into a coming-off stopping portion (27). The
fastening auxiliary member (30) is provided with a
convex arc-shaped bottom face (33) that protrudes
downward to  



the lowest level in the just center between the
positioning pin  (22) center axis and the bolt (21)
center axis. In the coupling apparatus (20) for
passage blocks in  accordance with the second
invention, first, as shown in Fig.  4, after the
positioning pin (22) has been secured onto the  11
lower-stage block (4) , the positioning pin (22) is
inserted into  the pin insertion hole (24) of the
upper-stage block (3), and  the upper-stage passage
block (3) is superposed on the lower-stage passage
block (4). Thus, the position of the  upper-stage
passage block (3) relative to thelower-stagepassage
block (4) is regulated by the positioning pin (22) .
Next, as  shown in Fig. 5, the fastening
auxiliarymember (30) is superposed  on the upper-stage
passage block (3), by fitting its cut-out  section
(31) to the small diameter portion (22a) of the
positioning pin (22) Then, the bolt (21) is inserted
into the  respective bolt insertion holes (32)(23) of
the fastening  auxiliary member (30) and the
upper-stage passage block (3),  and threaded with the
screw hole (25) of the lower-stage passage  block (4)
. In this manner, by tightening the bolt (21), a
tightening force of the bolt (21) (a force applied by
the bolt  (21) so as to press the fastening
auxiliarymember (30) downward)  and a force applied by
the coming-off stopping portion (27) so  as to press
the fastening auxiliary member (30) downward are
balanced with each other so that an evenly fastened
state is  



achieved so that the passage blocks (3) and (4) are
coupled with  each other. In accordance with the
coupling apparatus (20)for passage  blocks of the
second aspect of the invention, since a coupling
process is carried out by using a single bolt (21),
the number  of bolts can be reduced, and prior to
tightening the bolt (21) ,  12 the position of the
upper-stage passage block (3) relative to  the
lower-stage passage block (4) is regulated by a
positioning  pin (22); therefore, an engaging job of
the bolt (21) to the  screw hole can be easily carried
out. Fig. 7 is a graph that compares the fastened
state of the  passage block coupling apparatus of each
of the first and second  aspects of the invention with
that of a conventional apparatus.  This graph shows
the relationship between the bolt tightening  torque
(Nm) and the thrust (N), and the results indicate that
the invented products (coupling apparatuses for
passage blocks  in accordance with the first and
second aspects of the invention)  have the same
performance as that of the conventional product
(which uses two bolts) in terms of data, and make it
possible  to cut the number of bolts to half, with the
same tightening  force being maintained. Here, the
lower-stage passage block (4) is coupled with  the
main body (corresponding to the upper-stage passage
block)  of a fluid control apparatus (for example, an
open/close valve,  



a filter, or the like) adjacent to a mass-flow
controller (2)  by the same coupling apparatus as
described above or a normal  coupling apparatus using
two bolts so that the mass-flow  controller (2) and
another fluid control apparatus are allowed  to
communicate with each other through the lower-stage
passage  block (4) The present embodiments have only
exemplified a  structure in which the upper-stage
passage block (3) placed on 13 the mass-flow
controller (2) is coupled with the lower-stage
passage block (4) serving as a joint member so as to
allow this  to communicate with another fluid control
apparatus; however,  not limited to this structure,
the coupling apparatus of the  invention may be
applicable to a coupling process between other  fluid
control apparatuses as well as between other fluid
control  apparatus and joining member. INDUSTRIAL
APPLICABILITY In accordance with the coupling
apparatus for passage  blocks of the present
invention, when it is applied to a fluid  control
apparatus that requires a number of processes upon
attaching an upper-stage passage block to a
lower-stage passage  block, the bolt fastening
operation can be more effectively  carried out, and,
inparticular, the positioning process between  the
bolt insertion hole of the upper-stage passage block
and  the screw hole of the lower-stage passage block
is available  and the number of bolts can be reduced
so that it becomes possible  



to improve the assembling property of a fluid control
apparatus  to be used for a semiconductor
manufacturing device and the like.  14 CLAIMS  1. A
passage block coupling apparatus, which couples an
upper-stage passage block having a downward opening
and a  lower-stage passage block having an upward
opening with each  other by using a bolt, with the
openings being made to mutually  abut against each
other, comprising: a bolt insertion hole and  a pin
insertion hole formed in the upper-stage passage block
so as to sandwich the opening; a screw hole and a
non-screw hole  that are formed in the lower-stage
passage block respectively  in.association with the
bolt insertion hole and the pin insertion  hole of the
upper-stage passage block; a bolt that is inserted
into the bolt insertion hole of the upper-stage
passage block,  and threadedwith the screw hole of the
lower-stage passage block;  and a positioning pin that
is inserted to the pin insertion hole  of the
upper-stage passage block, with the lower end portion
thereof being fitted to the non-screw hole of 'the
lower-stage  passage block, wherein a cut-out section
is formed near the lower  end portion of the
positioning pin, with the diameter of the  non-screw
hole being made larger than the diameter of the lower
end portion of the positioning pin, and a protruding
portion  to be fitted to the cut-out section of the
positioning pin is  formed on the non-screw hole so
that the cut-out section of the  



positioning pin and the protruding portion of the
non-screw hole  are preliminarily fitted with each
other and the bolt is then  15 fastened, and at this
time, an evenly fastened state is achieved  with the
tightening force of the bolt and a pressing force,
applied  by the lower end portion of the positioning
pin to the protruding  portion of the non-screw hole
upward, being well balanced with  each other, so that
the passage blocks are mutually coupled with  each
other. 2. A passage block coupling apparatus, which
couples an  upper-stage passage block having a
downward opening and a  lower-stage passage block
having an upward opening with each  other by using a
bolt, with the openings being made to mutually  abut
against each other, comprising: a bolt insertion hole
and  a pin insertion hole formed in the upper-stage
passage block  so as to sandwich the opening; a screw
hole that is formed in  the lower-stage passage block
in association with the bolt  insertion hole of the
upper-stage passage block; a positioning  pin that is
provided on the upper face of the lower-stage passage
block so as to protrude upward, and is inserted to the
pin insertion  hole of the upper-stage passage block,
with the upper end portion  thereof protruding above
the upper face of the upper-stage  passage block; a
fastening auxiliary member having a cut-out  section
that is fitted to the upper end portion of the
positioning  pin and a bolt insertion hole
corresponding to the bolt insertion  



hole of the upper-stage passage block, which is
superposed on  the upper-stage passage block; a
coming-off stopping portion,  16 formed on the upper
end portion of the positioning pin, which,  after the
cut-out section of the fastening auxiliary member has
been fitted to the upper end portion of the
positioning pin,  prevents the fastening auxiliary
member from moving upward; and  a bolt that is
inserted into the respective bolt insertion holes  of
the fastening auxiliary member and the upper-stage
passage  block, and threaded with the screw hole of
the lower-stage passage  block, wherein the fastening
auxiliary member is provided with  a convex arc-shaped
bottom face that protrudes downward to the  lowest
level in the just center between the positioning pin
center  axis and the bolt center axis so that, upon
tightening the bolt,  an evenly fastened state is
achieved, with the tightening force  of the bolt and a
pressing force applied downwardby the coming-off
stopping portion to the fastening auxiliary member
being well  balanced with each other, so that the
passage blocks are mutually  coupled with each other.
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