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(54) A planar reciprocating type parking system
(57) In a planar reciprocating type parking system a

carrier cart is adapted to travel reciprocally on a pair of
rails laid on a transport aisle and carry a car-mounting
tray. A plurality of car storage compartments are ar-
ranged in a row on each side of the transport aisle and
each accommodates a tray. A tray transfer device is
mounted on the carrier cart and is adapted to transfer
the tray between the carrier cart and the car storage
compartments. In a lift passage shaft communicating a
car entry/exit floor with car parking floors a lift is installed
which is adapted to raise or lower the tray. The lift is
located at an arbitrary position on the transport aisle cor-
responding to one of the car storage compartments. At
corners of the lift passage shaft guide rails are erected
that vertically guide the lift. Lifting members move up or
down the guide rails and are provided with support
members that project inwardly of the lift passage shaft
to support the tray. The pair of rails on the transport aisle
are divided by the lifting members at locations where the
lifting members pass through the rails. The divided por-
tions are used as passage portions for the lifting mem-
bers. The tray can be transferred between the lift and
the carrier cart as the lifting members of the lift move up
or down the guide rails. With such an arrangement the
overall construction of the parking system is simplified
and costs are reduced.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a multifloor,
planar reciprocating type parking system, in which a row
of car compartments is provided on each side of a trans-
port aisle on which a carrier cart reciprocates, thus effi-
ciently utilizing a plane, elongate in a lateral or longitu-
dinal direction.

Prior Art

[0002] Figure 1 shows the configuration of a conven-
tional planar reciprocating type parking system. In the
figure, reference numeral 2 represents a transport aisle
2, on which a pair of rails 5 for a carrier cart are laid.
Denoted 50 is a carrier cart which carries a tray and has
a total of four wheels 51, two each at the front and rear
on both sides, rolling on the paired rails 5 on the trans-
port aisle 2. On the carrier cart 50 is a laid transverse
rail, on which is mounted an automobile carrying tray 4.
Car compartments 3 for storing automobiles are ar-
ranged on either side of the transport aisle 2 and each
have a pair of transverse rails 39, on which a tray 4 is
mounted. A lift 6 is installed between car storage floors
and a car entry/exit floor to communicate the floors and
the car entry/exit. Designated 60 is a drive unit for trans-
ferring the tray 4 between the carrier cart 50 and the lift 6.
[0003] The carrier cart 50 has a tray transfer device
80 mounted thereon, which is disclosed in Japan Patent
Publication No. 33734/1995 previously filed by the in-
ventor of this invention. As shown in detail in Figure 2,
the tray transfer device 80 has a horizontally rotatable
arm 81 whose rotating center is located at the center of
the width of the carrier cart 50 and whose front end
projects into the car compartment 3 by a predetermined
dimension; an engagement member 82 erected up-
wardly at the free end of the rotary arm 81; and a drive
motor 83 having a reduction gear and serving as arotary
drive unit for driving the rotary arm 81. The rotary arm
81 is rotated to bring the engagement member 82 into
or out of engagement with an angle guide member 10
mounted on the underside of the tray 4 along the longi-
tudinal direction to transfer the tray 4 between the carrier
cart 50 and the associated car compartment 3.

[0004] In the conventional planar reciprocating type
parking system mentioned above, however, because of
the operation mechanism of the tray transfer device, a
tray that was drawn in from a car compartment in one
row cannot be transferred to a compartment in the op-
posite row. This necessitates the lift to be located in the
carrier cart transport aisle, making it impossible to effi-
ciently set the car entry floor at one corner of a building
or causing a dead space to be formed on the car entry
floor in a building. The conventional parking system
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therefore has a problem of being unable to make effi-
cient utilization of the installation space. It also requires
one drive unit for transfer of a tray between the carrier
cart and the lift and another for transfer between the lift
and the car compartments on each side of the lift, thus
making the parking system as a whole complex in con-
struction and costly.

[0005] Further, in the conventional planar reciprocat-
ing type parking system, because the tray transfer de-
vice cannot feed the tray in the direction of travel of the
carrier cart, when the lift is installed at the end of the
transport aisle according to the installation requirements
of aparking lot, it is necessary to provide additional drive
unit for transferring the tray between the carrier cart and
the lift. When the lift is installed in an intermediate part
of the transport aisle, the transport aisle and its paired
rails are divided by the lift passage shaft, so that the
divided transport aisles must each be provided with a
dedicated carrier cart and a tray transfer device mount-
ed on each carrier cart and also with a drive unit for
transferring the tray between each carrier cart and the
lift, thus rendering the construction of the parking sys-
tem as a whole complicated and costly.

[0006] Further, in the conventional planar reciprocat-
ing type parking system, because the tray is transferred
directly between the carrier cart and the lift, when cars
are taken out of the same parking floor successively, it
is necessary, at each exit of a car, to transfer the vacant
tray, which was used to carry a car to the exit, from the
lift onto the carrier cart and return it into the car storage
compartment. Hence, the operation of moving the next
car to the exit cannot be started while the first car exiting
operation is under way, making it impossible to perform
successive exiting operations swiftly. Likewise, when
two or more cars are moved into the same parking floor,
the operation of entering the next car cannot be started
while the first car entry operation is under way, rendering
the successive car entering operations slow.

OBJECT OF THE INVENTION

[0007] The presentinvention has been accomplished
to solve the above-mentioned problems experienced
with the prior art and its primary objective is to provide
a planar reciprocating type parking system in which if
the lift is located at an arbitrary position on the transport
aisle, the carrier cart can travel reciprocally over the en-
tire transport aisle and the tray can be transferred be-
tween the carrier cart and the lift without requiring any
additional drive unit, thus realizing a simple construction
of the parking system as a whole and reduction in cost.
[0008] A second objective of this invention is to pro-
vide a planar reciprocating type parking system, in
which, when a plurality of cars are successively moved
into or out of the same parking floor, the preparation for
moving the next car into or out of the parking floor can
be made while the entry or exit operation of the first car
is under way, thus allowing swift continuous entry or exit
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of cars.
SUMMARY OF THE INVENTION

[0009] To achieve the above objectives, the planar re-
ciprocating type parking system of this invention is char-
acterized in that the lift is located at an arbitrary position
on the transport aisle corresponding to one of the car
storage compartments; that at four corners of a lift pas-
sage shaft are erected guide rails that vertically guide
the lift, and lifting members move up or down the guide
rails and are provided with support members that project
inwardly of the lift passage shaft to support the tray at
four points; that the pair of rails on the transport aisle
are divided by the lifting members at locations where the
lifting members pass through the rails, and the divided
portions are used as passage portions for the lifting
members; and that the tray can be transferred between
the lift and the carrier cart as the lifting members of the
lift move up or down the guide rails.

[0010] With this arrangement, if the lift is located at an
arbitrary position on the transport aisle, the carrier cart
can travel reciprocally over the entire transport aisle and
the tray can be transferred between the carrier cart and
the lift without requiring any additional drive unit, thus
realizing a simple construction of the parking system as
a whole and reduction in cost. This offers a significant
practical advantage.

[0011] Further, the planar reciprocating type parking
system of this invention is characterized in that the lift
is located at one end of the transport aisle; that the park-
ing system includes a first tray transfer device mounted
on the carrier cart to transfer the tray between the carrier
cart and the car storage compartments on both sides of
the transport aisle, second tray transfer devices in-
stalled between the car storage compartments on both
sides of the lift and the car storage compartments ad-
joining these lift-side car storage compartments to trans-
fer the tray between these compartments, and third tray
transfer devices installed in the car storage compart-
ments on both sides of the lift to transfer the tray be-
tween the car storage compartments on both sides of
the lift and the lift; and that one of the car storage com-
partments on each floor is set as a dead space with no
tray installed to allow the trays to be moved in circula-
tion.

[0012] With this arrangement, when a plurality of cars
are to be moved into or out of the same parking floor
successively, it is possible to transfer the trays from the
car storage compartments onto the carrier cart and for-
ward them from the carrier cart to the lift successively
through second and third tray transfer devices arranged
on one side of the aisle and, at the same time, to transfer
the trays returned from the lift onto the carrier cart
through second and third tray transfer devices arranged
on the other side of the aisle and forward them to the
car storage compartments successively. The trays can
thus be moved in circulation on each parking floor, al-
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lowing the preparation for the next car entry or exit op-
eration to be made while the first car entry or exit oper-
ation is being performed. The entry or exit of two or more
cars therefore can be made swiftly and continuously.
[0013] The present invention will be described in
greater detail in conjunction with preferred embodi-
ments by referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE ATTACHED
DRAWINGS

[0014]

Figure 1 is a plan view of an example of a conven-
tional planar reciprocating type parking system;
Figure 2 is a plan view of a tray transfer device used
in the conventional parking system;

Figure 3 is a plan view of a planar reciprocating type
parking system ;

Figure 4 is a side view of a tray transfer device
mounted on a carrier cart ;

Figure 5 is a plan view showing a part of the tray
pulling operation performed by the tray transfer de-
vice

Figure 6 is plan views showing a series of steps for
switching engagement of an engagement member
of the tray transfer device from a first guide member
to a second guide member as the carrier cart ; in
which

Figure 6(a) shows a state, in which one of the trays
in the left row of car storage compartments is pulled
out from the compartment onto the carrier cart and
locked there and the carrier cart is about to move;
Figure 6(b) shows a state, in which as the carrier
cart 1 travels, arotary arm s driven by a servo motor
to rotate in a direction opposite to the direction in
which it was rotated to pull out the tray;

Figure 6(c) shows a state, in which as the carrier
cart travels, the rotary arm is stopped when a roller
is aligned with a second guide member IOb; and
Figure 6(d) shows a state, in which as the carrier
cart travels, the engagement member engages with
the second guide member and remains engaged
until the carrier cart traveling on the transport aisle
reaches the lift;

Figure 7 is a plan view showing the process of push-
ing out the tray as performed by the tray transfer
device, following the operation of Figure 5, in the
parking system of the first embodiment;

Figure 8 is a plan view showing another process of
transferring the tray as performed by the tray trans-
fer device in the parking system of the embodiment
according to Fig.3-7;

Figure 9 is a partial plan view showing one parking
floor of a first embodiment of the planar reciprocat-
ing type parking system;

Figure 10is an enlarged plan view of the carrier cart,
the lift passage shaft and the lift in the first embod-
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iment of the parking system;

Figure 11 is an enlarged front view of the lift pas-
sage shaft and the lift, as seen from the car com-
partment side, in the first embodiment of the parking
system;

Figure 12 is an enlarged side view of the lift passage
shaft, the car compartment and the lift in the first
embodiment of the parking system;

Figure 13(a) is a side view showing an example op-
eration of transferring the tray between the lift and
the carrier cartin the first embodiment of the parking
system;

Figure 13(b) is a side view showing another opera-
tion of transferring the tray between the lift and the
carrier cart in the first embodiment of the parking
system;

Figure 14 is a plan view of the planar reciprocating
type parking system as a second embodiment of
this invention;

Figure 15(a) is a partial side view showing the sec-
ond and third tray transfer devices in the second
embodiment of the parking system; and

Figure 15(b) is a partial side view showing the car-
rier cart on the transport aisle and the car compart-
ment in the second embodiment of the parking sys-
tem.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] Figure 3 shows the construction of the planar
reciprocating type parking system . In the figure, refer-
ence number 1 represents a self-propelled carrier cart
that carries a tray 4 on which a car is mounted. Denoted
2 is a transport aisle, on which is laid a pair of rails 5 on
which the carrier cart 1 can travel reciprocally. On each
side of the transport aisle 2 is arranged a row of car stor-
age compartments 3, each of which accommodates a
tray 4 therein. A lift 6 extends through its lift passage
shaft 7 and communicates with a car entry/exit floor. The
lift 6 is located at one end of one of the car storage com-
partment rows (on the right side in Figure 3).

[0016] In this parking system, mounted on the carrier
cart 1 is a tray transfer device 11 that transfers the tray
4 between the carrier cart 1 and respective car storage
compartments 3 and between the carrier cart 1 and the
lift 6, and which includes a rotary arm 12, an engage-
ment member 13 of the rotary arm 12, a rotary drive unit
14 for the rotary arm 12, and a vertical drive unit 16 for
the engagement member 13.

[0017] The rotary arm 12 has its rotating center set at
a predetermined position at a center of the width of the
carrier cart 1 and is disposed horizontally rotatable. The
rotary arm 12 has a length such that when it is rotated,
its front end projects into the car storage compartment
3 by a predetermined dimension.

[0018] The engagement member 13 of the rotary arm
12, as shown in Figure 4, comprises a roller 8 and its
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support shaft 9, with the support shaft 9 inserted from
above through an insert hole 12a at the free end of the
rotary arm 12 and connected, vertically movable, to the
vertical drive unit 16. The roller 8 is tapered so that its
diameter is progressively reduced from the bottom to-
ward the top and is shaped as a whole like a truncated
cone.

[0019] The rotary drive unit 14 for the rotary arm 12
includes a servo motor whose rotating shaft 15, as
shown in Figure 4, is mounted with the rotary arm 12. In
the rotating operation of the rotary arm 12, its rotation
stop position is controlled by a pulse signal.

[0020] The vertical drive unit 16 for the engagement
member 13, as shown in Figure 4, has a drive motor 20,
such as a linear head motor, and a drive shaft 21 linearly
driven by the drive motor 20, and is mounted on the un-
derside of the free end of the rotary arm 12 below the
engagement member 13, with the support shaft 9 of the
engagement member 13 and the drive shaft 21 coupled.
In the figure, designated 17 is a power cord connected
at one end to the drive motor 20 and at the other end
through the rotary arm 12 to a collector 18 that projects
on the pivotably supported side of the rotary arm 12. The
collector 18 is connected to a power supply through an
output terminal 19 of the servo motor 14 of the rotary
drive unit. This connection structure of the collector 18
and the feeder 19 does not block the rotation of the ro-
tary arm 12. The vertical drive unit 16 for the engage-
ment member 13 may be constructed of a motor-driven
cylinder and a solenoid instead of the linear head motor.
[0021] The vertical drive unit 16 may also be made as
a means for vertically moving the entire rotary arm 12,
not just the engagement member 13, and may be pro-
vided on the rotary drive unit 14 side. In this case, the
support shaft 9 of the engagement member 13 is fixed,
and the drive motor 20 for vertically moving the engage-
ment member 13 and the cord 17 for connecting the
drive motor to the power supply through the collector 18
are obviated.

[0022] The tray transfer device 11 of the above con-
struction is mounted on the carrier cart 1. The car mount-
ing tray 4 has on its underside a pair of angle guide
members 10 separated in a tray width direction and ar-
ranged at both sides of the tray in such a way that the
angle guide members 10 can be engaged by the en-
gagement member 13 of the tray transfer device 11. The
both ends of these angle guide members 10 are open
and expanded outwardly, as shown in Figure 2 of the
prior art, to ensure that the circling engagement member
13 can reliably fit into the guide member. In the descrip-
tion that follows, at the underside of the tray 4, the angle
guide member 10 located on the inner side, which is
closer to the transport aisle 2, is referred to as a first
guide member 10a and the angle guide member 10 on
the opposite outer side as a second guide member 10b.
[0023] Next, the operation of the planar reciprocating
type parking system will be explained by referring to Fig-
ure 3 to Figure 9. In moving cars into or out of the parking
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system, let us first explain briefly about a series of tray
transfer steps, ranging from taking out a tray 4 from a
car storage compartment 3 situated at the far end on the
right side in Figure 3 (top of Figure 3) to placing the tray
4 on the lift 6 situated in the same row as the car storage
compartment 3 from which the tray 4 was taken out. In
the following description, a series of operation steps for
forwarding the tray 4 to the same side as the compart-
ment from which the tray was taken is called a first tray
transfer operation. In this operation, the carrier cart 1 is
moved to a position on the transport aisle 2 in front of
the compartment at the far end on the right side, after
which the rotary arm 12 is rotated toward the compart-
ment 3 (counterclockwise in Figure 3) to cause the en-
gagement member 13 to engage the first guide member
10a on the underside of the tray 4. The engagement
member 13, as it circles together with the rotary arm 12
along the first guide member 10a, pulls out the tray 4
from the compartment onto the carrier cart 1. When the
tray 4 is transferred completely onto the carrier cart 1,
it is locked by a tray lock device not shown. Then, with
the engagement member 13 and the first guide member
10a kept engaged, the carrier cart 1 travels to a position
in front of the lift 6. Then the rotary arm 12 is pivoted
backward (clockwise in Figure 3) to push out the tray 4
onto the lift 6. A series of steps for transferring the tray
4 from the lift 6 onto the carrier cart 1 and forwarding it
to a desired compartment 3 in the same row as the lift
is performed in the similar way to the above-mentioned
first tray transfer operation. Further, the tray forwarding
between the car storage compartments 3 in the same
row, rather than between the lift 6 and the compartment,
is carried out in the same way as the first tray transfer
operation.

[0024] Next, a series of tray transfer operation steps
for taking out a tray 4 from the car storage compartment
3 situated at the far end on the left side in Figure 3 and
forwarding it onto the lift 6 situated at a row opposite the
row of the compartment from which the tray 4 was taken
out, will be explained in detail. In the following descrip-
tion, a series of steps for forwarding a tray to a side op-
posite the side of the source compartment from which
the tray was taken out is called a second tray transfer
operation.

[0025] In Figure 3, the carrier cart 1 travels by its own
power on the transport aisle 2 and stops at the far end
(in Figure 3, at the top). Next, in the tray transfer device
11 of the carrier cart 1, the servo motor 14 is activated
to rotate its shaft 15, causing the rotary arm 12 to turn
(clockwise in Figure 3) from the initial home position
where it is parallel to the transport aisle 2 toward the car
storage compartment 3 on the left. When front end of
the pivoting rotary arm 12 enters into the car storage
compartment 3 and the rotary arm 12 as a whole be-
comes perpendicular to the row of the compartments,
the engagement member 13 fits into one end of the first
guide member 10a on the underside of the tray 4 ac-
commodated in the car storage compartment 3. As
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shown in Figure 5, as the rotary arm 12 continues piv-
oting, the engagement member 13 moves along the first
guide member 10a pulling out the tray 4 toward the car-
rier cart 1. When the rotary arm 12 rotates to a position
where itis parallel to the longitudinal direction of the tray
4, the engagement member 13 comes close to the end
of the first guide member 10a of the tray 4. As the rotary
arm 12 further pivots, the engagement member 13
moves along the first guide member 10a in the opposite
direction. The rotary arm 12 is pivoted in this way until
the tray 4 is completely transferred onto the carrier cart
1, at which time it stops pivoting. Then, the tray 4 is
locked by the tray lock means (not shown) and held in
this state.

[0026] When the tray 4 is placed on the carrier cart 1,
the carrier cart 1 moves by its own power on the trans-
port aisle 2 toward the lift 6, as shown by the arrows in
Figure 6(a) to 6(d). Figure 6(a) shows a state, in which
one of the trays in the car storage compartments on the
left side is pulled out onto the carrier cart 1 and locked
there and the carrier cart 1 is about to move. While the
carrier cart 1 is moving, the vertical drive unit 16 for the
engagement member 13 in the tray transfer device 11
is activated. That is, the drive motor 20 drives the drive
shaft 21 downwardly, causing the support shaft 9 of the
engagement member 13 connected to the drive shaft 21
to move down toward the underside of the rotary arm
12. With the lowering movement of the support shaft 9,
the roller 8 moves down to a position where it contacts
the upper surface of the rotary arm 12 (the position in-
dicated by a two-dot line in Figure 4) and disengages
from the first guide member 10a, at which time the drive
motor 20 is stopped. When the engagement member 13
disengages from the tray 4, the servo motor 14 is acti-
vated to pivot the rotary arm 12 in a direction as shown
in Figure 6(b) (counterclockwise in Figure 3), opposite
to the direction in which it was pivoted when the tray 4
was pulled out. Then, the rotary arm 12 is stopped when
the roller 8 is aligned with another guide member, or sec-
ond guide member I0Ob, as shown in Figure 6(c). The
drive motor 20 of the vertical drive unit 16 is operated
again to drive the drive shaft 21 upward, causing the
support shaft 9 and roller 8 of the engagement member
13 to move above the upper surface of the rotary arm
12 (indicated by a solid line in Figure 4) to insert the
roller 8 into the second guide member 10b from blow for
engagement. Because the roller 8 is shaped like a trun-
cated cone, i.e., tapered so that its diameter progres-
sively decreases from the bottom toward the top, if there
is some deviation between the stop position of the rotary
arm 12 and a position immediately below the second
guide member 10b, a smooth engagement can be ob-
tained between the engagement member 13 and the
second guide member 10b. Once the engagement
member 13 and the second guide member 10b engage,
they are held in that state until the carrier cart 1 traveling
on the transport aisle 2 reaches the lift 6, as shown in
Figure 6(d).
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[0027] While the carriercart 1 is traveling, the engage-
ment of the engagement member 13 is switched from
the first guide member 10a to the second guide member
10b. When the carrier cart 1 comes in front of the lift 6,
it is stopped and the tray 4 is unlocked. In the tray trans-
fer device 11, the servo motor 14 is started to pivot the
rotary arm 12 toward the lift 6 (clockwise in Figure 3),
causing the engagement member 13 to move along the
second guide member 10b, pushing out the tray 4 from
the carrier cart 1 toward the lift 6. When the rotary arm
12 pivots to a position where it is parallel to the longitu-
dinal direction of the tray 4, the engagement member
13 comes close to the end of the second guide member
10b and the tray 4 projects from the carrier cart 1 into
the lift 6 by a distance equal to about half the width of
the tray 4. As the rotary arm 12 continues to pivot, the
engagement member 13 moves along the second guide
member 10b in the opposite direction. When the rotary
arm 12, which is pushing the tray 4 as shown in Figure
7, reaches a predetermined rotating angle, the tray 4 is
completely transferred onto the lift 6. At the same time,
the engagement member 13 comes off the second guide
member 10b of the tray 4 and the rotary arm 12 is piv-
oted to the initial home position on the carrier cart 1
where it is stopped. The tray 4 that was moved from the
left row to the right row in Figure 3 has the positional
relation of the first and second guide members 10a, 10b
reversed. That is, after the tray 4 has been transferred
from one side to the other, the guide member on the in-
ner side closer to the transport aisle 2 is the first guide
member 10a and the one on the outer side is the second
guide member 10b, so that the positions of the guide
members are opposite to those before the transfer.
[0028] Figure 8 shows an example forwarding opera-
tion, in which a tray 4 is transferred from a car storage
compartment 3 at the far end of the left-hand side row
to a compartment 3 at the near end of the right-hand
side row. In this series of steps, too, the components of
the system perform the similar tray transfer operation to
the one described above.

[0029] In the configuration of Figure 3, the similar op-
eration is also performed when transferring the tray 4
from the lift 6 to the carrier cart 1 and forwarding it to a
compartment 3 in a different row than that of the lift 6,
or when transferring the tray 4 between the compart-
ments 3 of different rows.

[0030] As explained above, this embodiment is con-
structed to be able to perform the first tray transfer op-
eration and the second tray transfer operation. With the
lift 6 installed at an arbitrary location in a row of car stor-
age compartments 3 and with the tray transfer device
11 mounted on the carrier cart 1 that travels back and
forth on the transport aisle 2, the first tray transfer oper-
ation involves pulling out a tray 4 from a car storage
compartment 3 or the lift 6 onto the carrier cart 1 by the
pivoting action of the rotary arm 12 whose engagement
member 13 slides along the first guide member 10a, and
then pivoting the rotary arm 12 toward the lift 6 or com-
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partment 3 in the same row as the source compartment
from which the tray 4 was pulled out, with the engage-
ment member 13 and the first guide member 10a kept
engaged, to forward the tray 4 to the lift 6 or compart-
ment 3 in the same row of the source compartment. The
second tray transfer operation involves switching the
engagement of the engagement member 13 from the
first guide member 10a to the second guide member 10b
and pivoting the rotary arm 12 toward the lift 6 or com-
partment 3 in a row opposite the row of the source com-
partment from which the tray 4 was pulled out, to forward
the tray 4 to the lift 6 or compartment 3 in the opposite
row. This arrangement makes it possible to forward the
tray 4 between car storage compartments 3 in the same
row or between compartments 3 in different rows, or be-
tween the compartment 3 and the lift 6 by operating only
the tray transfer device 11 on the carrier cart 1, allowing
swift and smooth car entry or exiting to or from the park-
ing system.

[0031] With this configuration of the parking system,
because the lift 6 can be located at any arbitrary position
in a row of car storage compartments 3, the car entry
floor can be set at a corner of a building, thus permitting
efficient use of space in the building. The parking system
therefore can be installed efficiently in a confined space.
Furthermore, because no additional drive unit is re-
quired for transferring the tray between the lift 6 and the
carrier cart 1, the parking system as a whole has a sim-
ple construction and reduced cost.

(Embodiment 1)

[0032] Figure 9 to Figure 12 show constitutional ele-
ments of a multifloor planar reciprocating type parking
system as a first embodiment of this invention. Figure 9
is a partial plan view of one parking floor of this parking
system. Figure 10 is an enlarged plan view of the carrier
cart, lift passage shaft and lift of Figure 9. Figure 11 is
an enlarged side view, as seen from the compartment
side, showing the lift passage shaft and the lift. Figure
12is an enlarged end view, as seen from the lift passage
shaft side, showing the lift passage shaft and the lift.
[0033] In Figures 9 to 12, components identical with
those of the embodiment according to Figures 3 to 8 are
given like reference numbers. In Figure 9, reference
number 2 represents a transport aisle, and reference
number 1 denotes a self-propelled carrier cart traveling
back and forth on the transport aisle 2. Denoted 25 is a
tray transfer device mounted on the carrier cart 1. Car
storage compartments 3 are arranged in two rows, one
on each side of the transport aisle 2 and each of these
compartments accommodates a tray 4. Designated 7 is
a lift passage shaft that is located at an arbitrary position
on the transport aisle 2 corresponding to a specified car
storage compartment 3 and communicates the car en-
try/exit floor E (see Figure 11 and 12) with each parking
floor. Denoted 6 is a lift installed in the lift passage shaft
7.
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[0034] A pair of rails 5 for the carrier cart are laid on
both sides of the transport aisle 2 and are divided by the
lift passage shaft 7 into two pairs of rail portions 5a and
5b-arranged on transport aisles 2A and 2B, respectively,
both making up the transport aisle 2 divided by the lift
passage shaft 7-and also into a pair of rail portions 5c
arranged on the lift passage shaft 7. Between the rail
portions 5c on the lift passage shaft 7 and the rail por-
tions 5a, 5b on the divided transport aisles on both sides
of the lift passage shaft 7 are formed passage portions
30 of a predetermined gap that allow the lift 6 to pass
through the rails 5.

[0035] The carrier cart 1, as shown in Figure 10, in-
cludes a cart frame 22 as a structural skeleton and a
pair of transverse rails 23 for the tray 4 that are laid in
width direction at the longitudinal ends of the cart frame
22. The cart frame 22 has a total of eight rotatably sup-
ported wheels 24, four on each of the widthwise-sepa-
rated sides, two each at the front and rear, assuming
positions corresponding to the paired rails 5 on the
transport aisle 2.

[0036] In this first embodiment, the tray transfer de-
vice 25 mounted on the carrier cart 1 has the same con-
struction as the tray transfer device 80 of the prior art.
The identical components with those of the prior art are
assigned like reference numbers and their explanations
are omitted. The trays 4 are each provided at its under-
side with angle guide members 10 which an engage-
ment member 82 of the tray transfer device 25 is adapt-
ed to engage. In this embodiment, the tray transfer de-
vice may use the same type of device as the tray transfer
device 11 of the embodiment according to Figures 3 to 8.
[0037] In Figure 9, the lift 6 includes a total of four
guide rails 26 erected at four corners of the lift passage
shaft 7; a pair of lifting members 27 arranged in the lift
passage shaft 7 in the width direction of the transport
aisle 2 at the front and rear sides of the carrier cart 1
and guided vertically along the guide rails 26; support
members 28 projecting inwardly of the lift passage shaft
7 from the ends of the lifting members 27 to support the
trays 4 at four points; and a vertical drive unit 29 to drive
the paired lifting members 27 vertically (refer to Figure
13 and 14). These components will be explained with
reference to Figure 11 and 12.

[0038] The four guide rails 26 are each made of a col-
umn member, H-shaped or U-shaped in cross section
and erected outside the paired rails 5 with their open
faces directed perpendicularly to the longitudinal direc-
tion of the transport aisle 2.

[0039] The pair of lifting members 27 are each dis-
posed between the opposing guide rails 26 located at
the widthwise-separated sides of the lift passage shaft
7 so that they can pass through the passage portions
30 of the paired rails 5. The ends of the paired lifting
members 27 are connected to slidable lifting rods 32
through guide rollers 31 on the guide rails 26. The sup-
port members 28 mounted to the lifting members 27 are
situated inside the paired rails 5 and have upwardly pro-
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truding engagement projections 33 at their front ends.
[0040] The vertical drive unit29 includes a drive motor
34 with a reduction gear, a sprocket 35, a counter weight
36 and a drive chain 37. The drive chain 37 is connected
to the lifting rods 32 to vertically drive the lifting rods 32
and therefore the paired lifting members 27.

[0041] In this construction of the lift 6, the tray 4 has
formed on the longitudinal sides of its undersurface en-
gagement recesses 38 that can accept the engagement
projections 33 of the support members 28, as shown in
Figure 11 and 12.

[0042] In Figure 9, in each car storage compartment
3 are laid a pair of transverse rails 39 corresponding to
the transverse rails 23 of the carrier cart 1 so that, as
shown in Figure 11, the tray 4 can be moved on the
transverse rails 39 through rollers 40.

[0043] Next, the operation of this planar reciprocating
type parking system will be explained by referring to Fig-
ure 9 and Figure 13. Figure 13 shows a part of the tray
transfer operation between the lift 6 and the carrier cart
1.

[0044] Inthe process of moving a car into or out of the
parking system, let us first explain about a series of
steps, from taking the tray 4 out of a car storage com-
partment 3 other than the compartments adjoining the
lift passage shaft 7 on both sides (this compartment is
called a source compartment 3) to putting the tray 4 on
the lift 6.

[0045] In Figure 9, at first the carrier cart 1 is moved
on the paired rails 5 on the transport aisle 2 to a position
in front of the source compartment 3. Then, in front of
the source compartment 3, the tray transfer device 25
is operated to pivot the rotary arm 81 to pull out the tray
4 onto the carrier cart 1. The tray 4, after it was com-
pletely transferred onto the carrier cart 1, is locked by a
tray lock device not shown. With the engagement mem-
ber 82 and the angle guide member 10 engaged, the
carrier cart 1 travels on the transport aisle 2 toward the
lift passage shaft 7

[0046] As the carrier cart 1 enters into the lift passage
shaft 7, the front wheels 24 on both sides of the carrier
cart 1 reach the passage portions 30 between the rail
portions 5a or 5b and the rail portions 5¢ and pass over
the passage portions 30 without falling, with the suc-
ceeding six wheels 24, three on each side, supporting
the carrier cart 1 on the rails 5. The next pair of wheels
24 that have reached the passage portions 30 similarly
pass over the passage portions 30, supported by other
wheels running on the rails 5. After all the wheels 24
have passed onto the rail portions 5c in the lift passage
shaft 7, the carrier cart 1 is stopped. Then, as shown in
Figure 13(a), the lift 6 moves up the lift passage shaft 7
from below the carrier cart 1. That is, the paired lifting
members 27 move up the lift passage shaft 7 and when
the support members 28 contact the underside of the
tray 4 on the carrier cart 1, the engagement projections
33 and the engagement recesses 38 engage, securely
supporting the tray 4 and lifting it upward from the carrier
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cart 1. As the tray 4 is lifted, the engagement member
82 of the tray transfer device 25 disengages from the
angle guide member 10 on the underside of the tray 4.
Then, the lift 6 moves up the lift passage shaft 7 to the
car entry/exit floor E where the car is moved into or out
of the parking system.

[0047] When the tray 4 is to be transferred from a
compartment 3 on either side of the lift passage shaft 7
onto the lift 6, the carrier cart 1 is first moved into the lift
passage shaft 7 and then the tray transfer device 25 is
operated to pull out the tray 4 from the compartment 3
onto the carrier cart 1. Next, the lift 6 is moved up from
below the carrier cart 1 to lift the tray 4 from the carrier
cart 1, thus achieving the transfer of the tray.

[0048] Next, in the process of moving a car into or out
of the parking system, we will explain about a series of
steps, from transferring the tray 4 from the lift 6 onto the
carrier cart 1 to forwarding it into a desired compartment
3 (this compartment is called a destination compartment
3).

[0049] In Figure 9, the lift 6 carrying the tray 4 is
moved up or down the lift passage shaft 7 to the desired
floor and is stopped at a predetermined position higher
than the destination floor. Next, the carrier cart 1 is
moved on the paired rails 5 passing over the passage
portions 30 and entering into the lift passage shaft 7.
Then, as shown in Figure 13(b), the lift 6 is lowered in
the lift passage shaft 7 from above the carrier cart 1.
That is, the paired lifting members 27 move down the
lift passage shaft 7, lowering the tray 4-which is support-
ed and locked on the support members 28-onto the car-
rier cart 1. At the same time, the engagement member
82 is inserted from below into the angle guide member
10 on the underside of the tray 4. During this process,
the lifting members 27 pass the sides of the carrier cart
1, causing the support members 28 to part from the tray
4, and the lift 6 is lowered below the carrier cart 1.
[0050] Next, the carrier cart 1 travels on the paired
rails 5 on the transport aisle 2 to the front of the desti-
nation compartment.3. At the front of the destination
compartment 3, the tray transfer device 25 is operated
to pivot the rotary arm 81 toward the compartment 3,
pushing the tray 4 from the carrier cart 1 into the desti-
nation compartment 3 so that the tray 4 is placed on the
transverse rails 39.

[0051] When the tray 4 is to be transferred from the
lift 6 to a compartment on either side of the lift passage
shaft 7, the process involves transferring the tray 4 from
the lift 6 onto the carrier cart 1 and then operating the
tray transfer device 25 to cause the tray 4 to move from
the carrier cart 1 into the car storage compartment 3.
[0052] As described above, in this embodiment, the
lift 6 includes a total of four guide rails 26 erected at four
corners of the lift passage shaft 7; a pair of lifting mem-
bers 27 arranged in the lift passage shaft 7 in the width
direction of the transport aisle 2 at the front and rear
sides of the carrier cart 1 and guided vertically along the
guide rails 26; support members 28 projecting inwardly
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of the lift passage shaft 7 from the ends of the lifting
members 27 to support the trays 4 at four points; and a
vertical drive unit 29 to drive the paired lifting members
27 vertically. The pair of rails 5 on the transport aisle 2
are divided by the pair of lifting members 27 and the pas-
sage portions 30 are provided at the divided points. The
carrier cart 1 are supported on the rails 5 by a total of
eight wheels 24, four on each side at the front and rear.
Because of this construction, if the lift passage shaft 7
is located at an intermediate position of the transport
aisle 2 in front of an arbitrary car storage compartment
3, the carrier cart 1 can move back and forth over the
entire transport aisle 2 by passing through the lift pas-
sage shaft 7, making it possible to transfer the tray 4
between the carrier cart 1 and the lift 6 without using any
additional drive unit. Further, because the support mem-
bers 28 of the lift 6 are each provided with an engage-
ment projection 33 for engagement with the engage-
ment recess 38, the tray 4 can be reliably supported on
the lift 6 without being dislocated.

[0053] If the lift passage shaft 7 is set at an interme-
diate part of the transport aisle 2, therefore, there is no
need to add another carrier cart 1 or tray transfer device
25 or to install a dedicated tray transfer device between
the carrier cart 1 and the lift 6, thus simplifying the overall
construction of the parking system and reducing the
cost.

[0054] While in this embodiment the lift passage shaft
7 for the lift 6 is set at an intermediate location on the
transport aisle 2, it is also possible to locate it at an end
of the aisle. In this case, too, the tray 4 can be trans-
ferred directly between the carrier cart 1 and the lift 6,
requiring no additional drive unit and realizing a simpli-
fied structure and reduced cost of the parking system
as a whole.

(Embodiment 2)

[0055] Figure 14 shows the construction of the planar
reciprocating type parking system as a second embod-
iment of this invention. This parking system consists of
a plurality of parking floors, each of which has the con-
struction of Figure 14, except for the car entry/exit floor.
[0056] In Figure 14, designated 2 is a transport aisle,
which is arranged at a central-when viewed widthwise-
part of each of elongate parking floors and extends in
the longitudinal direction. On the transport aisle 2 are
laid a pair of rails 5, which are provided with a feeder
(not shown) for the carrier cart. A self-propelled carrier
cart 1 for carrying a car-mounting tray 4 is put on the
rails 5 on the transport aisle 2 and supplied with elec-
tricity through a collector (not shown) on the carrier cart
1 and a feeder on the rails 5, and runs reciprocally on
the rails 5. On either side of the transport aisle 2 there
is arranged a row of car storage compartments 3, each
of which has a pair of transverse rails 39, on which the
tray 4 can be placed as shown in Figure 15(b). The right-
hand side of the transport aisle 2 is referred to as an R
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side and the left-hand side as an L side for distinction.
Each of the trays 4 is mounted on its undersurface with
a pair of angle guide members 10 at widthwise separat-
ed sides. The both ends of these angle guide members
10 are open and expanded outwardly, as shown in Fig-
ure 2, so that pivoting engagement members 13, 48 of
the tray transfer devices 11, 46R, 46L to be described
later can reliably fit into the angle guide members 10. In
the following explanation, the angle guide member 10
on the underside of the tray 4 situated at a side closer
tothe transport aisle 2 is referred to as a first guide mem-
ber 10a and the angle guide member 10 at the opposite
side as a second guide member 10b. A lift 6 communi-
cates the car entry/exit floor with each of the parking
floors. A lift passage shaft 7 is installed at one end of
the transport aisle 2. The car storage compartments 3
on both sides of the lift 6 are set as lift connecting com-
partments 3aR, 3aL; and the car storage compartments
3 adjoining the lift connecting compartments 3aR, 3alL
are set as tray longitudinal forwarding compartments
3bR, 3bL. In this parking system, the lift connecting com-
partment 3aR and tray longitudinal forwarding compart-
ment 3bR on the R side are used as car exiting com-
partments; and the lift connecting compartment 3aL and
tray longitudinal forwarding compartment 3bL on the L
side are used as car entry compartments.

[0057] The carrier cart 1 has mounted thereon a first
tray transfer device 11 that transfers the tray 4 between
the carrier cart 1 and the compartments 3 on the R and
L sides. The first tray transfer device 11 includes a rotary
arm 12, an engagement member 13 at the free end of
the rotary arm 12, a rotary drive unit (servo motor) 14
for the rotary arm 12, and a vertical drive unit 16 for the
engagement member 13. Denoted 41 is a tray lock de-
vice for locking the tray 4 mounted on the carrier cart 1.
The first tray transfer device 11 is of the same type as
the one used in the embodiment according to Figures 3
to 8, and thus the construction and the working will be
explained by referring to Figure 4 to 7 as required.
[0058] The rotary arm 12 has its rotating center set at
a predetermined position at a center of the width of the
carrier cart 1 and is disposed horizontally rotatable. The
rotary arm 12 has a length such that when it is rotated,
its front end projects into the car storage compartment
3 by a predetermined dimension.

[0059] The engagement member 13 of the rotary arm
12, as shown in Figure 4, comprises a roller 8 and its
support shaft 9, with the support shaft 9 inserted from
above through an insert hole 12a at the free end of the
rotary arm 12 and connected, vertically movable, to the
vertical drive unit 16. The roller 8 is tapered so that its
diameter is progressively reduced from the bottom to-
ward the top and is shaped as a whole like a truncated
cone.

[0060] The rotary drive unit 14 for the rotary arm 12 is
a direct-coupled servo motor whose rotating shaft 15,
as shown in Figure 4, is mounted with the rotary arm 12.
In the rotating operation of the rotary arm 12, its rotation
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stop position is controlled by a pulse signal.

[0061] The vertical drive unit 16 for the engagement
member 13, as shown in Figure 4, has a drive motor 20,
such as a linear head motor, and a drive shaft 21 linearly
driven by the drive motor 20, and is mounted on the un-
derside of the free end of the rotary arm 12 below the
engagement member 13, with the'support shaft 9 of the
engagement member 13 and the drive shaft 21 coupled.
In the figure, designated 17 is a power cord connected
at one end to the drive motor 20 and at the other end
through the rotary arm 12 to a collector 18 that is mount-
ed on the pivotably supported side of the rotary arm 12.
The collector 18 is connected to a power supply through
a feeder 19 at the top of the direct-coupled servo motor
14 of the rotary drive unit. This connection structure of
the collector 18 and the feeder 19 does not block the
rotation of the rotary arm 12. The vertical drive unit 16
for the engagement member 13 may be constructed of
a motor-driven cylinder and a solenoid instead of the lin-
ear head motor.

[0062] The vertical drive unit 16 may also be formed
as a means for vertically moving the entire rotary arm
12, not just the engagement member 13, and may be
provided on the rotary drive unit 14 side, as shown by
an imaginary line in Figure 4. In this case, the support
shaft 9 of the engagement member 13 is fixed, and the
drive motor 20 for vertically moving the engagement
member 13 and the cord 17 for connecting the drive mo-
tor to the power supply through the collector 18 are ob-
viated.

[0063] Between the lift connecting compartments
3aR, 3aL and the tray longitudinal forwarding compart-
ments 3bR, 3bL are provided second tray transfer de-
vices 42R, 42L for transferring the tray 4 between these
compartments. The second tray transfer devices 42R,
42L., as shown in Figure 15(a), comprise a chain con-
veyor 43 straddling the compartments 3aR and 3bR and
compartments 3aL and 3bL and a tray support frame 44
mounted on the chain conveyor 43 to support the tray
4. Denoted 45 is a chain guide that guides the circling
motion of the chain conveyor 43 to prevent its loosening.
[0064] Fixedly installed in the lift connecting compart-
ments 3aR, 3alL are third tray transfer devices 46R, 46L
that transfer the tray 4 between the lift 6 and the lift con-
necting compartments 3aR, 3aL. The third tray transfer
device 46R on the R side is for exiting of a car, and the
third tray transfer device 46L on the L side is for entry
of a car. These third tray transfer devices 46R, 46L use
the same conventional type of device as those of Figure
2, and have a rotary arm 47, an engagement member
48 at the free end of the rotary arm 47, and a rotary drive
unit 49 for the rotary arm 47. That is, the rotary arm 47
has its rotating center set at a predetermined position at
a center of the width of the lift connecting compartment
3aR and is disposed horizontally rotatable. The rotary
arm 47 has a length such that when it is rotated, its front
end projects into the lift passage shaft 7 by a predeter-
mined dimension. The engagement member 48 of the
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rotary arm 47 comprises, though not shown, a truncated
cone-shaped roller and its support shaft. Unlike the first
tray transfer device 11, the third tray transfer device has
the support shaft secured to the front end of the rotary
arm 47. The rotary drive unit 49 for the rotary arm 47
uses a drive motor with a reduction gear.

[0065] In this parking system, for the operation of the
tray transfer devices 11, 42R, 42L, 46R, 46L, at least
one of the compartments on both sides R, L of the trans-
port aisle 2 on each floor is set as a dead space with no
tray installed therein.

[0066] Next, the basic operation of the first, second
and third tray transfer devices 11, 42R, 42L, 46R, 46L
in this planar reciprocating type parking system will be
described by referring mainly to Figure 14 and, as re-
quired, to Figure 4 to 7.

[0067] The first tray transfer device 11 can take either
a first tray transfer operation or a second tray transfer
operation. The first tray transfer operation involves pull-
ing out the tray 4 from a car storage compartment 3 or
source compartment on the R side or L side of the trans-
port aisle 2 onto the carrier cart 1 and forwarding the
tray 4 into a destination compartment in the same row
as the source compartment. The second tray transfer
operation involves forwarding the tray 4 into a destina-
tion compartment 3 in a row opposite the row from which
the tray 4 was pulled out. That is, the transfer process
works as follows. First, the servo motor 14 rotates the
shaft 15, which in turn causes the rotary arm 12 to pivot
from the initial home position, where it is parallel to the
longitudinal direction of the transport aisle 2, toward a
car storage compartment 3 on the R side or L side.
When, as the result of the pivoting motion of the rotary
arm 12, the rotary arm's front end enters into the com-
partment and the rotary arm as a whole is perpendicular
to the row of the compartments, the engagement mem-
ber 13 enters into one end of the first guide member 10a
attached to the underside of the tray 4 in the compart-
ment 3. As shown in Figure 5, as the rotary arm 12 con-
tinues to pivot, the engagement member 13 moves
along the first guide member 10a, pulling out the tray 4
toward the carrier cart 1. When the rotary arm 12 rotates
to a position where it is parallel to the longitudinal direc-
tion of the tray 4, the engagement member 13 comes
close to the end of the first guide member 10a of the tray
4. As the rotary arm 12 is further pivoted, the engage-
ment member 13 moves in the opposite direction along
the first guide member 10a. When the rotary arm 12 is
pivoted through a predetermined angle, it is stopped.
Now, the tray 4 is completely transferred onto the carrier
cart 1. The tray 4 is then locked in this state by a tray
lock device 41. With the tray 4 moved to the front of the
destination compartment, the following tray forwarding
operation is performed.

[0068] When the destination compartment is on the
same side as the source compartment from which the
tray 4 was pulled out, the rotary arm 12 is pivoted in the
backward direction to push the tray 4 into the destination
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compartment 3. In the following description, a series of
operation steps to forward the tray 4 into the destination
compartment on the same side of the source compart-
ment is referred to as a first tray transfer operation.
[0069] When the destination compartment is on the
side opposite the source compartment from which the
tray 4 was pulled out, the forwarding operation involves
putting the tray 4 onto the carrier cart 1 as described
above and operating the vertical drive unit 16 for the en-
gagement member 13 in the first tray transfer device 11.
That is, as shown in Figure 4, the drive motor 20 drives
the drive shaft 21 downwardly to lower the support shaft
9 of the engagement member 13 connected to the drive
shaft 21 toward the underside of the rotary arm 12. The
lowering motion of the support shaft 9 causes the roller
8 to move down to the upper surface of the rotary arm
12 and disengage from the first guide member 10a, at
which time the drive motor 20 is stopped. When the en-
gagement member 13 disengages from the tray 4, the
servo motor 14 is operated to pivot the rotary arm 12 in
a direction opposite the direction in which it was pivoted
when the tray 4 was pulled out. When the roller 8 and
the second guide member 10b are aligned, the rotary
arm 12 is stopped. Then, the drive motor 20 for the ver-
tical drive unit 16 is started again to move the drive shaft
21 upward until the support shaft 9 of the engagement
member 13 rises above the upper surface of the rotary
arm 12, causing the roller 8 to fit from below into the
second guide member 10b for engagement. At this time,
because the roller 8 is shaped like a truncated cone with
its diameter progressively decreasing from the bottom
toward the top, if there is some deviation between a stop
position of the rotary arm 12 and a position directly be-
low the second guide member 10b, a smooth engage-
ment can be obtained between the engagement mem-
ber 13 and the second guide member 10b.

[0070] After the engagement member 13 is switched
from the first guide member 10a to the second guide
member 10b, the tray 4 is unlocked and the servo motor
14 in the first tray transfer device 11 is operated to pivot
the rotary arm 12 toward the destination compartment
3. As the rotary arm 12 is pivoted, the engagement
member 13 moves along the second guide member
10b, pushing the tray 4 from the carrier cart 1 toward the
destination compartment 3. When the rotary arm 12 ro-
tates to a position where it is parallel to the longitudinal
direction of the tray 4, the engagement member 13
comes close to the end of the second guide member
10b of the tray 4. As the rotary arm 12 is further pivoted,
the engagement member 13 moves in the opposite di-
rection along the second guide member 10b. As shown
in Figure 7, when the rotary arm 12 is pivoted through
a predetermined angle, the tray 4 is completely trans-
ferred into the destination compartment 3. At the same
time, the engagement member 13 disengages from the
second guide member 10b and the rotary arm 12 is piv-
oted to the initial home position on the carrier cart 1 and
stopped there.
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[0071] The second tray transfer devices 42R, 42L can
perform the longitudinal tray forwarding operation be-
tween the lift connecting compartments 3aR, 3aL and
the tray longitudinal forwarding compartments 3bR,
3bL. The second tray transfer device 42R on the R side
is used mainly for moving a car out of the parking system
and performs the steps of circulating the chain conveyor
43 to turn the tray support frame 44 in a direction from
the tray longitudinal forwarding compartment 3bR to-
ward the lift connecting compartment 3aR and then lon-
gitudinally forwarding the tray 4 mounted on the tray
support frame 44 from the tray longitudinal forwarding
compartment 3bR to the lift connecting compartment
3aR. The second tray transfer device 42L on the L side
is used mainly for moving a car into the parking system
and performs the steps reverse to the ones described
above to longitudinally forward the tray 4 from the lift
connecting compartment 3aL to the tray longitudinal for-
warding compartment 3bL.

[0072] The third tray transfer devices 46R, 46L can
perform the first tray transfer operation between the lift
6 and the lift connecting compartments 3aR, 3alL. The
third tray transfer device 46R on the R side is used main-
ly for moving a car out of the parking system and per-
forms the first tray transfer operation to push out the tray
4 from the lift connecting compartment 3aR onto the lift
6. That is, in the lift connecting compartment 3aR, the
engagement member 48 engages the second guide
member 10b of the tray 4 and the operation of the rotary
drive unit 49 pivots the rotary arm 47 toward the lift pas-
sage shaft 7. When the rotary arm 47 comes to a posi-
tion where itis perpendicular to the longitudinal direction
of the lift passage shaft 7, the tray 4 is completely trans-
ferred onto the lift 6, immediately after which the en-
gagement member 48 disengages from the second
guide member 10b. The third tray transfer device 46L
on the L-side is used mainly to move a car into the park-
ing system and performs the first tray transfer operation
to pull the tray 4 from the lift 6 into the lift connecting
compartment 3aL. The first tray transfer operation on
the L side is reverse to that performed on the R side.
[0073] Next, the overall operation of the planar recip-
rocating type parking system based on the basic oper-
ations of the tray transfer devices 11, 42R, 42L, 46R,
46L will be explained by referring mainly to Figure 14
and also, as required, to other figures.

[0074] Here, let us first explain about the operation for
moving cars-stored one in each of three compartments
in a row on the same floor, for example, on the R side
of the lift-out of the parking system successively.
[0075] In Figure 14, the carrier cart 1 travels on the
transport aisle 2 toward the first compartment 3 (the first
refers to the order in which the car is to be taken out of
the compartment) and stops in front of the first compart-
ment 3. The first tray transfer device 11 on the carrier
cart 1 performs the first tray transfer operation to pull
out the tray 4 onto the carrier cart 1. Then, the tray 4 is
locked in this state by the tray lock device 41. With the
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tray 4 and the first tray transfer device 11 engaged, the
carrier cart 1 moves to the front of the tray longitudinal
forwarding compartments 3bR, 3bL, after which the first
tray transfer device 11 performs the first tray transfer op-
eration to transfer the tray 4 from the carrier cart 1 onto
the tray longitudinal forwarding compartment 3bR on the
R side.

[0076] The vacant carrier cart 1 travels toward the
second compartment 3 (the second refers to the order
in which the car is to be taken out of the compartment).
In front of the second compartment 3, the similar tray
transfer operation is performed. The first tray 4 that was
transferred to the tray longitudinal forwarding compart-
ment 3bR on the R side is forwarded from the tray lon-
gitudinal forwarding compartment 3bR to the lift con-
necting compartment 3aR by the longitudinal forwarding
operation of the second tray transfer device 42R.
[0077] Next, the second tray 4 that was carried by the
carrier cart 1 to the front of the tray longitudinal forward-
ing compartments 3bR, 3bL is transferred from the car-
rier cart 1 onto the tray longitudinal forwarding compart-
ment 3bR on the R side by the first tray transfer opera-
tion of the first tray transfer device 11.

[0078] In parallel with this operation, the lift 6 is raised
or lowered to this parking floor. In the lift connecting
compartment 3aR on the R side, the third tray transfer
device 46R performs the first tray transfer operation to
transfer the first tray 4 onto the lift 6. The lift 6 moves up
or down to the car entry/exit floor, where the car on the
first tray 4 is moved out.

[0079] The carrier cart 1, which is now vacant again,
moves toward the third compartment (the third refers to
the order in which the car is to be taken out of the com-
partment). In front of the third compartment, the similar
tray transfer operation is performed. The second tray 4,
which was forwarded to the tray longitudinal forwarding
compartment 3bR on the R side, is transferred from the
tray longitudinal forwarding compartment 3bR to the lift
connecting compartment 3aR by the longitudinal trans-
fer operation of the second tray transfer device 42R.
[0080] Next, the third tray 4, which was forwarded to
the front of the tray longitudinal forwarding compart-
ments 3bR, 3bL by the carrier cart 1, is transferred from
the carrier cart 1 onto the tray longitudinal forwarding
compartment 3bR on the R side by the first tray transfer
operation of the first tray transfer device 11.

[0081] In parallel with this operation, the lift 6 is raised
or lowered to this parking floor. In the lift connecting
compartment 3aL on the L side, the third tray transfer
device 46L performs the first tray transfer operation to
pull the first tray 4, which is vacant, from the lift 6 onto
the lift connecting compartment 3aL. The lift 6 is now
vacant and, in the lift connecting compartment 3aR on
the R side, the third tray transfer device 46R performs
the first tray transfer operation to push the second tray
4 onto the lift 6. The lift 6 is raised or lowered to the entry/
exit floor, where the car on the second tray 4 is moved
out.
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[0082] The carrier cart 1, which is vacant again, waits
for the next car entry/exit operation. At the same time,
the third tray 4 that was transferred onto the tray longi-
tudinal forwarding compartment 3bR on the R side is
similarly transferred from the tray longitudinal forward-
ing compartment 3bR to the lift connecting compartment
3aR by the longitudinal forwarding operation of the sec-
ond tray transfer device 42R on the R side. The lift 6 is
raised or lowered to this parking floor and, in the lift con-
necting compartment 3aL on the L side, the third tray
transfer device 46L performs the first tray transfer oper-
ation to pull the second vacant tray 4 onto the lift con-
necting compartment 3aL. The lift 6 is now vacant. In
the lift connecting compartment 3aR on the R side, the
third tray transfer device 46R performs the first tray
transfer operation to push the third tray 4 onto the lift 6.
The lift 6 is raised or lowered to the entry/exit floor,
where the car on the third tray 4 is moved out.

[0083] In this car exit process, when cars stored in,
for example, three compartments 3 in a row on the L
side of the lift on the same floor are to be taken out suc-
cessively, the first tray transfer device 11 on the carrier
cart 1 performs the second tray transfer operation. That
is, the carrier cart 1 stops at the front of the source com-
partment 3 and the first tray transfer device 11 on the
carrier cart 1 pulls out the tray 4 onto the carrier cart 1.
Then, the tray 4 is locked in this state by the tray lock
device 41. While the carrier cart 1 is traveling, the en-
gagement member 13 is switched from the first guide
member 10a to the second guide member IOb according
to the second tray transfer operation of the first tray
transfer device 11. Next, when the carrier cart 1 comes
to the front of the tray longitudinal forwarding compart-
ments 3bR, 3bL, the first tray transfer device 11 per-
forms the second tray transfer operation to push the tray
4 from the carrier cart 1 onto the tray longitudinal for-
warding compartment 3bR on the R side. The subse-
quent operation steps are the same as those described
above.

[0084] Next, the process of entering, for example,
three cars into three compartments on the R side on the
same floor successively will be described.

[0085] In Figure 14, after a tray 4 carrying a first car
is raised or lowered to the destination floor by the lift 6
(the first refers to the order in which the car is entered
into the parking system), the third tray transfer device
46L in the lift connecting compartment 3aL on the L side
performs the first tray transfer operation to pull the tray
4 from the lift 6 onto the lift connecting compartment 3aL.
[0086] The operation similar to the one already ex-
plained in the process of moving the car out of the park-
ing system is performed beforehand to move a vacant
tray 4 to the lift connecting compartment 3aR on the R
side. The first tray transfer operation of the third tray
transfer device 46R causes the vacant tray 4 to be
moved onto the lift 6, which is then raised or lowered to
the entry/exit floor, where it receives a second car (the
second refers to the order in which the car is entered).
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The tray 4 carrying the first incoming car, which was al-
ready transferred to the lift connecting compartment 3aL
on the L side, is moved into the tray longitudinal forward-
ing compartment 3bL by the longitudinal transfer oper-
ation of the second tray transfer device 42L.

[0087] In parallel with this operation, the carrier cart 1
transfers the vacant tray 4 for the incoming car to the
tray longitudinal forwarding compartment 3bR on the R
side. With the carrier cart 1 held in front of the tray lon-
gitudinal forwarding compartments 3bR, 3bL on the R
and L sides, the first tray transfer device 11 on the carrier
cart 1 performs the second tray transfer operation to pull
the first tray 4 carrying the incoming car from the tray
longitudinal forwarding compartment 3bL on the L side
onto the carrier cart 1. The carrier cart 1 travels on the
transport aisle 2 and, by the second tray transfer oper-
ation of the first tray transfer device 11, pushes the first
car-mounting tray into the predetermined compartment
3 on the R side. After the first car parking operation is
finished, the first tray transfer device 11 pulls a vacant
tray 4 from other compartment on the R or L side onto
the carrier cart 1 and carries and transfers it to the tray
longitudinal forwarding compartment 3bR.

[0088] In the meant time, the tray 4 carrying the sec-
ond car is raised or lowered from the entry/exit floor by
the lift 6. The third tray transfer device 46L pulls, by its
first tray transfer operation, the second car-loaded tray
4 from the lift 6 onto the lift connecting compartment 3aL.
Likewise, the vacant tray 4 waiting in the lift connecting
compartment 3aR on the R side is transferred onto the
lift 6 by the first tray transfer operation of the third tray
transfer device 46R. The lift 6 is then raised or lowered
to the entry/exit floor, where it accepts the third car (the
third refers to the order in which the car is entered). On
the other hand, the tray 4 carrying the second incoming
car, which was pulled into the lift connecting compart-
ment 3alL, is transferred to the tray longitudinal forward-
ing compartment 3bL by the longitudinal transfer oper-
ation of the second tray transfer device 42L. The carrier
cart 1 is held standing by in front of the tray longitudinal
forwarding compartments 3bR, 3bL onthe Rand L sides
and the first tray transfer device 11 on the carrier cart 1
performs the second tray transfer operation to pull the
second car-loaded tray 4 from the tray longitudinal for-
warding compartment 3bL onto the carrier cart 1. The
carrier cart 1 travels on the transport aisle 2 and, by the
second tray transfer operation of the first tray transfer
device 11, transfers the second car-loaded tray 4 to a
predetermined compartment 3 on the R side. With the
second car parking operation completed, the carrier cart
1 prepares for the next car entry/exit operation and re-
turns to the front of the tray longitudinal forwarding com-
partments 3bR, 3bL where it stands by.

[0089] Next, the tray 4 carrying the third car is raised
or lowered from the entry/exit floor by the lift 6 and is
pulled from the lift 6 into the lift connecting compartment
3aL on the L side by the first tray transfer operation of
the third tray transfer device 46L. The tray 4 is then lon-
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gitudinally transferred by the second tray transfer device
42L to the tray longitudinal forwarding compartment
3bL, from which it is further transferred onto the carrier
cart 1. The carrier cart 1 travels on the transport aisle 2
to the front of the destination compartment on the R side,
where the first tray transfer device 11 performs the sec-
ond tray transfer operation to push the third car-loaded
tray 4 into the compartment, thus completing the third
car parking operation.

[0090] In this car entry process, when, for example,
three cars are to be successively moved into three com-
partments on the L side on the same floor, the operation
steps are similar to the above process, except that the
first tray transfer device 11 on the carrier cart 1 performs
the first tray transfer operation.

[0091] In summary, this embodiment has the con-
struction in which the lift 6 is installed at one end of the
transport aisle 2; in which the car storage compartments
3 on either side of the lift 6 are set as the lift connecting
compartments 3aR, 3alL and the compartments adjoin-
ing the lift connecting compartments 3aR, 3al are set
as the tray longitudinal forwarding compartments 3bR,
3bL; in which the first tray transfer device 11 is mounted
on the carrier cart 1, the second tray transfer devices
42R, 42L are installed between the lift connecting com-
partments 3aR, 3aL and the tray longitudinal forwarding
compartments 3bR, 3bL, and the third tray transfer de-
vices 46R, 46L are installed in the lift connecting com-
partments 3aR, 3aL; and in which a dead space without
a tray is provided in at least one of a plurality of com-
partments 3 on both the R and L sides of the transport
aisle 2. Because of this construction, the trays 4 can be
circulated on the same parking floor so that when a plu-
rality of cars stored on the same parking floor are to be
moved out successively or when a plurality of cars are
to be moved successively into the same parking floor, it
is possible to prepare for the next car exit/entry opera-
tion while the first car exit/entry operation is being per-
formed, significantly reducing the time required for the
successive car exit or entry operation.

Claims

1. In a planar reciprocating type parking system, hav-
ing

a carrier cart (50), adapted to travel reciprocally
on a pair of rails (5) laid on a transport aisle (2)
and carry a car-mounting tray (4);

a plurality of car storage compartments (3) ar-
ranged in a row on each side of the transport
aisle (2) and each accomodating a tray (4);

a tray transfer device (11) mounted on the car-
rier cart (50) and adapted to transfer the tray
between the carrier cart and the car storage
compartments; and

a lift (6) installed in a lift passage shaft (7) com-
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municating a car entry/exit floor with car park-
ing floors and adapted to raise or lower the tray;
the planar reciprocating type parking system
characterized in that:

said lift (6) is located at an arbitrary position
on the transport aisle (2) corresponding to
one of the car storage compartments (3);
wherein at corners of the lift passage shaft
are erected guide rails (26) that vertically
guide the lift, and lifting members (27)
move up or down the guide rails (26) and
are provided with support members (28)
that project inwardly of the lift passage
shaft (7) to support the tray (4);

wherein the pair of rails (5) on the transport
aisle (2) are divided by the lifting members
(27) at locations where the lifting members
pass through the rails, and the divided por-
tions are used as passage portions (30) for
the lifting members (27); and

wherein the tray (4) can be transfered be-
tween the lift (6) and the carrier cart (1) as
the lifting members (27) of the lift move up
or down the guide rails (26).

The planar reciprocating type parking system ac-
cording to claim 1, wherein the support members
(28) of the lift (6) have upwardly protruding engage-
ment projections (33) and the trays (4) have at the
underside thereof engagement recesses (38) that
can receive the engagement projections (33).

In a planar reciprocating type parking system, hav-
ing

a plurality of car parking floors;

a transport aisle (2) provided on each of the car
parking floors and on which a carrier cart (1)
travels reciprocally to transport a car-mounting
tray; (4)

a plurality of car storage compartments (3) ar-
ranged in a row on each side of the transport
aisle (2) and each accomodating a tray (4);
the planar reciprocating type parking system
further comprising:

a liftinstalled between a car entry/exit floor
and the car parking floors and located at
one end of the transport aisle (2);

a first tray transfer device (11) mounted on
the carrier cart (1) to transfer the tray be-
tween the carrier cart and the car storage
compartments (3) on both sides of the
transport aisle (2);

second tray transfer devices (42R,42L), in-
stalled between the car storage compart-
ments (3), on both sides of the lift (6) and
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the car storage compartments (3) adjoining
these lift-side car storage compartments to
transfer the tray (4) between these com-
partments; and

third tray transfer devices (46R, 46L) in-
stalled in the car storage compartments
(3aR,3aL) on both sides of the lift (6) to
transfer the tray between the car storage
compartments on both sides of the lift and
the lift;

wherein one of the car storage compart-
ments (3) on each floor is set as a dead
space with no tray installed to allow the
trays to be moved in circulation.

The planar reciprocating type parking system ac-
cording to claim 3, wherein the first tray transfer de-
vice (11) comprises a rotary arm, (12) which has a
pivoting center thereof set at a center of the width
of the carrier cart(1) and is disposed horizontally ro-
tatable and which has a length such that the front
end of the rotary arm projects into the car storage
compartment (3) side by a predetermined distance;
an engagement member (13) provided at the front
end of the rotary arm (12) and adapted to engage
with one of a pair of guide members provided on
both sides of the underside of each tray; a rotary
drive unit (14) to pivot the rotary arm (12); and a
vertical drive unit (16) to displace the engagement
member (13) or the rotary arm (12) vertically; and
wherein the first tray transfer device (11) can trans-
fer the tray (4) between the carrier cart (1) and the
car storage compartments (3) on both sides (R,L)
of the transport aisle.

The planar reciprocating type parking system ac-
cording to claim 3 or 4, wherein the second tray
transfer device (42R,42L) each comprise a chain
conveyor (43) and a tray support member (44)
mounted on the chain conveyor to support the tray,
and can transfer the tray (4) between the car stor-
age compartments (3aR,3bR) on both sides of the
lift and the car storage compartments adjoining the
lift-side car storage compartments.

The planar reciprocating type parking system ac-
cording to claim 3, 4 or 5, wherein the third tray
transfer devices (46R,46L) each have a rotating
center thereof set at a center of the width of the car
storage compartments (30R,30L) on both sides of
the lift and are disposed horizontally rotatable; the
third tray transfer devices each comprise a rotary
arm (47) having a length such that a front end of the
rotary arm projects into the lift side by a predeter-
mined distance, an engagement member (48) pro-
vided at the front end of the rotary arm (47) and
adapted to engage with one of a pair of guide mem-
bers provided on both sides of the underside of
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each tray, and a rotary drive unit (49) to pivot the
rotary arm (47); the third tray transfer devices can
transfer the tray between the car storage compart-
ments on both sides (R,L) of the lift and the lift.
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