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FEMALE COUPLING MEMBER SUITABLE
FOR HANDLING HIGH-PRESSURE FLUID
AND PIPE COUPLING HAVING FEMALE
COUPLING MEMBER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to pipe couplings.
More particularly, the present invention relates to a female
coupling member suitable for handling high-pressure fluid,
e.g. hydrogen gas, and also relates to a pipe coupling having
the female coupling member.

[0003] 2. Description of Related Art

[0004] Vehicles equipped with a fuel cell using hydrogen
gas as a power source have been put to practical use. Such fuel
cell vehicles need to be supplied with hydrogen gas at a
hydrogen gas supply station similar to a gasoline filling sta-
tion for general gasoline engine vehicles. In this case, a
female coupling member attached to the outlet of a hose for
discharging and supplying hydrogen gas from a hydrogen gas
storage tank at the hydrogen gas supply station is connected to
a male coupling member attached to the inlet of a hydrogen
gas storage tank in the vehicle, thereby supplying hydrogen
gas to the vehicle.

[0005] Hydrogen gas supplied from the hydrogen gas stor-
age tank to the vehicle is generally at a pressure of the order
ot 70 MPa. Therefore, all possible measures need to be taken
to prevent the occurrence of an accident such as leakage of
hydrogen from the pipe coupling comprising the male and
female coupling members. US2011/0037254A1 and U.S.
Pat. No. 8,186,649B2 disclose a female coupling member
that is allowed to connect with a male coupling member only
when the female coupling member is not in fluid communi-
cation with a hydrogen gas source, and that is allowed to pass
high-pressure hydrogen gas only when the male coupling
member is completely connected to the female coupling
member. Further, the female coupling member is configured
to prevent accidental disconnection of the male coupling
member from the female coupling member by the operator
when hydrogen gas is being supplied with the associated
valve member placed in an open position.

SUMMARY OF THE INVENTION

[0006] With the above-described female coupling member,
however, the operator cannot know from the appearance of
the pipe coupling whether or not hydrogen gas is being sup-
plied.

[0007] The present invention has been made in view of the
above-described circumstances, and it is an object of the
present invention to provide a female coupling member
allowing the user to handle a high-pressure fluid even more
safely. Another object of the present invention is to provide a
pipe coupling having the female coupling member of the
present invention.

[0008] A female coupling member according to an embodi-
ment of the present invention includes a tubular housing, a
valve member, and a valve open-closed state indicating mem-
ber. The housing has one end to which a male coupling
member is connectable, and an other end connectable to a
fluid supply pipe extending from a fluid source. The housing
has a fluid passage communicating between the male cou-
pling member connected to the one end and the fluid supply
pipe connected to the other end. The valve member is dis-
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placeable between an open position where the valve member
opens the fluid passage and a closed position where the valve
member closes the fluid passage. The valve open-closed state
indicating member has a valve open state indicating part and
a valve closed state indicating part. The valve open-closed
state indicating member is provided in the housing and dis-
placed in response to the displacement of the valve member
such that, when the valve member is in the open position, the
valve open state indicating part is visible from the outside of
the housing, whereas, when the valve member is in the closed
position, the valve closed state indicating part is visible from
the outside of the housing.

[0009] Specifically, the housing may have a first window.
The valve open-closed state indicating member may be dis-
placed such that, when the valve member is in the open
position, the valve open state indicating part is radially
aligned with the first window, thereby allowing the valve open
state indicating part to be visible from the outside through the
first window, whereas, when the valve member is in the closed
position, the valve closed state indicating part is radially
aligned with the first window, thereby allowing the valve
closed state indicating part to be visible from the outside
through the first window.

[0010] The female coupling member may further include a
first locking member, a retaining member, and a holding
member. The first locking member is attached to the housing.
The first locking member is displaceable between a locking
position where the first locking member engages the male
coupling member inserted into the housing from the one end
thereof to connect the male coupling member to the female
coupling member and an unlocking position where the first
locking member is disengaged from the male coupling mem-
ber to cancel connection of the male coupling member to the
female coupling member. The retaining member is displace-
able between a retaining position where the retaining member
retains the first locking member in the unlocking position and
adisplacement allowing position where the retaining member
allows the first locking member to be displaced to the locking
position by the male coupling member inserted into the hous-
ing. The holding member is attached to the housing. The
holding member is displaceable between a standby position
where the holding member allows the first locking member to
assume the unlocking position and a holding position where
the holding member holds the first locking member in the
locking position. The holding member is configured to cover
the first window from the outside when the holding member is
in the standby position, thereby making the first window
invisible from the outside of the housing.

[0011] Inthis case, the holding member may have an outer
member displaceable over the outer peripheral surface of the
housing and an inner member provided inside the housing and
integrally connected to the outer member. The holding mem-
ber may be configured such that, when the holding member is
in the holding position, the outer member covers the first
window from the outside, and the inner member engages the
first locking member to hold the first locking member in the
locking position. The outer member and the inner member
may be tubular members.

[0012] The housing may have on the outer peripheral sur-
face thereof a coupled state indicating part and an uncoupled
state indicating part which are spaced from each other in the
longitudinal direction of the housing. The outer member of
the holding member may have a second window configured
such that, when the holding member is in the standby posi-
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tion, the second window aligns with the uncoupled state indi-
cating part in the radial direction of the housing, thereby
allowing the uncoupled state indicating part to be visible from
the outside of the female coupling member through the sec-
ond window, whereas, when the holding member is in the
holding position, the second window aligns with the coupled
state indicating part in the radial direction of the housing,
thereby allowing the coupled state indicating part to be visible
from the outside through the second window.

[0013] The valve member may have a movable valve seat
member and a valve element which are provided in the fluid
passage so as to be displaceable in the longitudinal direction
of the fluid passage. The valve member may be configured
such that the valve element closes the fluid passage by engag-
ing a valve seat portion of the movable valve seat member,
and that the valve element is disengaged from the valve seat
portion to open the fluid passage by displacement of the
movable valve seat member relative to the valve element. The
valve open-closed state indicating member may be config-
ured to be displaced in response to the displacement of the
movable valve seat member in the longitudinal direction.
[0014] The female coupling member may further include
an arresting member provided at a position closer to the one
end of the housing than the valve member in alignment with
the valve member in the longitudinal direction of the fluid
passage. The arresting member is displaceable in the longi-
tudinal direction of the fluid passage. The arresting member is
configured to be displaced toward the valve member to reach
an arresting position by the male coupling member inserted
into and connected to the female coupling member. The mov-
able valve seat member and the valve element may be con-
figured to be displaced toward the one end of the housing by
the fluid pressure of a pressurized fluid supplied through the
fluid supply pipe connected to the other end of the housing, so
that the arresting member, which is in the arresting position at
this time, engages the valve element to stop displacement of
the valve element, while allowing the movable valve seat
member to be displaced relative to the valve element that has
stopped, thereby opening the fluid passage.

[0015] The female coupling member may further include a
second locking member provided between the valve member
and the holding member. The second locking member is
configured such that, when a pressurized fluid is supplied
from the fluid supply pipe in a state where the holding mem-
ber is in the standby position, the second locking member is
pressed and displaced by the valve member displaced toward
the open position by the pressurized fluid, but the second
locking member is stopped from being displaced by engaging
the holding member before the valve member reaches the
open position, thereby blocking the valve member from
reaching the open position and also blocking the holding
member from being displaced to the holding position,
whereas, when the pressurized fluid is supplied from the fluid
supply pipe in a state where the holding member is in the
holding position, the second locking member does not engage
the holding member, thereby allowing the valve member to be
displaced to the open position.

[0016] The female coupling member may further include a
transmission-reception terminal for transmitting and receiv-
ing infrared rays provided at an end surface at the one end of
the housing, and a signal line extending from the transmis-
sion-reception terminal to the other end of the housing.
[0017] In addition, the present invention provides a pipe
coupling including the above-described female coupling
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member, and a male coupling member connected to the
female coupling member by being inserted from the one end
of the female coupling member.

[0018] Embodiments of a pipe coupling suitable for han-
dling a high-pressure fluid even more safely according to the
present invention will be explained below based on the
accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1 is a longitudinal sectional view of a female
coupling member according to an embodiment of the present
invention, showing a state where a male coupling member is
not connected to the female coupling member, and where the
female coupling member is in fluid communication with a
high-pressure fluid source (not shown) and hence subjected to
high fluid pressure.

[0020] FIG. 2 is a longitudinal sectional view similar to
FIG. 1, showing the female coupling member when a male
coupling member has begun to be inserted into the female
coupling member in a state where the female coupling mem-
ber is out of fluid communication with the high-pressure fluid
source.

[0021] FIG. 3 is a longitudinal sectional view of the female
coupling member when connection with the male coupling
member has been completed by further inserting the male
coupling member from the position shown in FIG. 2.

[0022] FIG. 4 is a longitudinal sectional view of the female
coupling member when brought into fluid communication
with the high-pressure fluid source after the completion of
connection with the male coupling member.

[0023] FIG. 5 is a fragmentary enlarged view showing a
valve open-closed state indicating member and a first window
when the female coupling member is in the position shown in
FIG. 3.

[0024] FIG. 6 is a fragmentary enlarged view showing the
valve open-closed state indicating member and the first win-
dow when the female coupling member is in the position
shown in FIG. 4.

[0025] FIG. 7 is a longitudinal sectional view of a female
coupling member according to a modification of the embodi-
ment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

[0026] A pipe coupling 10 according to an embodiment of
the present invention comprises a male coupling member 12
and a female coupling member 14 as shown in FIGS. 2 to 4.
[0027] The female coupling member 14 has, as shown in
FIGS. 110 4, atubular housing 16 having an end (right end in
FIG. 1) adapted to receive and connect with the male coupling
member 12 and the other end (left end in FIG. 1) adapted to be
connected to a fluid supply pipe extending from a high-pres-
sure fluid source (not shown) at a hydrogen gas supply station
or the like. The housing 16 comprises a multiplicity of com-
ponents 16-1 to 16-8 combined together by thread connection
or the like and has a fluid passage 14-1 formed therein to
extend along a center axis L.

[0028] A collet chuck type first locking member 18 is pro-
vided near the right end of the housing 16. The first locking
member 18 is pivotably supported by a tubular fulcrum mem-
ber 20 provided inside the first locking member 18. That is,
the first locking member 18 is pivotable about the fulcrum
member 20 to move between a locking position (FIGS. 3 and
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4) where the first locking member 18 engages the male cou-
pling member 12 inserted into the housing 16 from the right
end thereof to connect the male coupling member 12 to the
female coupling member 14 and an unlocking position
(FIGS. 1 and 2) where the first locking member 18 is disen-
gaged from the male coupling member 12 to cancel the con-
nection between the female coupling member 14 and the male
coupling member 12.

[0029] The housing 16 has a tubular retaining member 22
inside the first locking member 18 and the fulcrum member
20. The retaining member 22 is displaceable between a retain-
ing position (FIGS. 1 and 2) where the retaining member 22
retains the first locking member 18 in the unlocking position
and a displacement allowing position (FIGS. 3 and 4) where
the retaining member 22 is pushed in by the male coupling
member 12 inserted into the housing 16, thereby allowing the
first locking member 18 to be displaced to the locking posi-
tion. The retaining member 22 is urged toward the retaining
position from the displacement allowing position by a first
coil spring S1, while being prevented from coming out of the
housing 16 by engagement of the outer peripheral surface of
the retaining member 22 with the fulcrum member 20.
[0030] The housing 16 is provided therein with a valve
member 24. The valve member 24 is displaceable between
three positions: a closed position (FIG. 1) assumed when the
male coupling member 12 is not connected to the female
coupling member 14 and high-pressure fluid is being applied
to the valve member 24; another closed position (FIGS. 2 and
3) assumed when the high-pressure fluid is not applied to the
valve member 24 in order for the male coupling member 12 to
be inserted into and connected to the female coupling mem-
ber 14; and an open position (FIG. 4) assumed when the
high-pressure fluid is applied to the valve member 24 after the
male coupling member 12 has been connected to the female
coupling member 14.

[0031] Specifically, the valve member 24 comprises a valve
element 26 and a movable valve seat member 28 which are
displaceable in the direction of the center axis L of the hous-
ing 16. The valve element 26 has a valve head portion 26-1, a
tubular portion 26-2, and a flow path 26-3 obliquely extend-
ing through a part of the valve element 26 between the tubular
portion 26-2 and the valve head portion 26-1 from the inner
bore of the tubular portion 26-2. The valve element 26 is
urged rightward (as seen in the figures) by a second coil spring
S2. The movable valve seat member 28 has a through-bore
28-1 aligned with the fluid passage 14-1 of the housing 16 in
the direction of the center axis L. The through-bore 28-1 has
the valve element 26 slidably received therein. The movable
valve seat member 28 is urged leftward (as seen in the figures)
by atubular connecting member 30 engaged with the movable
valve seat member 28 and urged leftward by a third coil spring
S3. The third coil spring S3 is greater in spring force than the
second coil spring S2. When no high-pressure fluid is sup-
plied into the fluid passage 14-1, the third coil spring S3
causes the movable valve seat member 28 to be displaced,
together with the valve element 26, to a leftward position
shown in FIGS. 2 and 3, so that the valve head portion 26-1 of
the valve element 26 sealingly engages a valve seat portion
28-2 of the movable valve seat member 28 to close the fluid
passage.

[0032] The connecting member 30 has a tubular valve
open-closed state indicating member 32 engaged with an end
of'the connecting member 30 opposite to the end of the same
engaged with the movable valve seat member 28. The valve
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open-closed state indicating member 32 extends stepwise
radially outward and is configured to be displaced in the
direction of the center axis L in accordance with the displace-
ment of the movable valve seat member 28. As shown in
FIGS. 5 and 6, the valve open-closed state indicating member
32 is formed with a valve open state indicating part 34 and a
valve closed state indicating part 36. The housing 16 is pro-
vided with a first window 38 for allowing the user to view the
two indicating parts from the outside of the female coupling
member 14. As will be described later, when the male cou-
pling member 12 is connected to the female coupling member
14, as shown in FIGS. 3 and 4, the first window 38 is exposed
to the outside of the female coupling member 14. When the
movable valve seat member 28 is in the open position of the
valve member 24, as shown in FIG. 4, the valve open state
indicating part 34 is visible from the outside of the female
coupling member 14 through the first window 38. When the
movable valve seat member 28 is in the closed position of the
valve member 24, as shown in FIG. 3, the valve closed state
indicating part 36 is visible from the outside of the female
coupling member 14 through the first window 38. It should be
noted that, in this embodiment, the valve open state indicating
part 34 is painted red, while the valve closed state indicating
part 36 is painted blue, thereby allowing the user to visually
recognize whether the valve member 24 is open or closed at a
glance.

[0033] Between the right end of the housing 16 and the
valve element 26 is provided an elongated tubular arresting
member 40 extending along the center axis [. and spring-
urged rightward. The arresting member 40 is pushed in by the
male coupling member 12 inserted into the female coupling
member 14. The arresting member 40 has a bore 40-1 extend-
ing along the center axis L and branching out near the left end
thereof'to open on the side surface of the arresting member 40.
The bore 40-1 constitutes a part of the fluid passage 14-1.

[0034] The housing 16 is further provided with a tubular
holding member 42. The holding member 42 comprises an
outer tubular member 44 slidable over the outer peripheral
surface of the housing 16 and an inner tubular member 46
provided inside the housing 16 and integrally connected to the
outer tubular member 44 by a screw 45. The holding member
42 is displaceable between a standby position (FIGS. 1 and 2)
where the holding member 42 allows the first locking member
18 to assume the unlocking position and a holding position
(FIGS. 3 and 4) where the holding member 42 holds the first
locking member 18 in the locking position. The holding
member 42 is urged toward the holding position from the
standby position by a fourth coil spring S4 as an urging
member. When the first locking member 18 is in the unlock-
ing position, the holding member 42 is held in the standby
position by the first locking member 18. When the first lock-
ing member 18 is in the locking position, the holding member
42 is displaced to the holding position by the fourth coil
spring S4.

[0035] The outer tubular member 44 of the holding member
42 is provided with a second window 52. When the holding
member 42 is in the standby position (FIGS. 1 and 2), the
second window 52 radially aligns with an uncoupled state
indicating part 48 formed on the outer surface of the housing
16. When the holding member 42 is in the holding position
(FIGS. 3 and 4), the second window 52 radially aligns with a
coupled state indicating part 50 formed on the outer surface of
the housing 16. Thus, the user can view these indicating parts
from the outside of the female coupling member 14. It should
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be noted that, in this embodiment, the uncoupled state indi-
cating part 48 is marked with the letters “OPEN”, and the
coupled state indicating part 50 is marked with the letters
“SHUT”, thereby allowing the user to recognize whether or
not the male coupling member 12 and the female coupling
member 14 are connected to each other at a glance.

[0036] Three or four circumferentially spaced and radially
displaceable second locking members 54 are provided
between the movable valve seat member 28 and a stationary
tubular member 53 constituting the housing 16. The second
locking members 54 each have a cross-section as shown in the
figures and have a left inclined surface 54-1 slidably engage-
able with a conic surface 28-3 of the movable valve seat
member 28 and a right side surface 54-2 slidably engageable
with the stationary tubular member 53 and extending perpen-
dicularly to the center axis L.

[0037] Appropriate seal means is provided in gaps extend-
ing between the fluid passage 14-1 and the outside of the
female coupling member 14 to prevent the fluid from flowing
out from the fluid passage.

[0038] AsshowninFIG. 2, the male coupling member 12 is
configured, as has been stated above, such that, by being
inserted into the female coupling member 14, the male cou-
pling member 12 pushes in the retaining member 22 to the
displacement allowing position (FIGS. 3 and 4) and, at the
same time, pushes in the arresting member 40. The male
coupling member 12 has an annular recess 56 formed on the
outer peripheral surface thereof. The annular recess 56 is
engageable with the first locking member 18.

[0039] Inthe above, we have generally explained the struc-
tures of the female coupling member 14 and the male cou-
pling member 12. In the following, we will explain in detail
the movements of the components of the pipe coupling asso-
ciated with the supply of high-pressure fluid and with the
connection between the male coupling member 12 and the
female coupling member 14.

[0040] As shown in FIG. 1, when the female coupling
member 14 is being supplied with high-pressure fluid from
the fluid source in a state where the male coupling member 12
is not connected to the female coupling member 14, the valve
element 26 and the movable valve seat member 28 are dis-
placed rightward as seen in the figure by the fluid pressure of
the high-pressure fluid against the spring forces of the third
and fourth coil springs S3 and S4. Accordingly, the second
locking members 54 between the movable valve seat member
28 and the stationary tubular member 53 are displaced radi-
ally outward but stopped from being displaced by engage-
ment with a recess 58 formed on the inner tubular member 46
of the holding member 42. Consequently, the rightward dis-
placement of the movable valve seat member 28 is stopped,
and the valve head portion 26-1 of the valve element 26 is
sealingly engaged with the valve seat portion 28-2 of the
movable valve seat member 28 by the spring force of the third
coil spring S3, and thus the fluid passage 14-1 is kept closed.
When the male coupling member 12 is inserted into the
female coupling member 14 in this state, the retaining mem-
ber 22 is pushed in to the displacement allowing position, but
the holding member 42 is not displaced to the holding posi-
tion but held in the standby position because the second
locking members 54 are in engagement with the recess 58
formed on the inner tubular member 46 of the holding mem-
ber 42. Accordingly, when the high-pressure fluid is being
supplied to the female coupling member 14, the male cou-
pling member 12 and the female coupling member 14 will
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never be locked to each other by the first locking member 18.
In addition, even when the male coupling member 12 is
inserted into the female coupling member 14 to push in the
arresting member 40, the arresting member 40 will not be
pushed in to such an extent that the left end of the arresting
member 40 engages the valve element 26, because a step 40-2
formed on the arresting member 40 engages the stationary
tubular member 53. Accordingly, the fluid passage 14-1 can-
not be opened.

[0041] Asshown in FIGS. 1 and 2, when the male coupling
member 12 is not connected to the female coupling member
14 by the first locking member 18, the holding member 42 is
in the standby position, and a rear end portion 60 of the outer
tubular member 44 covers the first window 38 to disable the
user from viewing the valve open-closed state indicating
member 32 from the outside. At this time, the second window
52 radially aligns with the uncoupled state indicating part 48
to enable the user to view the uncoupled state indicating part
48. That is, the user can confirm that the male coupling
member 12 and the female coupling member 14 are not con-
nected to each other by viewing the uncoupled state indicat-
ing part 48 through the second window 52.

[0042] When the male coupling member 12 is to be con-
nected to the female coupling member 14, the supply of
high-pressure fluid to the female coupling member 14 is cut
off to stop the application of high fluid pressure to the valve
member 24. This state is shown in FIG. 2. That is, because the
valve member 24 is not subjected to such high fluid pressure
as in FIG. 1, the valve member 24 is displaced leftward of the
position shown in FIG. 1 by the actions of the third and fourth
coil springs S3 and S4. Consequently, the upper second lock-
ing members 54 are displaced radially inward by gravity to
disengage from the recess 58 of the holding member 42, as
shown in FIG. 2. In this state, the male coupling member 12
is inserted to the position shown in FIG. 3. Consequently, the
retaining member 22 is pushed in to the displacement allow-
ing position, and in association with this, the holding member
42 is displaced by the fourth coil spring S4 from the standby
position shown in FIG. 2 to the holding position shown in
FIG. 3, so that the first locking member 18 is placed in the
locking position to engage the annular recess 56 of the male
coupling member 12. At this time, the lower second locking
members 54, which have been engaged with the recess 58, are
pushed out of the recess 58 radially outward by the left
inclined side surface of the recess 58. Accordingly, the second
locking members 54 do not constitute an obstacle to the
rightward displacement of the holding member 42. The
arresting member 40 is also pushed in by the male coupling
member 12 and thus displaced leftward in the direction of the
center axis L.

[0043] As the holding member 42 is displaced, the first
window 38, which was covered with the rear end portion 60 of
the holding member 42, is exposed, thereby allowing the user
to view the valve closed state indicating part 36 (FIGS. 5 and
6) through the first window 38. In addition, it becomes pos-
sible for the user to view the coupled state indicating part 50
through the second window 52. At this time, the uncoupled
state indicating part 48 is covered with the rear end portion 60
and therefore invisible to the user.

[0044] The above completes the process of connecting
together the male coupling member 12 and the female cou-
pling member 14. At this time, the user can view the coupled
state indicating part 50 through the second window 52 and
therefore can confirm that the male coupling member 12 and
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the female coupling member 14 are connected to each other.
Further, the user can view the valve closed state indicating
part 36 through the first window 38 and therefore can confirm
that the fluid passage is closed.

[0045] When the supply of high-pressure fluid from the
high-pressure fluid source to the female coupling member 14
is started after the completion of connection between the male
coupling member 12 and the female coupling member 14, the
valve member 24 is displaced rightward by the high fluid
pressure applied thereto, but the valve element 26 is arrested
from being displaced rightward by engagement with the left
end of the arresting member 40. In this state, the movable
valve seat member 28 is further displaced rightward, which
causes the valve head portion 26-1 of the valve element 26 to
separate from the valve seat portion 28-2 ofthe movable valve
seat member 28, thereby allowing the high-pressure fluid to
flow into a fluid passage 12-1 in the male coupling member 12
through the fluid passage 14-1.

[0046] Thus, the valve member 24 is displaced rightward
by the fluid pressure, and the second locking members 54,
which are in engagement with the movable valve seat member
28, are displaced from the first position shown in FIG. 3 to the
second position shown in FIG. 4 to block displacement of the
holding member 42 from the holding position to the standby
position. The displacement of the movable valve seat member
28 causes the valve open-closed state indicating member 32
to be displaced rightward through the connecting member 30,
thereby allowing the user to view the valve open state indi-
cating part 34 through the first window 38. In addition, when
the high-pressure fluid is being supplied to the female cou-
pling member 14, the male coupling member 12 and the
female coupling member 14 cannot be disconnected from
each other because the holding member 42 is blocked from
being displaced to the standby position by the second locking
members 54, as has been stated above.

[0047] FIG. 7 shows a modification in which the above-
described female coupling member 14 is equipped with a
transmission-reception terminal 64 for infrared communica-
tion. More specifically, the female coupling member 14 has a
terminal 64 for transmitting and receiving infrared rays bur-
ied in an end surface thereof on the side to which the male
coupling member 12 is to be connected, and a signal line 66 is
provided to extend from the terminal 64 toward the high-
pressure fluid source through the housing 16. A similar trans-
mission-reception terminal (not shown) is attached to the end
surface of the male coupling member to exchange informa-
tion between the female coupling member and the male cou-
pling member, thereby making it possible to add required
functions based on the exchanged information. For example,
the arrangement may be as follows. When a female coupling
member at a hydrogen gas supply station is connected to a
male coupling member of a fuel cell vehicle to supply hydro-
gen into a hydrogen tank of the fuel cell vehicle, the female
coupling member-side terminal receives information about
the amount of hydrogen stored in the hydrogen tank to stop
the supply of hydrogen when the amount of hydrogen sup-
plied reaches a predetermined level. It is also possible to stop
the supply of hydrogen when the female coupling member-
side terminal receives information about a problem on the
hydrogen tank side.

[0048] Although some embodiments of the present inven-
tion have been described above, the present invention is not
limited to the foregoing embodiments. For example, although
the valve open state indicating part 34 and the valve closed
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state indicating part 36 are painted red and blue, respectively,
s0 as to be distinguished from each other, various methods
may be used to make a distinction therebetween. For
example, letters may be used in place of colors for distinction.
Further, although the uncoupled state indicating part 48 and
the coupled state indicating part 50 are distinguished from
each other by being marked with “OPEN” and “SHUT”,
respectively, various methods may be used to make a distinc-
tion therebetween. For example, colors may be used in place
of letters for distinction. The first window 38 and the second
window 52 may be covered with a transparent member
formed of an acrylic resin material or the like. Alternatively,
the first and second windows 38 and 52 may be merely open-
ings.

1. A female coupling member comprising:

a tubular housing having one end to which a male coupling
member is connectable, and another end connectable to
a fluid supply pipe extending from a fluid source, the
housing having a fluid passage communicating between
the male coupling member connected to the one end and
the fluid supply pipe connected to the other end;

a valve member displaceable between an open position
where the valve member opens the fluid passage and a
closed position where the valve member closes the fluid
passage; and

avalve open-closed state indicating member having a valve
open state indicating part and a valve closed state indi-
cating part, the valve open-closed state indicating mem-
ber being provided in the housing and displaced in
response to displacement of the valve member such that,
when the valve member is in the open position, the valve
open state indicating part is visible from an outside of the
housing, whereas, when the valve member is in the
closed position, the valve closed state indicating part is
visible from the outside of the housing.

2. The female coupling member of claim 1, wherein the

housing has a first window;

the valve open-closed state indicating member being dis-
placed such that, when the valve member is in the open
position, the valve open state indicating part aligns with
the first window in a radial direction of the housing,
thereby allowing the valve open state indicating part to
be visible from the outside through the first window,
whereas, when the valve member is in the closed posi-
tion, the valve closed state indicating part aligns with the
first window in the radial direction, thereby allowing the
valve closed state indicating part to be visible from the
outside through the first window.

3. The female coupling member of claim 2, further com-

prising:

a first locking member attached to the housing, the first
locking member being displaceable between a locking
position where the first locking member engages the
male coupling member inserted into the housing from
the one end thereof to connect the male coupling mem-
ber to the female coupling member and an unlocking
position where the first locking member is disengaged
from the male coupling member to cancel connection of
the male coupling member to the female coupling mem-
ber;

a retaining member displaceable between a retaining posi-
tion where the retaining member retains the first locking
member in the unlocking position and a displacement
allowing position where the retaining member allows
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the first locking member to be displaced to the locking
position, the retaining member being displaced from the
retaining position to the displacement allowing position
by the male coupling member inserted into the housing;
and

a holding member attached to the housing, the holding
member being displaceable between a standby position
where the holding member allows the first locking mem-
ber to assume the unlocking position and a holding posi-
tion where the holding member holds the first locking
member in the locking position, the holding member
being configured to cover the first window from an out-
side when the holding member is in the standby position,
thereby making the first window invisible from the out-
side of the housing.

4. The female coupling member of claim 3, wherein the
holding member has an outer member displaceable on an
outer peripheral surface of the housing and an inner member
provided inside the housing and integrally connected to the
outer member, and wherein, when the holding member is in
the standby position, the outer member is positioned to cover
the first window from the outside and the inner member is
positioned to allow the first locking member is displaced to
the unlocking position, and when the holding member in the
holding position, the outer member is positioned to expose
the first window to the outside and the inner member is
positioned to engage the first locking member to hold the first
locking member in the locking position.

5. The female coupling member of claim 4, wherein the
outer member and the inner member are tubular members.

6. The female coupling member of claim 4, wherein the
housing has on the outer peripheral surface thereof a coupled
state indicating part and an uncoupled state indicating part
which are spaced from each other in a longitudinal direction
of the housing;

the outer member of the holding member having a second
window configured such that, when the holding member
is in the standby position, the second window aligns with
the uncoupled state indicating part in the radial direction
of the housing, thereby allowing the uncoupled state
indicating part to be visible from the outside of the
female coupling member through the second window,
whereas, when the holding member is in the holding
position, the second window aligns with the coupled
state indicating part in the radial direction of the hous-
ing, thereby allowing the coupled state indicating part to
be visible from the outside through the second window.

7. The female coupling member of claim 1, wherein the
valve member has a movable valve seat member and a valve
element which are provided in the fluid passage so as to be
displaceable in a longitudinal direction of the fluid passage,
the valve member being configured such that the valve ele-
ment closes the fluid passage by engaging a valve seat portion
ofthe movable valve seat member, and that the valve element
is disengaged from the valve seat portion to open the fluid
passage by displacement of the movable valve seat member
relative to the valve element;

the valve open-closed state indicating member being con-
figured to be displaced in response to displacement of
the movable valve seat member in the longitudinal direc-
tion.
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8. The female coupling member of claim 7, further com-
prising:

anarresting member provided at a position closer to the one
end of the housing than the valve member in alignment
with the valve member in the longitudinal direction of
the fluid passage, the arresting member being displace-
able in the longitudinal direction of the fluid passage, the
arresting member being configured to be displaced
toward the valve member to reach an arresting position
by the male coupling member inserted into and con-
nected to the female coupling member;

the movable valve seat member and the valve element
being configured to be displaced toward the one end of
the housing by a fluid pressure of a pressurized fluid
supplied through the fluid supply pipe connected to the
other end of the housing, so that the arresting member,
which is in the arresting position at this time, engages the
valve element to stop displacement of the valve element,
while allowing the movable valve seat member to be
displaced relative to the valve element that has stopped,
thereby opening the fluid passage.

9. The female coupling member of claim 3, further com-

prising:

a second locking member provided between the valve
member and the holding member, the second locking
member being configured such that, when a pressurized
fluid is supplied from the fluid supply pipe in a state
where the holding member is in the standby position, the
second locking member is pressed and displaced by the
valve member displaced toward the open position by the
pressurized fluid, but the second locking member is
stopped from being displaced by engaging the holding
member before the valve member reaches the open posi-
tion, thereby blocking the valve member from reaching
the open position and also blocking the holding member
from being displaced to the holding position, whereas,
when the pressurized fluid is supplied from the fluid
supply pipe in a state where the holding member is in the
holding position, the second locking member does not
engage the holding member, thereby allowing the valve
member to be displaced to the open position.

10. The female coupling member of claim 1, further com-
prising:

a transmission-reception terminal for transmitting and
receiving infrared rays provided at an end surface at the
one end of the housing; and

a signal line extending from the transmission-reception
terminal to the other end of the housing.

11. A pipe coupling comprising:
the female coupling member of claim 1; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

12. A pipe coupling comprising:

the female coupling member of claim 2; and

a male coupling member configured to be connected to the

female coupling member by being inserted from the one
end of the female coupling member.
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13. A pipe coupling comprising:

the female coupling member of claim 3; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

14. A pipe coupling comprising:

the female coupling member of claim 4; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

15. A pipe coupling comprising:

the female coupling member of claim 5; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

16. A pipe coupling comprising:

the female coupling member of claim 6; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.
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17. A pipe coupling comprising:

the female coupling member of claim 7; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

18. A pipe coupling comprising:

the female coupling member of claim 8; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

19. A pipe coupling comprising:

the female coupling member of claim 9; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.

20. A pipe coupling comprising:

the female coupling member of claim 10; and

a male coupling member configured to be connected to the
female coupling member by being inserted from the one
end of the female coupling member.
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