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(54) MANUAL UNLOCKING DEVICE

(57) An aspect of the present invention provides a
manual unlocking device (1, 201) for manually unlocking
a locking device (16), the locking device being (16) con-
figured to lock a door device (15), the door device (15)
being configured to open or close a doorway (10) of a
vehicle, the manual unlocking device (1, 201) including:
an operatingmember (2) configured to perform rotational
motion between a locking position and an unlocking
position by being manually operated; a converting me-
chanism (3, 203) configured to convert the rotational
motion of the operating member (2) into linear motion;
and a drawing member (4) coupled at one end thereof to
the converting mechanism (3, 203) and at the other end
thereof to the locking device (16), the drawing member
(4) being configured to transmit, to the locking device, the
linear motion transmitted thereto from the converting
mechanism (3, 203), thereby unlocking the door device
(15), the convertingmechanism (3, 203) has a plurality of
links (21, 22, 221, 222, 223) configured to reach a dead
center as a result of the rotational motion of the operating
member (2) from the locking position to the unlocking
position.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a manual unlocking device.

BACKGROUND

[0002] Patent Literature 1 discloses a technique ofmanually unlocking a latch lock locking a door by operating a handle
device connected to a cable.

RELEVANT REFERENCE

LIST OF RELEVANT PATENT LITERATURE

[0003] Patent Literature 1: Japanese Patent Application Publication No. 2010‑174435

SUMMARY

[0004] The handle device has an operating unit that is generally connected directly to the inner cable. While the handle
device is in anunlocking state, an external forcemaybeapplied in a locking direction to the cable from the latch lock. In this
case, the external force directly pulls the operating unit. To address this issue, a ball plunger or the likemay be provided to
place the operating unit at a fixed position, so that the operating unit can remain at an unlocking position. In this manner,
such an external force does not accidentally bring the operating unit back to a locking position. As long as the ball plunger
exerts strong retaining force, theoperatingunit canbeprevented from returning to the lockingpositionwhenacteduponby
an external force. To operate the operating unit, however, a great deal of efforts are required.
[0005] The present invention is intended to overcome the above problem, and one object thereof is to provide amanual
unlocking device that is capable of retaining an operatingmember in an unlocking positionwithout requiring electric power
even if an external force is applied to a drawing member from a locking device while the manual unlocking device is in an
unlocking state.
[0006] To overcome the above drawback, aspects of the present invention are configured as follows.

(1)Anaspect of thepresent inventionprovidesamanual unlocking device formanually unlocking a lockingdevice, the
lockingdevice beingconfigured to lockadoor device, thedoor devicebeing configured toopenor closeadoorwayof a
vehicle, the manual unlocking device including: an operating member configured to perform rotational motion
between a locking position and an unlocking position by being manually operated; a converting mechanism
configured to convert the rotational motion of the operating member into linear motion; and a drawing member
coupledat oneend thereof to the convertingmechanismandat theother end thereof to the lockingdevice, thedrawing
member being configured to transmit, to the locking device, the linear motion transmitted thereto from the converting
mechanism, thereby unlocking the door device. The convertingmechanismhas a plurality of links configured to reach
a dead center as a result of the rotational motion of the operating member from the locking position to the unlocking
position.
According to the above, the operatingmember is operated to perform rotationalmotion, so that the operatingmember
reaches the unlocking position. As a result, the door device canbeunlocked.On completion of this, the linksmaybeat
a dead center. An external force may be applied by the locking device to the drawing member while the operating
member is at the unlocking position. Even so, the operating member can stay at the unlocking position without
requiring electric power consumption.

(2) In the manual unlocking device of (1), the drawing member may be a cable, the manual unlocking device may
further include a slidermechanism towhich the cable is secured, the slidermechanism supporting the cable such that
the cable is movable in a direction along the linear motion, and the slider mechanism is connected to the operating
member via the links.

(3) In themanual unlocking device of (2), the linksmay include: a first link coupled at one end thereof to the operating
member such that the first link is rotatable on a coupling portion where the one end of the first link is coupled with the
operatingmember; and a second link coupled at one end thereof to the other end of the first link such that the second
link is rotatable on a coupling portionwhere the one end of the second link is coupledwith the other end of the first link,
and coupled at the other end thereof to the slider mechanism such that the second link is rotatable on a coupling
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portionwhere theother endof the second link is coupledwith the slidermechanism.Asa result of the rotationalmotion
of the operating member from the locking position to the unlocking position, an imaginary line segment from the one
endof the first link to the other end of the first link, and an imaginary line segment from the oneendof the second link to
the other end of the second link are positioned on a straight line, so that the first and second links are at a dead center.

(4) In the manual unlocking device of (3), the operating member may be rotatable 90 degrees on a support shaft
between the locking position and the unlocking position, and themanual unlocking devicemay further include a gear
mechanism configured to reduce rotation of the support shaft by a predetermined reduction ratio and transmit the
reduced rotation to the one end of the first link.

(5) In the manual unlocking device of (4), the gear mechanismmay include: a driving gear rotatably coupled with the
support shaft with a center of rotation thereof being placed on the support shaft; and adriven gear having coupledwith
the one end of the first link with a center of rotation thereof being placed on the one end of the first link, the driven gear
meshingwith the driving gear to transmit the rotationalmotion of the operatingmember to the first link, the driving gear
may have: a gear portionmeshingwith the driven gear; and a positioning portion being configured to place the driving
gear at an intended position when the operating member is at the locking or unlocking position, and the gear portion
and the positioning portion may be differently positioned on a circumference of an imaginary circle centered on the
support shaft on which the driving gear is rotatable.

(6) In the manual unlocking device of (5), the drawing member may be the cable configured to move between a start
point and an end point in a direction along the linear motion, and the manual unlocking device may further include a
restrictionwall configured to restrict rotationalmotionof thedrivinggearbycontacting thedrivinggearbefore the cable
reaches the start point or end point as a result of moving in the direction along the linear motion.

(7) In themanual unlocking device of any one of (4) to (6), the first linkmay be configured to rotate on a first shaft that is
parallel to the support shaft and that is positioned in the coupling portion where the one end of the first link is coupled
with the operating member, and the first shaft may be positioned such that the first shaft does not overlap a route of
rotation of the second link, when seen in a direction in which the first shaft extends.

(8) In themanual unlocking device of (2), the linksmay include: a first link coupled at one end thereof to the operating
member such that the first link is rotatable on a coupling portion where the one end of the first link is coupled with the
operatingmember; a second link coupled at one end thereof to the other end of the first link such that the second link is
rotatable on a coupling portion where the one end of the second link is coupled with the other end of the first link, and
coupled at the other end thereof to a stationary site such that the second link is rotatable on a coupling portion where
theother endof the second link is coupledwith the stationary site; and a third link coupled at oneend thereof to the one
end of the second link such that the third link is rotatable on a coupling portion where the one end of the third link is
coupledwith theoneendof the second link, and coupledat the other end thereof to the slidermechanismsuch that the
third link is rotatable ona couplingportionwhere theother end of the third link is coupledwith the slidermechanism.As
a result of the rotational motion of the operating member from the locking position to the unlocking position, an
imaginary line segment from the one end of the second link to the other end of the second link and an imaginary line
segment from the one end of the third link to the other end of the third link may be positioned on a straight line, so that
the second and third links are at a dead center.

(9) In the manual unlocking device of (8), the operating member may be rotatable on a support shaft between the
locking position and the unlocking position, and the manual unlocking device may further include a transmission
member configured to transmit rotation of the support shaft to the one end of the first link.

(10) In themanual unlocking device of (8) or (9), a length of the third link from the one end to the other endmay be less
than a length of the second link from the one end to the other end.

ADVANTAGEOUS EFFECTS

[0007] According to the present invention, the operatingmember can remain in the unlocking position without requiring
electric power even if an external force is applied to the drawing member from the locking device while the manual
unlocking device is in an unlocking state.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Fig. 1 shows a vehicle door relating to a first embodiment viewed from outside in a width direction.
Fig. 2 is a perspective view showing a manual unlocking device relating to the first embodiment in a locking state.
Fig. 3 is a front view showing the manual unlocking device relating to the first embodiment in the locking state.
Fig. 4 is a front view showing the manual unlocking device relating to the first embodiment in the middle of operating.
Fig. 5 is a front view showing the manual unlocking device relating to the first embodiment in an unlocking state.
Fig. 6 is a perspective view showing a manual unlocking device relating to a second embodiment in a locking state.
Fig. 7 is a front view showing the manual unlocking device relating to the second embodiment in the locking state.
Fig. 8 is a front view showing the manual unlocking device relating to the second embodiment in the middle of
operating.
Fig. 9 is a front view showing the manual unlocking device relating to the second embodiment in an unlocking state.
Fig. 10 illustrates a linkage of the manual unlocking device relating to the second embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] Embodiments of the present invention will now be described with reference to the attached drawings. The
following embodiments are described with reference to an example manual unlocking device configured to manually
unlock a locking device for locking a door device for opening or closing a doorway of a railway vehicle (vehicle). In the
following description, terms such as "parallel," "orthogonal," "center" and "coaxial" describe relative or absolute positions.
These termsarenot only strictly usedbut alsoallowsome tolerances and relative differences in angle anddistanceas long
as the same effects can be still produced. In the drawings used for the following description, members are shown to
different scales into recognizable sizes.

<Vehicle Door>

[0010] Fig. 1 shows a vehicle door relating to a first embodiment fromoutside in awidth direction. As shown in Fig. 1, the
vehicle door is a double sliding door including a pair of door leaves 11 to open or close a doorway 10 of a vehicle. Fig. 1
shows a state where the door leaves 11 are fully closed.
[0011] In the followingdescription, anXYZorthogonal coordinate system isusedas required.TheXdirection represents
the front-rear direction of the vehicle. The Y direction represents the width direction of the vehicle. The Z direction
represents theheight direction of the vehicle (thegravitational direction),which is orthogonal to theXandYdirections. The
following description ismadewith the arrows shown in the drawings indicating the X, Yand Zdirections, and the head side
and the tail side of each arrow indicate the positive (+) side and the negative (‑) side, respectively. The outside and the
inside in thewidthdirectionare respectivelydenotedas the+Ysideand the ‑Yside.Theupper sideand the lower side in the
gravitational direction are respectively denoted as the +Z side and the ‑Z side.
[0012] The door leaves 11 may move in the X direction to open or close the doorway 10 when acted upon by a driving
force fromadrivingsource (for example,motor),which isnot shown.Above thedoorway10, adoordevice15 foropeningor
closing the doorway 10 of the vehicle, and a locking device 16 for locking the door device 15 are provided.

<Manual Unlocking Device>

[0013] Amanual unlockingdevice1 is configured tomanuallyunlock the lockingdevice16 for locking thedoordevice15,
which is configured to open or lose the doorway 10 of the vehicle. The manual unlocking device 1 is connected to the
lockingdevice16viaadrawingmember4.Forexample, themanualunlockingdevice1maybearrangedsuch that it canbe
operated inside or outside the vehicle. For example, the manual unlocking device 1 may be positioned such that it can be
operated by a passenger, a crew member, a station staff member in case of emergency. For example, the manual
unlocking device 1 can be arranged in any other manners as required by design specifications.
[0014] Fig. 2 is a perspective view showing the manual unlocking device 1 relating to the first embodiment in a locking
state. Fig. 3 is a front viewshowing themanual unlockingdevice1 relating to the first embodiment in the locking state. Fig. 4
is a front view showing themanual unlocking device 1 relating to the first embodiment in themiddle of operating. Fig. 5 is a
front viewshowing themanual unlocking device1 relating to the first embodiment in anunlocking state.Referring toFigs. 2
to 5, the manual unlocking device 1 includes an operating member 2, a converting mechanism 3, a drawing member 4, a
slidermechanism 5, a gearmechanism 6 and a restriction wall 7. Themanual unlocking device 1 further includes a case 8
housing therein part of the converting mechanism 3, drawing member 4, slider mechanism 5, gear mechanism 6 and
restriction wall 7. In the respective drawings, part of the case 8 (for example, a cover) is not shown.
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<Operating Member>

[0015] The operating member 2 is configured to perform rotational motion between a locking position (shown in Fig. 3)
and an unlocking position (shown in Fig. 5) as operated manually. The operating member 2 is rotatable 90 degrees on a
support shaft 20 between the locking position and the unlocking position. In the locking position, the operating member 2
extends in the vertical direction. In the unlocking position, the operatingmember 2 extends in the horizontal direction. The
operating member 2 has a portion coupled with the support shaft 20, and another portion that is opposite to the coupled
portion. The latter portion is externally exposed or positioned outside the case 8 when the operating member 2 moves
between the locking position and the unlocking position.

<Converting Mechanism>

[0016] The converting mechanism 3 converts the rotational motion of the operating member 2 into linear motion. The
converting mechanism 3 has a plurality of links 21 and 22 configured to reach a dead center as a result of the rotational
motion of the operatingmember 2 from the locking position to theunlocking position. The slidermechanism5 is connected
to theoperatingmember2via the links21and22.Theslidermechanism5andconvertingmechanism3 together constitute
a slider crankmechanism. The links 21 and 22 include a first link 21 and a second link 22. The first link 21 is coupled at its
one end to the operating member 2 such that it is rotatable on the coupling portion where the one end of the first link 21 is
coupled with the operatingmember 2. The second link 22 is coupled at its one end to the other end of the first link 21 such
that it is rotatableon thecouplingportionwhere theoneendof thesecond link22 is coupledwith theotherendof thefirst link
21, and coupled at its other end to the slider mechanism 5 such that it is rotatable on the coupling portion where the other
end of the second link 22 is coupled with the slider mechanism 5.
[0017] Thefirst link21 is configured to rotateonafirst shaft 25 that is parallel to thesupport shaft 20and that is positioned
in the couplingportionwhere theoneendof thefirst link21 is coupledwith theoperatingmember2. Thefirst link21extends
in thevertical directionwith theotherendof thefirst link21beingpositionedabove theoneendwhen theoperatingmember
2 is in the locking position. The first link 21 extends in the vertical direction with the other end of the first link 21 being
positioned below the one end when the operating member 2 is in the unlocking position.
[0018] The second link 22 is configured to rotate on a second shaft 26 that is parallel to the first shaft 25 and that is
positioned in the coupling portion where the one end of the second link 22 is coupled with the other end of the first link 21.
The second link 22 extends in the vertical directionwith the other end of the second link 22 being positioned above the one
endwhen theoperatingmember 2 is in either the lockingor unlockingposition. Specifically, the second link 22originates at
the one end and terminates at the other end, with the portion of the second link 22 including the one end extending toward
theupper right in thedrawingand theportionof the second link 22 including theother endextending toward theupper left in
the drawing, when the operating member 2 is in either the locking or unlocking position. The second link 22 is V-shaped
when seen in the direction in which the second shaft 26 extends. Specifically, theminimumangle of the V shape is obtuse.

<Drawing Member>

[0019] For example, the drawingmember 4 is a cable. The drawingmember 4 is coupled at its one end to the converting
mechanism 3. The drawing member 4 is coupled at its other end to the locking device 16. The drawing member 4 can
transmit, to the locking device 16, the linear motion transmitted thereto from the converting mechanism 3, thereby
unlocking thedoor device 15. Thedrawingmember 4 is configured tomovebetweena start point P1andanendpoint P2 in
synchronization with a slider 31 in the direction along the linear motion.
[0020] Although not shown, the drawingmember 4may receive a pressing force (elastic force) acted upon by an elastic
membersuchasaspringconstituting the lockingdevice16.Thismeans that thedrawingmember4 is subject toa force that
draws the drawing member 4 upwards in the vertical direction.

<Slider Mechanism>

[0021] The slider mechanism 5 supports the drawing member 4 (for example, an inner cable) such that the drawing
member 4 is allowed to move in the direction along the linear motion. The other end of the drawing member 4 is secured
onto the slider mechanism 5. The other end of the second link 22 is coupled with the slider mechanism 5.
[0022] According to theshownexample, theslidermechanism5 includesaslider31andaguide rail 32.Theslider31has
a protrusion 30 protruding toward the upper right in the drawing, and the guide rail 32 extends in the vertical direction. The
slider 31 is supported on the guide rail 32 such that it can move along the guide rail 32. The slider mechanism 5 can be
configured in any other manners as required by design specifications.
[0023] Theslider 31may receive thepressing force (elastic force) acted uponby theelasticmember suchasa spring via
the drawing member 4. The slider 31 is thus subject to a force that draws the slider 31 as well as the drawing member 4
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upward in the vertical direction.
[0024] The second link 22 is coupled at its other end to the tip of the protrusion 30 of the slider 31 such that it is rotatable
on the couplingportionwhere theother endof thesecond link22 is coupledwith the tip of theprotrusion30. Thesecond link
22 is configured to rotate on a third shaft 27 that is parallel to the second shaft 26 and that is positioned in the coupling
portion where the other end of the second link 22 is coupled with the tip of the protrusion 30 of the slider 31.

<Gear Mechanism>

[0025] The gear mechanism 6 reduces the rotation of the support shaft 20 by a predetermined reduction ratio and
transmits the reduced rotation to the one end of the first link 21. The gear mechanism 6 includes a driving gear 40 and a
driven gear 50 that meshes with the driving gear 40 and that is driven to rotate.
[0026] The driving gear 40 is rotatably coupled with the support shaft 20 with the center of rotation being placed on the
support shaft 20.Thedrivengear 50 is coupledwith theoneendof thefirst link21with thecenter of rotationbeingplacedon
the one end of the first link 21. The driven gear 50 meshes with the driving gear 40 to transmit the rotational motion of the
operating member 2 to the first link 21.
[0027] Here, a gear ratio B/A is defined as 1/2, where A and B respectively represent the numbers of teeth at the driving
and driven gears 40 and 50. The gear ratio B/A is not limited to this value, and may be less than or greater than 1/2. For
example, the gear ratio B/A can be modified as required by design specifications.
[0028] Thedrivinggear 40 includesagear portion41andapositioningportion42. Thegear portion41canmeshwith the
driven gear 50, and the positioning portion 42 is configured to place the driving gear 40 at an intended position when the
operating member 2 is at the locking or unlocking position. The gear and positioning portions 41 and 42 are differently
positioned on the circumference of an imaginary circle centered on the support shaft 20, on which the driving gear 40 can
rotate.
[0029] According to the shownexample, the gear portion 41occupies a central angle of approximately 90degreesof the
imaginary circle centered on the support shaft 20, on which the driving gear 40 can rotate. The gear portion 41 can be
arranged in any othermanners. The gear portion 41may occupy a central angle of less than or greater than 90 degrees of
the imaginary circle centeredon thesupport shaft 20, onwhich thedrivinggear40can rotate.Forexample, thegearportion
41 can be arranged in any other manners as required by design specifications.
[0030] According to the shown example, the positioning portion 42 is positioned on the opposite side of the gear portion
41 in the radial direction of the circle centered on the support shaft 20, on which the driving gear 40 can rotate. The driving
gear 40 includes a first depression 43 and a second depression 44. The first depression 43 can keep the driving gear 40 at
an intended position while the operating member 2 is at the locking position, and the second depression 44 can keep the
drivinggear 40at an intendedpositionwhile theoperatingmember 2 is at theunlockingposition. Thepositioningportion42
includes a wall portion having the first and second depressions 43 and 44 of the driving gear 40.
[0031] According to the shownexample, a plunger 61 is provided onan inclinedwall 60 of the case8. Theplunger 61 is a
ball plunger, for example. The plunger 61 has a protrusion 62 (for example, a part of a ball) protruding toward the support
shaft 20, on which the driving gear 40 can rotate. According to the shown example, the protrusion 62 of the plunger 61
protrudes toward the lower left in the drawing from the inclinedwall 60 of the case 8. The present embodiment is not limited
to the above, and the protrusion 62 of the plunger 61 can protrude in any other manners as required by design
specifications.
[0032] Forexample,when theoperatingmember2 isat the lockingposition, theprotrusion62of theplunger61 is fitted in
the first depression 43 of the driving gear 40. This enables the driving gear 40 to be at the intended position while the
operating member 2 is at the locking position.
[0033] While theoperatingmember 2 isat theunlockingposition, on theother hand, theprotrusion62of theplunger 61 is
fitted in theseconddepression44of thedrivinggear40.Thisenables thedrivinggear40 tobeat the intendedpositionwhile
the operating member 2 is at the unlocking position.

<Restriction Wall>

[0034] As the drawing member 4 moves in the direction along the linear motion, the restriction wall 7 can restrict the
rotational motion of the driving gear 40 by contacting the driving gear 40 before the drawing member 4 reaches the start
point P1 or end point P2 . In the illustrated example, the restrictionwall 7 is provided on the surface of the case 8 that faces
the driving gear 40. The restriction wall 7 includes a first wall portion 71 and a secondwall portion 72. The first wall portion
71 can restrict the rotational motion of the driving gear 40 by contacting the driving gear 40 before the drawing member 4
reaches theendpoint P2asa result ofmoving in thedirectionalong the linearmotion from thestart pointP1 to theendpoint
P2. The second wall portion 72 can restrict the rotational motion of the driving gear 40 by contacting the driving gear 40
before the drawingmember 4 reaches the start point P1 as a result of moving in the direction along the linear motion from
the end point P2 toward the start point P1.
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[0035] For example,when theoperatingmember 2 is at the lockingposition, a part of thedrivinggear 40 is in contactwith
the second wall portion 72. This part of the driving gear 40 is one of the ends of the gear portion 41 in the direction of the
rotational motion of the driving gear 40. The secondwall portion 72 can thus protect the gear portion 41 of the driving gear
40 by preventing a load from being applied to the gear portion 41 of the driving gear 40 even if the rotational motion of the
operating member 2 results in the operating member 2 reaching beyond the locking position.
[0036] On theother hand,when theoperatingmember 2 is at theunlockingposition, a different part of thedrivinggear 40
is in contactwith thefirstwall portion71.Thedifferentpart of thedrivinggear40 is theotherof theendsof thegearportion41
in thedirection of the rotationalmotion of the driving gear 40. The first wall portion 71 can thus protect the gear portion 41 of
the driving gear 40bypreventinga load frombeing applied to thegear portion 41of the driving gear 40even if the rotational
motion of the operating member 2 results in the operating member 2 reaching beyond the unlocking position.

<How to Arrange First Shaft>

[0037] The first shaft 25 is positioned such that it does not overlap the route of the rotation of the second link 22, when
seen in the direction inwhich the first shaft 25 extends. The first shaft 25 is positioned lower than the one endof the second
link 22 in the vertical directionwhen the operatingmember 2 is in the locking position. The first shaft 25 is positioned higher
than theoneendof thesecond link22 in thevertical directionwhen theoperatingmember2 is in theunlockingposition.The
first shaft 25 is positioned in the space between the opposite ends of the second link 22when the operatingmember 2 is in
the unlocking position.

<Locking State/Unlocking Operation>

[0038] Fig. 3 is a front view showing the manual unlocking device 1 relating to the first embodiment in the locking state.
Fig. 4 is a front view showing themanual unlocking device 1 relating to the first embodiment in themiddle of operating. Fig.
5 is a front viewshowing themanual unlockingdevice1 relating to thefirst embodiment in theunlockingstate. The following
nowdescribes, as anexample, the locked state of the door andhow tomanually unlock thedoorwith reference toFigs. 3 to
5.

<Example of Locked State>

[0039] Referring to Figs. 1 and 3, the door leaves 11 are fully closed and locked by the locking device 16 in an ordinary
circumstance, for example, while the vehicle is traveling. For example, the door leaves 11 are locked while the vehicle is
traveling, or if the door leaves 11 face away froma platformand cannot be used for passengers boarding or disembarking.
[0040] Referring to Fig. 3, the cable (drawing member 4) is drawn upward in the vertical direction by a pressing force
(elastic force) exerted by a not-shown elastic member such as a spring. Along with the cable, the slider 31 is also drawn
upward in the vertical direction. The slider 31 is positioned near the start point P1 in the direction along the linearmotion of
the cable.

<Example of Unlocking Operation>

[0041] Referring to Figs. 3 to 5, the operating member 2 is rotated in the direction indicated by the arrow R in case of
emergency or for maintenance purpose. For example, the operatingmember 2 is rotated 90 degrees on the support shaft
20 between the locking position and theunlocking position. In this case, the driving gear 40,which is rotatably coupledwith
the support shaft 20 with the center of rotation being placed on the support shaft 20, is rotated in the direction indicated by
the arrow R1.
[0042] Here, the driven gear 50, whichmesheswith the driving gear 40, is rotated in the direction indicated by the arrow
R2on thefirst shaft 25.Anexample case is assumedwhere thegear ratioB/A is 1/2. In this case, a90degree rotationof the
operating member 2 on the support shaft 20 can result in a 180 degree rotation of the driven gear 50 on the first shaft 25.
[0043] As a result of this rotation of the driven gear 50, the rotational motion of the operatingmember 2 is transmitted to
the first link 21. Thesecond link22 then rotationallymovesas shown inFigs. 3, 4and5. Theoneendof the second link22 is
located below the first shaft 25 in the vertical direction in Fig. 5.
[0044] As a result of the rotational movement of the second link 22, the rotational motion of the operating member 2 is
converted into downward linearmotion in the vertical direction. This causes the slider 31 tomove downward in the vertical
direction along theguide rail 32.Concurrently, the cable overcomes the pressing force applied by theelasticmember such
as a spring and is drawn via the slider 31 downward in the vertical direction. In this manner, the linear motion transmitted
from the converting mechanism 3 is transmitted to the locking device 16, thereby unlocking the door device 15.
[0045] On completion of the rotational motion of the operating member 2 from the locking position to the unlocking
position, an imaginary line segment from the oneend of the first link 21 to the other end of the first link 21, and an imaginary
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line segment from theoneendof the second link22 to theother endof the second link22arepositionedonastraight line. In
other words, the first and second links are at a dead center. When the operating member 2 is at the unlocking position as
shown in Fig. 5, the imaginary line segment from the one end of the first link 21 to the other end of the first link 21 and the
imaginary line segment from theoneendof thesecond link22 to theotherendof thesecond link22areon thesamevertical
line.
[0046] While theoperatingmember 2 is at the unlocking position as shown inFig. 5, the protrusion62of the plunger 61 is
fitted in the second depression 44 of the driving gear 40, so that the driving gear 40 is placed at the intended position. For
example, while being in the unlocking position, the operating member 2 may move back to the original position (locking
position) due to its own weight. The plunger 61 can stop this from happening.

<Advantageous Effects>

[0047] As described above, the manual unlocking device 1 relating to the first embodiment is configured to manually
unlock the locking device 16 for locking the door device 15, which is configured to open or close the doorway 10 of the
vehicle.Themanual unlockingdevice1 includes: theoperatingmember2configured toperform rotationalmotionbetween
the locking position and the unlocking position when manually operated; the converting mechanism 3 configured to
convert the rotational motion of the operating member 2 into the linear motion; and the drawingmember 4 coupled at one
end thereof to the converting mechanism 3 and at the other end thereof to the locking device 16, the drawing member 4
beingconfigured to transmit, to the lockingdevice16, the linearmotion transmitted thereto from theconvertingmechanism
3, thereby unlocking the door device 15. The converting mechanism 3 has the links 21 and 22, which may reach a dead
center as a result of the rotational motion of the operating member 2 from the locking position to the unlocking position.
[0048] According to the above, the operating member 2 is operated to perform rotational motion, so that the operating
member 2 reaches the unlocking position. As a result, the door device 15 can be unlocked. On completion of this, the links
21 and 22may be at a dead center. An external force may be applied from the locking device 16 to the drawingmember 4
while the manual unlocking device 1 is in the unlocking state. According to the first embodiment, the operating member 2
can stay at the unlocking position without requiring electric power consumption.
[0049] The manual unlocking device 1 relating to the first embodiment uses a cable as the drawing member 4. The
manual unlocking device 1 further includes the slider mechanism 5 to which the cable is secured. The slider mechanism 5
supports the cable such that the cable is movable in the direction along the linear motion. The slider mechanism 5 is
connected to theoperatingmember2via the links21and22.Asconfigured in thisway, thecablecanbedrawnvia theslider
mechanism 5. Unlocking can be thus performed in a stable manner.
[0050] In themanual unlocking device 1 relating to the first embodiment, the links 21 and 22 include the first link 21 and
second link 22. The first link 21 is coupled at its one end to the operatingmember 2 such that the first link is rotatable on the
couplingportionwhere theoneendof thefirst link21 is coupledwith theoperatingmember2.Thesecond link22 is coupled
at its one end to the other end of the first link 21 such that the second link 22 is rotatable on the coupling portion where the
one end of the second link 22 is coupled with the other end of the first link 21, and coupled at its other end to the slider
mechanism 5 such that the second link 22 is rotatable on the coupling portion where the other end of the second link 22 is
coupled with the slider mechanism 5. On completion of the rotational motion of the operating member 2 from the locking
position to the unlocking position, the imaginary line segment from the one endof the first link 21 to the other end of the first
link 21, and the imaginary line segment from the one end of the second link 22 to the other end of the second link 22 are
positioned on a straight line. In other words, the first and second links are at a dead center. According to the above, the
operating member 2 is operated to perform rotational motion, so that the operating member 2 reaches the unlocking
position. As a result, the door device 15 can be unlocked. On completion of this, the imaginary line segment from the one
endof the first link 21 to the other end of the first link 21, and the imaginary line segment from the oneend of the second link
22 to theother endof the second link 22arepositionedonastraight line. In otherwords, the first andsecond links21and22
are at a dead center. An external force may be applied from the locking device 16 to the drawing member 4 while the
operatingmember 2 is at the unlocking position.According to the first embodiment, the operationmember 2 can stayat the
unlocking position without requiring electric power consumption.
[0051] In themanual unlockingdevice 1 relating to the first embodiment, theoperatingmember 2 is rotatable 90degrees
on the support shaft 20 between the locking position and the unlocking position. The manual unlocking device 1 further
includes thegearmechanism6configured to reduce the rotationof the support shaft 20 byapredetermined reduction ratio
and transmit the reduced rotation to the one end of the first link 21. According to the above, since the amount of rotational
motion of the operatingmember 2 can be amplified, the cable can be drawn by a certain amount with a shorter first link 21.
[0052] In themanualunlockingdevice1 relating to thefirst embodiment, thegearmechanism6 includes: thedrivinggear
40 rotatably coupled with the support shaft 20 with the center of rotation being placed on the support shaft 20; and the
driven gear 50 coupledwith the one end of the first link 21with the center of rotation being placed on the one end of the first
link 21, the driven gear 50 meshing with the driving gear 40 to transmit the rotational motion of the operating member 2 to
the first link 21. The driving gear 40 includes: the gear portion 41 meshing with the driven gear 50; and the positioning
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portion 42 configured to place the driving gear 40 at an intended position when the operatingmember 2 is at the locking or
unlocking position. The gear portion 41 and positioning portion 42 are differently positioned on the circumference of an
imaginary circle centeredon the support shaft 20, onwhich thedriving gear 40 can rotate. According to theabove, the gear
portion 41 and positioning portion 42 are arranged on the circumference of the same imaginary circle. For this reason, the
positioning portion 42 can assist the operating member 2 in working stably, and the driving gear 40 does not require an
increased size.
[0053] In themanual unlocking device 1 relating to the first embodiment, the drawingmember 4, specifically, the cable is
configured to move between the start point P1 and the end point P2 in the direction along the linear motion. The manual
unlocking device 1 further includes the restriction wall 7 for restricting the rotational motion of the driving gear 40 by
contacting the driving gear 40 before the cable reaches the start point P1 or end point P2 as a result of moving in the
direction along the linearmotion. According to the above, the restrictionwall 7 can protect the gear portion 41 of the driving
gear 40 by preventing a load from being applied to the gear portion 41 of the driving gear 40 even if excessive rotational
motion of the operating member 2 results in the operating member 2 reaching beyond the locking or unlocking position.
[0054] In themanual unlocking device 1 relating to the first embodiment, the first link 21 is configured to rotate on the first
shaft 25 that is parallel to the support shaft 20 and that is positioned in the couplingportionwhere theoneendof the first link
21 is coupled with the operating member 2. The first shaft 25 is positioned such that it does not overlap the route of the
rotation of the second link 22 when seen in the direction in which the first shaft 25 extends. In this manner, the manual
unlocking device 1 can avoid an increase in size in the direction in which the first shaft 25 extends, when compared with a
casewhere the first shaft 25 is arranged such that it overlaps the route of the rotation of the second link 22when seen in the
direction in which the first shaft 25 extends.

<Variations>

[0055] According to the foregoing description, the drawingmember is a cable, but the present embodiment is not limited
to such. For example, the drawingmembermay be anymember other than a cable. For example, the drawingmember 10
may include chains, rods and hooks. For example, the drawing member can be configured in any other manners as
required by design specifications.
[0056] According to the foregoing description, the manual unlocking device further includes the slider mechanism to
which the cable is secured, where the slider mechanism supports the cable such that the cable is movable in the direction
along the linear motion. The present embodiment, however, is not limited to such. The manual unlocking device may be
embodiedwithout the slidermechanism.For example, themanual unlocking devicemaybe configured such that the cable
may be drawnwithout the slider mechanism. For example, the slider mechanism can be installed in any othermanners as
required by design specifications.
[0057] According to the foregoing description, the other end of the second link is coupledwith the slidermechanism, but
the present embodiment is not limited to such. For example, the other end of the second link may not be coupled with the
slider mechanism. For example, the other end of the second link may be coupled with the cable without the slider
mechanism. For example, the other end of the second link can be coupled in any other manners as required by design
specifications.
[0058] According to the foregoing description, the operating member is rotatable 90 degrees on the support shaft
between the locking position and the unlocking position, but the present embodiment is not limited to such. For example,
the operating member may be rotatable less than or greater than 90 degrees on the support shaft between the locking
position and the unlocking position. For example, the operatingmember can be configured to rotate any other degrees on
the support shaft between the locking position and the unlocking position as required by design specifications.
[0059] According to the foregoing description, the manual unlocking device further includes the gear mechanism
configured to reduce the rotation of the support shaft by a predetermined reduction ratio and transmit the reduced rotation
to the oneendof the first link, but the present embodiment is not limited to such. For example, themanual unlocking device
may be embodied without the gear mechanism. For example, the manual unlocking device may include a belt pulley
mechanism, a mechanism including a chain, or the like in place of the gear mechanism. For example, the one end of the
first linkmaybe coupledwith the operatingmember such that the firs link is rotatable on the coupling portionwhere the one
end of the first link is coupled with the operating member. For example, the gear mechanism can be installed in any other
manners as required by design specifications.
[0060] According to the foregoing description, the gearmechanism includes: the driving gear rotatably coupledwith the
support shaft with the center of rotation being placed on the support shaft; and the driven gear coupledwith the one end of
the first link with the center of rotation being placed on the one end of the first link, the driven gearmeshing with the driving
gear to transmit the rotational motion of the operating member to the first link. The driving gear includes: the gear portion
meshing with the driven gear; and the positioning portion configured to position the driving gear at an intended position
when the operating member is at the locked or unlocking position. The present embodiment, however, is not limited to
such. For example, the driving gear may be embodied with the gear portion but without the positioning portion. For
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example, the driving gear can be configured in any other manners as required by design specifications.
[0061] According to the foregoing description, the gear portion and positioning portion are differently positioned on the
circumference of an imaginary circle centered on the support shaft, on which the driving gear can rotate. The present
embodiment, however, is not limited to such. For example, the gear portion and positioning portion may not be differently
positioned on the circumference of an imaginary circle centered on the support shaft, onwhich the driving gear can rotate.
For example, the gear portionandpositioningportionmaybepositionedon the circumferencesof imaginary circleshaving
different diameters that are both centered on the support shaft, onwhich the driving gear can rotate. For example, the gear
portion and positioning portion can be arranged in any other manners as required by design specifications.
[0062] According to the foregoing description, the drawing member or cable is configured to move between the start
point and the end point in the direction along the linear motion, and the manual unlocking device further includes the
restriction wall for restricting the rotational motion of the driving gear by contacting the driving gear before the cable
reaches the start or end point as a result of moving in the direction along the linear motion. The present embodiment,
however, is not limited to such. For example, the manual unlocking device may be embodied without the restriction wall.
For example, the restriction wall can be installed in any other manners as required by design specifications.
[0063] According to the foregoing description, the first link is rotatable on the first shaft that is parallel to the support shaft
and that is positioned in the coupling portion where the one end of the first link is coupled with the operatingmember. The
first shaft is positioned such that it does not overlap the route of the rotation of the second linkwhen seen in the direction in
which the first shaft extends. The present embodiment, however, is not limited to such. For example, the first shaft may be
positioned such that it overlaps the route of the rotation of the second link, when seen in the direction inwhich the first shaft
extends. For example, the first shaft can be installed in any other manners as required by design specifications.

<Second Embodiment>

[0064] The following describes a manual unlocking device 201 relating to a second embodiment. In the following
description, parts having the same functions as those of the first embodiment will have the same names and reference
numerals, and their functions will not be specifically described.
[0065] Fig. 6 is a perspective view showing the manual unlocking device 201 relating to the second embodiment in a
locking state. Fig. 7 is a front view showing the manual unlocking device 201 relating to the second embodiment in the
locking state. Fig. 8 is a front view showing the manual unlocking device 201 relating to the second embodiment in the
middleofoperating.Fig. 9 isa front viewshowing themanual unlockingdevice201 relating to thesecondembodiment inan
unlocking state. Referring to Figs. 6 to 9, the manual unlocking device 201 includes an operating member 2, a converting
mechanism 203, a drawingmember 4, a slider mechanism 5, a transmission member 209 and a case 8. In the respective
drawings, part of the case 8 (for example, a cover) is not shown.
[0066] The operating member 2 is configured to rotate between a locking position (shown in Fig. 7) and an unlocking
position (shown in Fig. 9) as operated manually. The operating member 2 is rotatable 90 degrees on a support shaft 20
between the locking position and the unlocking position. In the locking position, the operating member 2 extends in the
vertical direction. In the unlocking position, the operating member 2 extends in the horizontal direction.
[0067] The convertingmechanism 203 converts the rotational motion of the operatingmember 2 into linearmotion. The
convertingmechanism203hasaplurality of links221, 222, 223 that are configured to reachadeadcenter as a result of the
rotational motion of the operatingmember 2 from the locking position to the unlocking position. The slider mechanism 5 is
connected to the operatingmember 2 via the links 221, 222, 223. The slidermechanism5and conversionmechanism203
together constitute a slider crank mechanism. The links 221, 222 and 223 include a first link 221, a second link 222 and a
third link 223. The first link 221 is coupled at its one end to the operating member 2 such that it is rotatable on the coupling
portionwhere the one end of the first link 221 is coupledwith the operatingmember 2. The second link 222 is coupled at its
one end to the other end of the first link 221 such that the second link 222 is rotatable on the coupling portionwhere the one
end of the second link 222 is coupled with the other end of the first link 221, and coupled at its other end to the case 8 (an
example of a stationary site) such that the second link 222 is rotatable on the coupling portion where the other end of the
second link 222 is coupledwith the case 8. The third link 223 is coupled at its one end to the one end of the second link 222
such that the third link 223 is rotatable on the coupling portionwhere theoneendof the third link 223 is coupledwith theone
endof the second link 222, and coupled at its other end to the slidermechanism5 such that the third link 223 is rotatable on
the coupling portion where the other end of the third link 223 is coupled with the slider mechanism 5.
[0068] The first link 221 is configured to rotate on a first shaft 225 that is parallel to the support shaft 20 and that is
positioned in the coupling portion where the one end of the first link 221 is coupled with the operating member 2. The first
link 221 extends toward the upper left with the other end of the first link 221 being positioned above the one end when the
operatingmember 2 is in the locking position (see Fig. 7). The first link 221 extends toward the upper left with the other end
of the first link 221 being positioned above the one end at a smaller gradient than in the case shown in Fig. 7 when the
operating member 2 is in the unlocking position (see Fig. 9).
[0069] Thefirst link221hasoneendsupportingpartof the transmissionmember209oneither side in theXdirection,and
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the other end supporting one end of the second link 222 and one end of the third link 223 on either side in the X direction.
The first link 221 is configured to support target components on either side. The present embodiment is not limited to this,
and the first link 221 may be configured to support target components on one side. The first link 221 can be configured in
any other manners as required by design specifications.
[0070] The length of the second link 222 from the one end to the other end is less than the length of the first link 221 from
the one end to the other end. The second link 222 is configured to rotate on a second shaft 226 that is parallel to the first
shaft 225 and that is positioned in the coupling portion where the one end of the second link 222 is coupled with the other
endof thefirst link221.Thesecond link222 is configured to rotateona third shaft 227 that is parallel to thesecondshaft 226
and that is positioned in the coupling portion where the other end of the second link 222 is coupled with the case 8. The
second link 222 extends toward the upper left with the other end of the second link 222 being positioned above theoneend
at a greater gradient than the first link 221when the operatingmember 2 is at the locking position (see Fig. 7). The second
link 222 extends in the vertical directionwith the other end of the second link 222 being positioned above the oneendwhen
the operating member 2 is at the unlocking position.
[0071] The length of the third link 223 from the oneend to theother end is less than the length of the second link 222 from
the one end to the other end. The third link 223 is configured to rotate on the second shaft 226 that is positioned in the
couplingportionwhere theoneendof the third link 223 is coupledwith theoneendof the second link 222. The third link 223
is coupled such that it is rotatable on a fourth shaft 228 that is parallel to the third shaft 227 and that is positioned in the
coupling portionwhere the other end of the third link 223 is coupledwith the slidemechanism 5. The third link 223 extends
toward the lower left with the other end of the third link 223 being positioned below the one end (at a gradient close to zero)
when the operatingmember 2 is at the locking position (see Fig. 7). The third link 223 extends in the vertical direction with
the other end of the third link 223 being positioned below the one end when the operating member 2 is at the unlocking
position (see Fig. 9).
[0072] The drawing member 4 is coupled at one end to the converting mechanism 203. The drawing member 4 is
coupled at the other end to the locking device 16. The drawingmember 4 can transmit, to the locking device 16, the linear
motion transmitted thereto from the converting mechanism 203, thereby unlocking the door device 15. The drawing
member 4 is configured to move between a start point P1 and an end point P2 in synchronization with a slider 31 in the
direction along the linear motion.
[0073] The slider mechanism 5 supports the drawing member 4 (for example, an inner cable) such that the drawing
member 4 is allowed to move in the direction along the linear motion. The other end of the drawing member 4 is secured
onto the slider mechanism 5. The third link 223 is coupled with the slider mechanism 5 such that it is rotatable on the
coupling portion where the other end of the third link 223 is coupled with the slider mechanism 5.
[0074] The slider mechanism 5 includes the slider 31 and a guide rail 32. The slider 31 has the fourth shaft 228, and the
guide rail 32 extends in the vertical direction. The slider 31 is supported on the guide rail 32 such that it canmove along the
guide rail 32. The present embodiment is not limited to the above, and the slider mechanism 5 can be configured in any
other manners as required by the design specifications.
[0075] The slider 31 may receive a pressing force (elastic force) acted upon by an elastic member such as a spring via
the drawing member 4. The slider 31 is thus subject to a force that draws the slider 31 as well as the drawing member 4
upward in the vertical direction.
[0076] The transmission member 209 transmits the rotation of the shaft 20 to the one end of the first link 221. The
transmissionmember 209 includes a first transmission portion 291, a second transmission portion 292, and a positioning
portion 42. The first transmission portion 291 has the support shaft 20. The second transmission portion 292 has the first
shaft 225. The positioning portion 42 is configured to place the transmissionmember 209at an intended positionwhen the
operating member 2 is at the locking or unlocking position.
[0077] The first transmission portion 291 is coupledwith the operatingmember 2 via the support shaft 20with the center
of rotation being placed on the support shaft 20. The second transmission portion 292 is coupledwith the first transmission
portion 291 such that they constitute a single piece, and transmits the rotational motion of the operating member 2 to the
first link 221.
[0078] The second transmission portion 292 has one end overlapping the support shaft 20 when seen in the direction in
which the first shaft 225 extends. The second transmission portion 292 has the other end where the first shaft 225 is
provided. The second transmission portion 292 extends such that the other end of the second transmission portion 292 is
positioned on the right side of the one endwhen the operatingmember 2 is at the locking position (see Fig. 7). The second
transmission portion 292 extends in the vertical direction with the other end of the second transmission portion 292 being
positioned above the one end when the operating member 2 is at the unlocking position (see Fig. 9).
[0079] The positioning portion 42 is provided on the outer periphery of the first transmission portion 291 of the
transmission member 209. The first transmission portion 291 has a first depression 43 and a second depression 44.
The first depression 43 can keep the transmissionmember 209 at the intended positionwhile the operatingmember 2 is at
the locking position, and the second depression 44 can keep the transmissionmember 209 at the intended position while
the operating member 2 is at the unlocking position. The positioning portion 42 includes a wall portion having the first and
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second depressions 43 and 44 of the transmission member 209.
[0080] Forexample,when theoperatingmember2 isat the lockingposition, theprotrusion62of theplunger61 is fitted in
thefirst depression43of the transmissionmember209 (seeFig. 7). Thisenables the transmissionmember209 tobeat the
intended position while the operating member 2 is at the locking position.
[0081] While theoperatingmember 2 isat theunlockingposition, on theother hand, theprotrusion62of theplunger 61 is
fitted in theseconddepression44of the transmissionmember209 (seeFig. 9). Thisenables the transmissionmember209
to be at the intended position while the operating member 2 is at the unlocking position.
[0082] The following describes, as an example, how the door leaves are locked and how to manually unlock the door
leaveswith reference to Figs. 7 to 9. For example, the door leaves 11are fully closed and locked by the locking device 16 in
an ordinary circumstance, for example, while the vehicle is traveling (see Fig. 1). For example, the door leaves 11 are
locked while the vehicle is traveling, or if the door leaves 11 face away from a platform and cannot be used for passengers
boarding or disembarking.
[0083] Referring to Fig. 7, which corresponds to the locking state, the cable (drawingmember 4) is drawn upward in the
vertical direction byapressing force (elastic force) exertedbyanot-shownelasticmember suchasaspring. Alongwith the
cable, the slider 31 is drawn upward in the vertical direction. The slider 31 is positioned near the start point P1 in the
direction along the linear motion of the cable.
[0084] Referring to Figs. 7 to 9, the operatingmember 2 is rotated in the direction indicated by the arrowR. For example,
the operating member 2 is rotated 90 degrees on the support shaft 20 between the locking position and the unlocking
position. In this case, the transmission member 209, which is coupled with the support shaft 20, is rotated in the direction
indicated by the arrow R1.
[0085] As a result of this rotation of the transmission member 209, the rotational motion of the operating member 2 is
transmitted to the first link 221. The second and third links 222 and 223 then rotationallymove as shown in Figs. 7, 8 and 9.
The one end of the second link 222 and the one end of the third link 223 are located below the third shaft 227 in the vertical
direction inFig. 9.Referring toFig. 9, thesecond, thirdand fourthshafts226,227and228arealignedwitheachotheron the
same vertical line.
[0086] As a result of the rotational movement of the third link 223, the rotational motion of the operating member 2 is
converted into downward linearmotion in the vertical direction. This causes the slider 31 tomove downward in the vertical
direction along theguide rail 32.Concurrently, the cable overcomes the pressing force applied by theelasticmember such
as a spring and is drawn via the slider 31 downward in the vertical direction. In this manner, the linear motion transmitted
from the converting mechanism 203 is transmitted to the locking device 16, thereby unlocking the door device 15.
[0087] On completion of the rotational motion of the operating member 2 from the locking position to the unlocking
position, an imaginary line segment from the one end of the second link 222 to the other end of the second link 222, and an
imaginary linesegment from theoneendof the third link223 to theother endof the third link223arepositionedonastraight
line. In other words, the second and third links 222 and 223 are at a dead center. When the operating member 2 is at the
unlockingpositionasshown inFig. 9, the imaginary line segment from theoneendof thesecond link222 to theother endof
thesecond link222and the imaginary linesegment from theoneendof the third link223 to theotherendof the third link223
are on the same vertical line.
[0088] While theoperatingmember 2 is at the unlocking position as shown inFig. 9, the protrusion62of the plunger 61 is
fitted in the second depression 44 of the transmission member 209, so that the transmission member 209 is placed at the
intended position. For example, while being in the unlocking position, the operating member 2 may move back to the
original position (locking position) due to its own weight. The plunger 61 can stop this from happening.
[0089] Fig. 10 shows the linkage of the manual unlocking device 201 relating to the second embodiment. Referring to
Fig. 10, the second link 222, third link 223 and slider 31 constitute the linkage. According to the shown example, the third
shaft 227 is the fixed pivot, the fourth shaft 228 moves in the vertical direction, the symbols "F1" and "F2" respectively
indicate the force applied to the second shaft 226 and the force drawing the cable, and the slider moves in the Z direction.
When seen in the X direction, the distance between the central point of the second shaft 226 and the central point of the
fourth shaft 228 is less than the distance between the central point of the second shaft 226 and the central point of the third
shaft 227.
[0090] Theangle (acute angle) formedby the central point of the third shaft 227, the central point of the second shaft 226
and the central point of the fourth shaft 228 is divided by a perpendicular line to the direction of the motion of the slider (Z
direction) into an angle A1 and an angle A2. These values are related as indicated by the following Formula 1.
[0091] [Formula 1]

[0092] As the operating member 2 moves toward the unlocking position, the angle (A1 +A2) increases toward 180
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degrees. Therefore, Formula 1 indicates that the force F1 required to produce the cable drawing force F2 may decline.
When the operatingmember 2 is in the vicinity of the unlocking position, the cable drawing force F2 reaches themaximum
value, but the force F1 (equivalent to the force required to operate the operating member 2) is reduced. Therefore, the
operating member 2 achieves improved operability.
[0093] As described above, the manual unlocking device 201 relating to the second embodiment includes the first,
second and third links 221, 222 and223. The first link 221 is coupled at its one end to the operatingmember 2 such that it is
rotatable on the couplingportionwhere theoneendof the first link 221 is coupledwith theoperatingmember2. Thesecond
link 222 is coupled at the one end to the other end of the first link 221 such that it is rotatable on the coupling portion where
theoneendof the second link 222 is coupledwith theother end of the first link 221, and coupledat the other end to the case
8 such that it is rotatable on the coupling portionwhere the other end of the second link 222 is coupled the case 8. The third
link 223 is coupled at its one end to the oneendof the second link 222 such that it is rotatable on the coupling portionwhere
the one end of the third link 223 is coupledwith the one end of the second link 222, and coupled at its other end to the slider
mechanism 5 such that it is rotatable on the coupling portion where the other end of the third link 223 is coupled with the
slider mechanism 5. On completion of the rotational motion of the operating member 2 from the locking position to the
unlocking position, the imaginary line segment from the one end of the second link 222 to the other end of the second link
222, and the imaginary linesegment from theoneendof the third link223 to theotherendof the third link223arepositioned
on a straight line. In other words, the second and third links 222 and 223 are at a dead center.
[0094] According to the above, when the operating member 2 is operated to perform rotational motion and reaches the
unlocking position to unlock the door device 15, the imaginary line segment from the one end of the second link 222 to the
other endof the second link 222and the imaginary line segment from theoneendof the third link 223 to theother end of the
third link223areonastraight line. Thismeans that the secondand third linksareat adeadcenter.Anexternal forcemaybe
applied by the locking device 16 to the drawingmember 4 while the operatingmember 2 is at the unlocking position. Even
so, the operating member 2 can stay at the unlocking position without requiring electric power consumption.
[0095] In the manual unlocking device 201 relating to the second embodiment, the operating member 2 is rotatable on
the support shaft 20 between the locking position and the unlocking position. The manual unlocking device 1 further
includes the transmissionmember 209 configured to transmit the rotation of the support shaft 20 to the one end of the first
link 221. As configured in this manner, the manual unlocking device 201 needs no gear mechanism (gear portion) for
transmitting the rotation. This can result in improved strength and rigidity.
[0096] In the manual unlocking device 201 relating to the second embodiment, the length of the third link 223 from the
one end to the other end is less than the length of the second link 222 from the one end to the other end. The third link 223
can thus follow the rotation of the first link 221 in a bettermanner than in the casewhere the length of the third link 223 from
the one end to the other end is greater than the length of the second link 222 from the one end to the other end. The
operating member 2 can thus achieve improved operability.
[0097] In the manual unlocking device 201 relating to the second embodiment, the second link 222, third link 223 and
slider 31 constitute a linkagesatisfyingFormula 1mentionedabove.Since the links 222and223are at a deadcenterwhen
the operating member 2 is at the unlocking position, the retaining force can be advantageously increased. At the same
time, as the operating member 2 approaches the unlocking position, the load may increase, but the force for drawing the
cable can be exerted with reduced force for operating the operating member 2.

<Other Variations>

[0098] The technical scopeof thepresent invention is not limited to theembodiments describedabovebut is susceptible
of various modification within the purport of the present invention.
[0099] According to the above embodiments, the vehicle door includes the pair of door leaves separately slidable to
open or close the doorway of the railway vehicle. The embodiments, however, are not limited to such. For example, the
vehicle door may be provided on vehicles other than railway vehicles. For example, the vehicle door may include a single
leaf sliding door.
[0100] According to the second embodiment described above, the second link is coupled at the other end to the case
such that thesecond link is rotatableon thecouplingportionwhere theotherendof thesecond link is coupledwith thecase,
but the embodiment is not limited to such. For example, the second linkmay be coupled at the other end to a stationary site
other than the case, for example, a vehicle body, such that the second link is rotatable on the coupling portion where the
other end of the second link is coupledwith the stationary site. The other end of the second link can be coupled in any other
manners (to any other stationary sites) as required by design specifications.
[0101] The elements of the embodiments described above may be replaced with known elements within the purport of
the present invention. Further, the variations described above may be combined. The foregoing embodiments disclosed
hereindescribeaplurality of physically separateconstituent parts. Theymaybecombined intoasinglepart, andanyoneof
themmay be divided into a plurality of physically separate constituent parts. Irrespective of whether or not the constituent
parts are integrated, they are acceptable as long as they are configured to attain the object of the invention. According to
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the foregoingembodimentsdisclosedherein, a plurality of functionsaredistributively provided.Someorall of the functions
may be integrated. Conversely, a plurality of functionsmay be integrated. Some or all of the functions can be distributively
provided. Irrespective of whether or not the functions are integrated or distributed, they are acceptable as long as they are
configured to attain the object of the invention.

LIST OF REFERENCE NUMBERS

[0102]

1, 201 manual unlocking device
2 operating member
3, 203converting mechanism
4 drawing member
5 slider mechanism
6 gear mechanism
7 restriction wall
10 doorway
15 door device
16 locking device
20 support shaft
21, 221 first link
22, 222 second link
25 first shaft
40 driving gear
41 gear portion
42 positioning portion
50 driven gear
209 transmission member
223 third link
P1 start point
P2 end point

Claims

1. A manual unlocking device (1, 201) for manually unlocking a locking device (16), the locking device being (16)
configured to lock a door device (15), the door device (15) being configured to open or close a doorway (10) of a
vehicle, the manual unlocking device (1, 201) comprising:

an operating member (2) configured to perform rotational motion between a locking position and an unlocking
position by being manually operated;
a converting mechanism (3, 203) configured to convert the rotational motion of the operating member (2) into
linear motion; and
a drawing member (4) coupled at one end thereof to the converting mechanism (3, 203) and at the other end
thereof to the locking device (16), the drawingmember (4) being configured to transmit, to the locking device (16),
the linear motion transmitted thereto from the convertingmechanism (3, 203), thereby unlocking the door device
(15),
wherein the converting mechanism (3, 203) has a plurality of links (21, 22, 221, 222, 223) configured to reach a
dead center as a result of the rotational motion of the operating member (2) from the locking position to the
unlocking position.

2. The manual unlocking device (1, 201) of claim 1,

wherein the drawing member (4) is a cable,
wherein the manual unlocking device (1, 201) further comprises a slider mechanism (5) to which the cable is
secured, the slider mechanism (5) supporting the cable such that the cable is movable in a direction along the
linear motion, and
wherein the slider mechanism (5) is connected to the operating member (2) via the links (21, 22, 221, 222, 223).
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3. The manual unlocking device (1) of claim 2,
wherein the links (21, 22) include:

a first link (21) coupled at one end thereof to the operatingmember (2) such that the first link (21) is rotatable on a
coupling portion where the one end of the first link (21) is coupled with the operating member (2); and
a second link (22) coupled at one end thereof to the other end of the first link (21) such that the second link (22) is
rotatable on a coupling portion where the one end of the second link (22) is coupled with the other end of the first
link (21), and coupled at the other end thereof to the slider mechanism (5) such that the second link (22) is
rotatable on a coupling portion where the other end of the second link (22) is coupled with the slider mechanism
(5), and
wherein, as a result of the rotationalmotion of the operatingmember (2) from the locking position to the unlocking
position, an imaginary linesegment from theoneendof thefirst link (21) to theotherendof thefirst link (21), andan
imaginary line segment from the one end of the second link (22) to the other end of the second link (22) are
positioned on a straight line, so that the first and second links (21, 22) are at a dead center.

4. The manual unlocking device (1) of claim 3,

wherein theoperatingmember (2) is rotatable90degreesonasupport shaft (20)between the lockingpositionand
the unlocking position, and
wherein themanual unlocking device (1) further comprises agearmechanism (6) configured to reduce rotation of
the support shaft (20) by a predetermined reduction ratio and transmit the reduced rotation to the one end of the
first link (21).

5. The manual unlocking device (1) of claim 4,

wherein the gear mechanism (6) includes:

a driving gear (40) rotatably coupled with the support shaft (20) with a center of rotation thereof being placed
on the support shaft (20); and
a driven gear (50) having coupled with the one end of the first link (21) with a center of rotation thereof being
placed on the one end of the first link (21), the driven gear (50) meshing with the driving gear (40) to transmit
the rotational motion of the operating member (2) to the first link (21),
wherein the driving gear (40) has:

a gear portion (41) meshing with the driven gear (50); and
a positioning portion (42) being configured to place the driving gear (40) at an intended position when the
operating member (2) is at the locking or unlocking position, and
wherein the gear portion (41) and the positioning portion (42) are differently positioned on a circumference of an
imaginary circle centered on the support shaft (20) on which the driving gear (40) is rotatable.

6. The manual unlocking device (1) of claim 5,

wherein the drawingmember (4) is the cable configured tomove between a start point (P1) and an end point (P2)
in a direction along the linear motion, and
wherein the manual unlocking device (1) further comprises
a restriction wall (7) configured to restrict rotational motion of the driving gear (40) by contacting the driving gear
(40) before the cable reaches the start point (P1) or end point (P2) as a result of moving in the direction along the
linear motion.

7. The manual unlocking device (1) of any one of claims 4 to 6,
wherein the first link (21) is configured to rotate on a first shaft (25) that is parallel to the support shaft (20) and that is
positioned in the coupling portionwhere the one end of the first link (21) is coupledwith the operatingmember (2), and
wherein the first shaft (25) is positioned such that the first shaft (25) does not overlap a route of rotation of the second
link (22), when seen in a direction in which the first shaft (25) extends.

8. The manual unlocking device (201) of claim 2,
wherein the links (221, 222, 223) include:
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a first link (221) coupled at one end thereof to the operatingmember (2) such that the first link (221) is rotatable on
a coupling portion where the one end of the first link (221) is coupled with the operating member (2);
a second link (222) coupledat one end thereof to the other end of the first link (221) such that the second link (222)
is rotatable on a coupling portion where the one end of the second link (222) is coupled with the other end of the
first link (221), and coupled at the other end thereof to a stationary site such that the second link (222) is rotatable
on a coupling portion where the other end of the second link (222) is coupled with the stationary site; and
a third link (223) coupled at one end thereof to the one end of the second link (222) such that the third link (223) is
rotatable on a coupling portion where the one end of the third link (223) is coupled with the one end of the second
link (222) and coupled at the other end thereof to the slidermechanism (5) such that the third link (223) is rotatable
on a coupling portion where the other end of the third link (223) is coupled with the slider mechanism (5),
wherein, as a result of the rotationalmotion of the operatingmember (2) from the locking position to the unlocking
position, an imaginary line segment from the one end of the second link (222) to the other end of the second link
(222) and an imaginary line segment from the one end of the third link (223) to the other end of the third link (223)
are positioned on a straight line, so that the second and third links (222, 223) are at a dead center.

9. The manual unlocking device (201) of claim 8,

wherein the operating member (2) is rotatable on a support shaft (20) between the locking position and the
unlocking position, and
wherein the manual unlocking device (201) further comprises
a transmissionmember (209) configured to transmit rotation of the support shaft (20) to theoneendof the first link
(221).

10. Themanual unlocking device (201) of claim 8 or 9, wherein a length of the third link (223) from the one end to the other
end is less than a length of the second link (222) from the one end to the other end.
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