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A transferring shuttle for transferring a unit load between a pair of multi-tier racks In an automated storage/retrieval system In
accordance with the present invention comprises a travelling platform adapted to travel between the multi-tier racks, respective
telescopic mechanisms provided In the front and rear in such a form as to hold a unit-load carriage of the travelling platform
therebetween, and respective outer fingers which are provided at both ends of a raill having the largest movable range In the
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conventionally done.
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ABSTRACT

A transferring shuttle for transferring a unit load between a pair of
multi-tier racks 1n an automated storage/retrieval system in accordance
with the present iavention comprises a travelling platform adapted to
travel between the mulfi-tier racks, respective telescopic mechanisms
provided in the front and rear in such a form as to hold a unit-load carriage
of the travelling platform therebetween, and respective outer fingers which
are provided at both ends of a rail having the largest movable range in the
telescopic mechanismms and movable between a projected position
engageable with the unit load and a retracted position. The rail 1s also
provided with an inner finger between the outer fingers. This structure
allows the inner finger to push the umit load on the unit-load carriage of
the transferring shuttle, whereby the unit load can be transported to a

deeper part of the multi-tier racks than conventionally done.
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DESCRIPTION

Title of the Invention

Transferring Shuttle for Automated Storage/Retrieval System

Technical Field

[0001] The present invention relates to an automated storage/retrieval
system that includes at least one pair of multi-tier racks arranged parallel
to each other and, in particular, to a transferring shuttle which 1s disposed
between one pair of multi-tier racks and at each tier or every several tiers

and horizontally travels so as to store a unit load to and retrieve a unit load

from the multi-tier racks.

Background Art

[0002] For such a type of automated storage/retrieval system, a system
described in, e.g. Japanese Patent Application Laid-Open No. 8-324721 1s
well-know. The automated storage/retrieval system described in the
above-mentioned publication includes at least one pair of left and night
multi-tier racks each composed of multi-tier shelves. A transferring

shuttle, which can run in a horizontal direction, is implemented between

the multi-tier racks and at each tier.

[0003] The transferring shuttle is used for storing a unit load to and
retrieving a unit load from the left or right multi-tier racks. The
conventional transferring shuttle comprises a travelling plattorm that can
carry a unit load on its mid area, and a picking mechanism for taking in

and out the unit load on the trave‘lling platform 1 horizontally lateral

directions (both left and right directions) perpendicular to the traveling
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directions of the platform.

[0004] The conventional picking mechanism described in Japanese Patent
Application Laid-Open No. 8-324721 comprises three-stage telescopic

mechanisms provided in the front and rear of the unit-load carriage m the

travelling platform, respectively. Each telescopic mechanism i1s a known
mechanism constituted by a fixed rail fixed on the travelling platform, a
first sliding rail slidably engaged with the fixed rail, and a second sliding
rail slidably engaged with the first shiding rail. The first and second
sliding rails are connected to each other with pulleys and a belt, so that,
when the first shding rail is moved leftward or nghtward with respect to
the fixed rail, the second sliding rail further moves in the same direction
with respect to the first sliding rail. Means for activating the first sliding
rail is constructed by a motor attached to the platform, a pinion attached to
the rotary shaft of the motor, and a rack which is secured to the first
sliding rail and meshes with the pinion.

[0005] Both end parts of the second sliding ratl are provided with outer
fingers each of which can be moved between a position at which the outer
finger projects to the unit-load carriage and a position at which the outer
finger is retracted from the unit-load carriage. When these outer fingers
are placed at the projected position, the fingers can press aganst left and
right end faces of a unit load and can take in and out the unit load.

[0006) Meanwhile, the automated storage/retrieval systems always have

the need for increasing their storage capacity. For such a need, various
strategies have conventionally been proposed. One of the strategies 1s a
method that includes pushing unit loads to each shelf of the multi-tier

racks as deep as possible (away from the traveling path of the transtemng
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shuttle as farther as possible), and arranging the unit loads by, for example,
two rows in the front and rear directions. For achieving this strategy, the
left/right stroke of the telescopic mechanism of the transferring shuttle is
required to be about two times that of the conventional one.

(0007] However, for doubling the stroke of the telescopic mechanism by
modifying a typical transferring shuttle described in Japanese Patent
Application Laid-Open No. 8-324721, it 1s necessary to provide at least
three sliding rails in the telescopic mechanism. Thus increasing the
number of sliding rails which are prone to wear may cause failures, This
also complicates the system structure and makes it impossible to
commonly design the shuttles having the standard and doubled strokes and
purchase their parts, so that no advantage of scale can be expected,
whereby the manufacturing cost increases. Further, since the telescopic
mechanism becomes thicker, a space for nserting the sliding rails is
required to be formed on a shelf of the multi-tier racks, which increases
the clearance between unit loads, thereby inhibiting the improvement of
the accommodating capacity.

[0008] It is an object of the present ivention to provide a transterring
shuttle which overcomes conventional problems such as those mentioned

above and can store a greater number of unit loads on each shelf of

multi-tier racks.

Summary of Invention
[0009] A transferring shuttle in accordance with the present invention is
used 1n an automated storage/retrieval system equipped with a pair of

multi-tier racks arranged parallel to each other and is for transfermng a
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unit load to and from the multi-tier racks. The transferring shuttle
comprises a travelling platform, adapted to travel horizontally between the
multi-tier racks, having a unit-load carriage on the center part thereof;
telescopic mechanisms provided in front and rear parts of the travelling
plattorm 1n 1its traveling dwrection respectively such that the unit-load
carriage 1s between the telescopic mechanisms, each telescopic mechanism
being constituted by a plurality of rails so as to be able to extend and
retract in a horizontally lateral direction perpendicular to the traveling
direction; and outer fingers provided at both ends of the rail having the
largest movable range in the plurality of rails respectively, each finger
being operable between a position at which the finger projects to the
unit-load carriage and a position at which the finger 1s retracted from the
unit-load carriage. Between the outer fingers, the rail closest to the
unit-load carriage is provided with an inner finger which 1s operable
between the projected position and the retracted position.

[0010] In such a structure, the inner finger can push out the unit load on
the unit-load carriage of the transferring shuttle. In the prior art, the
outer fingers push out the unit load. On the other hand, the present
invention employs a finger on the inner side to push out the unit load and
minimizes the overlap between the rails, whereby the unit load can be
transported to a deeper position in the multi-tier racks. This makes it
possible for the multi-tier racks to accommodate a greater number of unit
loads. More specifically, even in a three-stage telescopic mechanism

identical to the conventional one, two unit loads can be arranged such as
to align with each other in its extracting/retracting direction (two rows in

the front and rear). Also, it is unnecessary to increase the number of rails
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constituting the teléSCOpic mechanism, whereby there is no problem of
increasing the clearance between unit loads. Since it is basically
specttied to add only the wner fingers, existing profiles (formed profile)
can be used for the rails, whereby the manufacturing cost can be prevented
from rising.

(0011] Preterably, there are two inner fingers. When there are two inner
fingers, three unit loads can be handled at the same time depending on the
sizes and forms ot unit loads (see Fig. 7(c)). It will also be preferred if a
distance adapted to place a unit load exists between one inner finger and

the outer finger farther from the one inner finger and a distance adapted to

place a unit load exists between the other inner finger and the other outer
finger. When the outer finger is made movable to a position exceeding a
length of two unit loads aligned on the multi-tier rack adjacent to the outer
finger, unit loads can be arranged in two rows in the front and rear on a
shelf of the multi-tier rack.

[0012] Each of the telescopic mechanisms may comprise a fixed rail,
secured to the travelling platform, extending in a horizontally lateral
direction perpendicular to the traveling direction; a first sliding rail
slidably attached to the fixed rail in parallel with the horizontally lateral
direction; and a second shiding rail slidably attached to the first sliding rail
in parallel with the horizontally lateral direction and adapted to move in
synchronization with the first sliding rail in the same direction as with the
first sliding rail. In the arrangement, the second sliding rail is provided

with the outer fingers and the inner finger.

(0013] In one embodiment of the present invention, means for driving the

first sliding rail preterably comprises an endless belt, arranged in the

JoU
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travelling platform along the fixed rail, having a tooth on an outer
periphery thereof; and a rack, provided with the first shiding rail, in mesh
with the tooth on the outer periphery of the belt.

[0014] Using a belt having an outer tooth makes it possible for the first
shding rail to project more from the fixed rail, Though the amount of
projection ot shiding rails 1s severely restricted by the pinion employed n
the above-mentioned conventional structure, using the belt having an
outer tooth eliminates this adverse effect.

[0015] Another embodiment of the present invention may employ one

inner finger. This structure can handle two unit loads at the same time.

Brief Description of Drawings
[0016] Fig. 1 15 a partial perspective view illustrating an AS/RS
employing a trapnsferring shuttle in accordance with the present mvention;
Fig. 2 1s a side view of the transfernng shuttle 1 accordance with
the present invention;
Fig. 3 i1s a plan view illustrating the transferring shuttle 1n
accordance with the present invention in a partly cutaway fashion;

Fig. 4 is a schematic view 1llustrating an operation of the

transferring shuttle in accordance with the present invention;

Fig. 5 is a schematic view illustrating the principle of a telescopic
mechanism in the transferring shuttle in accordance with the present
ivention;

Fig. 6 is a schematic view illustrating a main part of the
transferring shuttle m accordance with the present invention; and

Fig. 7 is a view illustrating some modified examples of the

160 d
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transferring shuttle in accordance with the present invention.

Description of Embodiments

[0017] In the following, preferred embodiments of the present invention
will be explained in detail with reference to the accompanying drawings.
[n the drawings, the same reference characters indicated the same or
equivalent portions.

[0018] Fig. 1 is a perspective view illustrating a part of an automated
storage/retrieval system 12 employing a transferring shuttle 10 in
accordance with the present invention. The illustrated automated
storage/retrieval system 12 comprises at least one pair of left and right
multi-tier racks 161, 16R, each including a plurality of shelves 14 which
are multi-tiered. Between the multi-tier racks 16L, 16R, the transterring
shuttle 10 1 accordance with the present invention for transferring a unit
load P to and from the multi-tier racks 16L, 16R 1s provided at each tier or
every several tiers. In this embodiment, the multi-tier racks 16L, 16R
accommodate unit loads P which are regularly shaped articles, such as
buckets (returnable boxes made of plastics). Each shelf 14 in the
multi-tier racks 16L, 16R has a depth (length in the left/right direction
illustrated in Fig. 1) which 1s two times that of the conventional one, so
that two unit loads P can be arranged in a row 1n the left/right lateral
direction by a function of the transferrng shuttle 10 in accordance with

the present invention.
[0019] Though not illustrated, for transporting unit loads between the
multi-tier racks 16L, 16R and an external conveyer system, a buffer station

where the unit loads are transferred to and from the multi-tier racks 16L,
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16R through the transferring shuttle 10 and temporarily wait or buffer

when necessary, and an elevator for transferring the loads between the
butter station and the extemal conveyer system are provided on one end
side or both end sides of the left and right multi-tier racks 16L, 16R.

10020] As also 1illustrated n Figs. 2 and 3, the transferring shuttle 10 in
accordance with the present invention employed in the automated
storage/retrieval system 12 such as the one mentioned above is equipped
with a travelling platform 18 adapted to travel horizontally between the
left and rnght multi-tier racks 16L, 16R. The front and rear parts of the
travelling platform 18 in its traveling direction are provided with
respective chassis parts 20F, 20B which accommodate therewithin a
driving motor, a power/control unit, and the like (not 1llustrated).
Wheels 22 are disposed on the left and right sides ot the chassis parts 20F,
20B, so as to be set on horizontally extending guide rails 24 provided with
cach tier of the left and right multi-tier racks 16L, 16R. Therefore, the
travelling plattorm 18 can travel back and forth along the guide rails 24

when at least one of the wheels 22 is driven by the driving motor within

the chassis part 20F or 20B.
[(0021] The front and rear chassis parts 20F, 20B of the travelling platform

| & define therebetween a unit-load carriage 26 on which the unit load P 1s
carried. More specifically, a base frame 28 for connecting the front and
rear chassis parts 20F, 20B to each other exists therebetween, while a patr
of unit-load carrying plates 30 horizontally placed on the base trame 28
define the bottom face of the unit-load camage 26. Side guides 32 are

formed at respective outer edge parts (on the sides closer to the adjacent

chassis parts 20F, 20B) of the unit-load catrying plates 30, while the width

el d
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between the side guides 32 is made slightly greater than that of the unit
load P. This allows the unit load P to move laterally leftward and
rightward on the unit-load carrying plates 30 without shifting transversely
or rotating. The unit-load camriage 26 has a length (size in the left/right
lateral direction) sufficient for receiving the typical unit load P to be
handled. |

[0022] The front and rear chassis parts 20F, 20B in the travelling platform
18 are provided with a pair of front and rear telescopic mechanisms 34F,
348 which hold the unit load P therebetween and take the unit load P in
and out.  The telescopic mechanisms 34F, 34B are driven in
synchronization with each other, so as to be used for transferring the unit
load P between the unit-load camage 26 and the shelves 14 of the
multi-tier racks 16L, 16R. '

[0023] Each of the telescopic mechanisms 34F, 34B is constituted by; a
fixed raill 36 which is secured to the inward face (surface facing the
unit-load carriage 26) of the chassis part 20F, 20B and extends in left and
right lateral directions, 1.e., horizontally lateral directions orthogonal to the
traveling directions of the travelling platform 18; a first sliding rail 38
attached to the fixed rail 36 so as to be slidable in the honzontally lateral
directions; and a second sliding rail 40 attached to the first sliding rail 38
so as to be slidable in the honzontally lateral directions, having the largest
movable range. The rails 36, 38, 40 have substantially the same length,
which 1s also substantially the same as the width of the travelling platform
18 1ncluding the wheels 22.  Therefore, when the travelling platform 18
travels, the rails 36, 38, 40 attain a contracted state illustrated in Figs. 2

and 3 and Fig. 4(a) which is a schematic view and thus do not project from
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side faces of the travelling platform 18, thereby yielding no fear of
hindering the travel. On the other hand, they can be placed in an
expanded state illustrated in Fig. 4(b) when transferring the unit load P to
and from the multi-tier racks 16L, 16R. The rails 36, 38, 40 of the
telescopic mechanism 34F, 34B are dimensioned such that leading end of
the second sliding rail 40 reaches a point exceeding two unit loads P
aligned 1n the extending/retracting direction (including their required
clearance therebetween) when expanded to the maximum.

[0024] Contrivances for extending and retracting the telescopic
mechanisms 34F, 34B are known ones such as those using pulleys 42 and
belts (or wires) 44 1illustrated in Fig. 5, which is a principle diagram, and
are contigured such that, when the first sliding rail 38 is moved left or
right with respect to the fixed rail 36, the second sliding rail 40 further
moves 1n the same direction along the first shiding rail 38.

[0025] Means for driving the first sliding rail 38 is constructed by: a rack
46 formed on a lower edge part of the first sliding rail 38 by the whole
length thereof, a timing belt 48 (endless belt having inner teeth) whose
outer periphery also has teeth in mesh with the rack 46, and a driving
motor (not illustrated) for driving the tuming belt 48. The timing belt 48
Is mated with sprockets (see Fig. 5) provided at both of left and right end
parts of the base frame 28, while the upper part (tight-side part) of the
tining belt 48 extends over substantially the whole length between the lefi
and right ends of the travelling platform 18. Therefore, when the
telescopic mechanism 34F, 34B is in the contracted state, the rack 46 in

the first sliding rail 38 is substantially wholly in mesh with the outer teeth

of the timing belt 48. As long as the outer teeth of the timing belt 48 and

10
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the rack 46 are in mesh, the first sliding rajl 38 can be projected from the
fixed rail 36 to the maximum, and the second sliding rail 40 can be moved
by the same distance relative to the first sliding rail 38. This can make
the moving distance of the sliding rails 38, 40 longer than that in the
conventional structure using a punion and a rack as means for driving the
telescopic mechanism 34F, 34B.

[0026] Though not illustrated, the driving motor for driving the timing
belt 43 is accommodated in the chassis part 20B of the travelling platform
18.

[0027] Both ends of the second sliding rail 40 are respectively provided
with outer fingers 52L, 52R for pushing and pulling the unit load P by
coming into contact with its side faces. Each of the outer fingers 52L,
52R has one end secured to the rotary shaft of a driving motor (not
ilustrated) embedded in the second sliding rail 40, so as to be swingable
between a position illustrated by solid lines in Fig. 2 and a position
illustrated by solid lines in Fig. 3 (position illustrated by dash-double-dot
lines in Fig. 2) when the driving motor is controlled. The position
tllustrated in Fig. 2 is a retracted position where the outer finger 52L, S2R
1s sutficiently retracted from the unit-load carriage 26 and kept from

interfering with the unut load P on the unit-load carriage 26 or the unit

loads P on the shelves 14 of the multi-tier racks 161, 16R. On the other
hand, the position in Fig. 3 is a projected position where the outer finger
>2L, 52R projects 1nto the unit-load carriage 26 and can come into contact
with an end face of the unit load P mounted on the unit-load carriage 26.

[0028] In this embodiment, the second sliding rail 40 is further provided

with two inner fingers 54L, 34R between the left and right outer fingers

[ 1
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52L, 52R. The inner tingers 54L, 54R have the same size and shape as
those of the outer fingers 521, 52R and are attached to the second sliding
rail 40 n totally the same manner as with the outer fingers 52L, 52R.
The 1nner fingers 54L, S54R are arranged equidistantly from the
longitudinal center point of the second sliding frame 40. One inner
finger (e.g., the left one 54L) is paired with the outer finger (the right outer
finger 52R) farther therefrom and the distance therebetween 1s
substanttally equivalent to the length of the unit load P to be handled.
[0029] With the above-mentioned arrangement, cases where the unt load
P 1s transferred from the transferring shuttle 10 to the multi-tier racks 16L,
16R and vice versa will now be explained.

[0030] First, when putting the unit load P into the deepest part (the
position farthest from the transferring shuttle 10) of the shelf 14 in the
right multi-tier rack 16R in the case where the unit load 1s mounted on the
right side of the unit-load carriage 26 of the travelling platform 18 as
Ulustrated in Fig. 4(a), the left inner finger 54L is pulled down to the
projected position, and the telescopic mechanism 34F, 34B is driven so as

to extend the sliding rails 38, 40 rightward. As a result, the inner finger

54L comes into contact with the left end face of the unit load P and pushes

the unit load P to move. At the point of time when the second sliding rail
40 extends to the maximum, the unit load P reaches the deepest part of the

shelf 14 of the multi-tier rack 16R (Fig. 4(b)).
[0031] It will easily be understood that the moving distance of the sliding

rails 38, 40 1s made shorter when placing the unit load P (at the position

tllustrated by dash-double-dot lines in Fig. 4(b)) on the front side of the

multi-tier rack 16R (on the side closer to the transferring shuttle 10).

12
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[(0032] On the other hand, when the unit load P 1s placed on the left side of
the unit-load carriage 26 of the travelling platform 18 as illustrated 1n Fig.
4(c), the sliding rails 38, 40 of the telescopic mechanism 34F, 34B are
temporarily moved leftward such that the left inner finger 54L 1is
positioned on the left side of the left end face of the load P, and then the
inner finger 54L 1s pulled down, whereby the unit load P can be
transported to the deepest part of the shelf 14 in the right multi-tier rack
16R as mentioned above.

(0033] When placing the umit load P (at the position illustrated by
dash-double-dot lines m Fig. 4(b)) on the front side ot the multi-tier rack
16R (on the side closer to the transferring shuttle 10), the unit load P can
be moved by one stroke simply using the left outer finger without the
movement of the telescopic mechanism described in the above paragrapn
[0031].

[0034] The movement described in the above paragraph [0032] becomes
extra movement and thus is disadvantageous in terms of throughput,
However, this movement can be avoided by contriving the movement for
drawing the unit load P into the transferring shuttle 10. New unit loads P
are usually fetched from the buffer station (not illustrated) where the unit
loads wait. When the buffer station is positioned on the front side
(usually in the moving direction of the telescopic mechanism), both of the
outer and mnner fingers reach there, so that the fingers can selectively be
used according to the accommodating direction of the rack at the time of
fetching the unit loads. This can avoid the movement described in the
above paragraph [0032].

Example 1: When the buffer station is on the nght side of kFig. 4

13
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while the rack storage position is on the right side, the outer finger is used
tor tetching the unit load.

bxample 2. When the buffer station is on the right side of Fig. 4
while the rack storage position is on the left side, the inner finger is used

for fetching the unit load.

[t will easily be understood that the same movement also vields the
same effect when the buffer station is on the left side.
100335] It will also be easily understood that the movement in the above
paragraph [0032] can be avoided by using any of the inner and outer
fingers for fetching the unit load P when the storage position is in the
front.
[0036] Conversely, it will be understood that any of the two inner fingers
541, 54R and right outer finger 52R may be used for the unit load P on the
front side when fetching the unit loads P from the nght multi-tier rack 16R
into the transferring shuttle 10. That 1s, retracting the telescopic
mechanism 34F, 34B from the state illustrated in Fig. 4(b) allows the left
inner tinger 54L to draw the unit load P into the transferring shuttle 10.
Alternatively, the nght outer finger 5S2R may be placed at the projected
position as illustrated by dash-double-dot lines in Fig. 4(b) while the inner
fingers 54L, 54R are kept at the retracted positions, whereby the outer
finger 52R comes into contact with the right end face of the unit load P
and can draw the same into the transfernng shuttle 10.
[0037] [t witll easily be understood that a movement similar to that
mentioned above can also avoid the movement mentioned in the above
paragraph [0032] at the time of dispatching to the buffer station (fetching

the unit Joad from the rack storage position in this case).

14
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[0038] On the other hand, the right outer finger S2R is used for

transferring the unit load P placed in the deepest part of the multi-tier rack

16R.

[0039] One skilled in the art will easily understand that the unit load P can
be transterred to and from the left multi-tier rack 16L by a procedure in

the reverse of that mentioned above.

10040] With reference to Fig. 6, the structure in accordance with the
present invention will now be compared with a conventional structure
having only outer fingers 52 at both end parts of the second sliding rail 40.
1004]1] When the sliding rail 40 is moved from the state of Fig. 6(a) to the
state of Fig. 6(b), the conventional structure can move the unit load P only
by the same distance as the maximum movement distance S of the sliding
rail 40. By contrast, using the inner finger 54 as in the present invention
can further move the unit load P to a position exceeding the maximum
movement distance of the sliding rail 40 by the distance L between the
outer finger 52 and inner finger 54 as illustrated in Fig. 6(¢c). This allows
the structure of the present invention to feed the unit load P into a deeper
position in the multi-tier racks 16L, 16R, so that the unit loads P can be
arranged in two rows of the front and rear.

[0042] In view of this point, only one inner finger 54 may be provided as
illustrated in Fig. 7(a). This structure can transfer two small unit loads P
at the same time. Arranging two wner fingers 54 closer to the center as
llustrated in Fig. 7(b) can handle two unit loads P at the same time as in
Fig. 7(a). An arrangement such as the one illustrated in Fig. 7(c) can

handle three unit loads P at the same time. Though not illustrated, three

or more inner fingers may be provided when handing unit loads P having

15
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irregular forms.

[0043] Though a preferred embodiment of the present invention Is
explained in detail in the foregoing, the present invention is not limited to
the above-mentioned embodiment but can be modified and altered in
various ways without deviating from the spirit or scope of the present
(nvention.

[0044] Since the telescopic mechanism secures a large movable range,
while the outer finger and inner finger can operate independently from
each other, the present invention can transfer unit loads in various modes.
When accommodating small unit loads in the right multi-tier rack 1n the
structure illustrated in Figs. 1 to 3, for example, three or more unit loads
can be stored into the shelf sequentially from its deepest part by using the
richt inner finger 54R. Also, two small unit loads or one small unit load
and one middle unit load can be handied at the same time. That is, the
right inner finger 54R and left outer finger 52L may be used such as to
push respective unit loads.

(0045] Though a timing belt is used as the means for driving the
telescopic ~ mechanism, for  example,  structures using a
hydraulic/pneumatic cylinder, a linear motor, and the like may also be
considered.

(0046] Though three-stage telescopic mechanisms are effective 1n that
they can use the same profile as that in the conventional structure, two-

and four-stage telescopic mechanisms may also be employed.

16
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:

1. A transferring shuttle (10), used in an automated storage/retricval system (12) includes a pair
of multi-tier racks (16L, 16R) arranged parallel to each other, for storing a unit load (P) to and

retrieving a unit load (P) from the multi-tier racks (16L, 16R), the transferring shuttle (10)

comprising:

a travelling platform (18) adapted to travel horizontally between the multi-tier racks
(16L, 16R), said travelling platform (18) having a unit-load carriage (26) on which thc

unit load (P) can be carried;

respective telescopic mechanisms (341, 34B) provided 1n {ront and rear parts of the
travelling platform (18), the unit-load carriage (26) being between the telescopic
mechanisms (34F, 34B), cach telescopic mechanism being constituted by a plurality of
rails (36, 38, 40) adapted to expand and contract in a horizontally lateral direction

perpendicular to the travelling dircction of the travelling plattorm; and

respective outer fingers (521, 52R) provided at both ends of the rail (40) having the
largest movable range n the plurality of rails (36, 38, 40), each finger being operablc
between a projected position where the finger projects to the unit-load carriage (26) and a

retracted position where the finger is retracted from the unit-load carriage (26),

the transferring shuttle (10) being between the outer fingers (521, 52R), the rail (40)
having the largest movable range is provided with an inner finger (54) operable between
the projected position and the retracted position, the number of the inner fingers (54L,
5>4R) 1s 2 on each side of the rail and characterized in that a distance adapted to place a

unit load (P) exists between one of the inner fingers (54L) and the outer finger (52R)

17
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tarther from the one inner finger (54L), and a distance adapted to place a unit load (P)

exists between the other inner finger (54R) and the other outer finger (SQL).

2. The transferring shuttle according to claim 1, characterized in that the outer finger (52L, 52R)
1s movable to a position exceeding a length of at least two unit loads (P) aligned on the multi-tier

rack (16L, 16R) adjacent to the outer finger (52L, 52R).

3. A transferring shuttle according to claims 1 or 2, characterized in that each of the telescopic

mechanisms (34F, 34B) comprises:

a fixed rail (36), secured to the travelling platform (18), extending in a horizontally lateral

direction perpendicular to the travelling direction;

a first sliding rail (38) slidably attached to the fixed rail (36) in parallel with the

horizontally lateral direction; and

a second shiding rail (40) slidably attached to the first sliding rail (38) in parallel with the
horizontally lateral direction and adapted to move in synchronization with the first sliding
rail (38) in the same direction as with the first sliding rail (38); wherein the second sliding

rail (40) is provided with the outer fingers (521, 52R) and the inner finger (54).

4. The transferring shuttle according to claim 3, characterized in that means for driving the first
sliding rail (38) comprises an endless belt (48), arranged in the travelling platform (18) along the
fixed rail (36), having a tooth on an outer periphery; and a rack (46), provided with the first
sliding rail (38), in mesh with the tooth on the outer periphery of the belt (48). .

18
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