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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to stor-
ing and retrieving items in rack based systems.

BACKGROUND

[0002] Warehousing and distribution facilities have
grown in importance in the supply chain in recent years.
In such facilities, large warehouses are used to collect
and store many types of goods at a central location for
shipment by truck to one or more locations, typically retail
locations. Goods may be stored in the warehouse by pal-
let load or individually, and goods may be shipped either
by uniform pallet, mixed pallet, or otherwise. To maximize
efficiency, goods are often stored in vertical rack based
systems, multiplying the amount of goods that can be
stored in a given amount of square footage.
[0003] Some systems, sometimes known as high den-
sity or ultra-high density rack systems, store pallets of
goods in a large, multi-layer rack. Pallets are stored ac-
cording to known identifiers such as SKU numbers or the
like and kept track of by a computer-based system. As
pallets of goods are stored in the system, the related
identifiers are noted and stored in a computer memory
or the like so that when the goods are desired, they can
be retrieved.
[0004] Automated systems of this type use carts that
place the goods in the rack and retrieve the goods when
desired. Such automated systems provide efficiency in
terms of floor space usage, as well as quick loading and
retrieval of goods with low need for manual attention or
monitoring. Various cart-based rack systems have been
proposed, with one or more carts that travel from a stag-
ing area to a storage area to place and retrieve goods.
Existing cart-based systems and related rack structures
provide acceptable storage capabilities. However, as
rack systems become larger, improvement in cart func-
tionality and efficiency, as well as in rack design to handle
larger systems, would be welcome.
[0005] WO-2009/132687 relates to a shuttle train sta-
tion for a shuttle of a shuttle channel storage.

SUMMARY

[0006] Aspects and advantages of the invention will be
set forth in part in the following description, or may be
apparent from the description, or may be learned through
practice of the invention.
[0007] According to certain aspects of the present dis-
closure, a storage rack includes a plurality of upright el-
ements arranged in a grid and a plurality of support brack-
ets. Each upright element has a plurality of the support
brackets mounted to it at different heights, each height
corresponding to a layer in the storage rack. The support
brackets are attached to the upright elements by fasten-

ers without welding. First horizontal elements extend in
a first direction to connect adjacent upright elements. The
first horizontal elements are also attached via fasteners
without welding. Second horizontal elements are at-
tached to the support brackets extending in a second
direction perpendicular to the first direction. Two adjacent
second horizontal elements are mounted to support
brackets on adjacent upright elements to form a track for
a cart with each of the second horizontal elements form-
ing one side of the track. The tracks are configured for
storing items thereon placed by the carts. The second
horizontal elements are attached to the support brackets
via fasteners without welding. The weight of the tracks
and any item stored thereon is supported by the upright
elements via the support brackets. Again, various options
and modifications are possible.
[0008] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following description and ap-
pended claims. The accompanying drawings, which are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A full and enabling disclosure of the present in-
vention is set forth in the specification, which makes ref-
erence to the appended figures, in which:

Fig. 1 shows a perspective view of a rack system
according to certain aspects of the disclosure;
Fig. 2 shows a side view of the rack system of Fig. 1;
Fig. 3 shows a closeup of a portion of the rack system
as in Fig. 2
Fig. 4 shows an end view of the rack system of Fig. 1;
Fig. 5 shows a closeup of a portion of the rack system
as in Fig. 4;
Fig. 6 shows a perspective view of a portion of the
rack system of Fig. 1 showing a bracket portion;
Fig. 7 shows an exploded perspective view of the
elements in Fig. 6;
Fig. 8 shows a perspective view of a dual shuttle
useful in the rack system of Fig. 1;
Fig. 9 shows a perspective view of a first (aisle) cart
of the dual shuttle with a second (row) cart removed;
Fig. 10 shows a closeup perspective view of a portion
of the aisle cart showing a chain conveyor;
Fig. 11 shows a perspective view of the aisle cart
with top housing elements removed for clarity to
show internal drive elements;
Fig. 12 shows a perspective view of a row cart ac-
cording to certain aspects of the disclosure;
Fig. 13 shows a perspective view of the row cart of
Fig. 12 with its top platform removed to display in-
ternal elements;
Fig. 14 shows a top view of the row cart of Fig. 12
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with the top removed;
Fig. 15 shows a top view as in Fig. 14 with lifting bars
further removed;
Fig. 16 shows a side diagrammatical view of the row
cart of Fig. 12 showing the top platform in a raised
orientation;
Fig. 17 shows a side diagrammatical view as in Fig.
16, with the top platform in a lowered orientation;
Figs. 18 - 22 show sequential schematic views of a
pallet loading function using a rack system as in Fig.
1 and a dual shuttle as in Fig. 8;
Fig. 23 shows a perspective view of a portion of an
aisle cart showing electrical contacts for powering
the aisle cart;
Fig. 24 shows a perspective view of the portion of
the aisle cart of Fig. 23 contacting an electrified rail;
Fig. 25 shows a perspective view of an aisle cart
showing electrical contacts for powering a row cart;
and
Fig. 26 shows a perspective view of a bottom portion
of a row cart showing electrical contacts for receiving
power from the electrical contacts on the aisle cart
shown in Fig. 25.

DETAILED DESCRIPTION

[0010] Reference now will be made in detail to embod-
iments of the invention, one or more examples of which
are illustrated in the drawings. Each example is provided
by way of explanation of the invention, not limitation of
the invention. In fact, it will be apparent to those skilled
in the art that various modifications and variations can
be made in the present invention without departing from
the scope or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can
be used with another embodiment to yield a still further
embodiment. Thus, it is intended that the present inven-
tion covers such modifications and variations as come
within the scope of the appended claims and their equiv-
alents.
[0011] Figs. 1-7 show an example of a rack 50 accord-
ing to certain aspects of the disclosure. It should be un-
derstood that rack 50 as illustrated is but one example
constructed using the present teachings. For example,
rack 50 could be much larger than that shown. Also, mul-
tiple racks could be employed in a given location. There-
fore, rack 50 could be a component of a larger combined
automated storage system. For example, Figs. 18-22,
discussed below with reference to use of the disclosed
structures, shows two side by side racks 50 substantially
larger than that illustrated in Fig. 1. Figs. 20 and 21 also
show related equipment such as lifts and conveyors that
will also be discussed below as part of an overall auto-
mated system. Therefore, it should be understood that
the full scope of the invention includes all such modifica-
tions, extensions and variations.
[0012] As shown in Figs. 1-7, rack 50 includes a plu-
rality of upright elements 52 arranged in a grid, a plurality

of first horizontal elements 54 extending in a first direction
to connect adjacent upright elements, and a plurality of
second horizontal elements 56 extending in a second
direction perpendicular to the first direction. Rack 50 in-
cludes a number of layers 58 formed by such intersecting
horizontal elements 54 and 56. Struts 60 may also be
provided to stiffen the structure.
[0013] The upright elements 52 and horizontal ele-
ments 54 and 56 are connected via fasteners attached
ultimately to a plurality of support brackets 62. Each up-
right element 52 has a plurality of support brackets 62
mounted to it at different heights with each height corre-
sponding to a layer 58. Support brackets 62 are attached
to upright elements 52 by fasteners 64 without welding
(see Fig. 7). Also, mating tabs 66 and slots 68 may be
provided for additional alignment and support assistance
both during assembly and use.
[0014] Each second horizontal element 56 forms one
side of a portion of a track for a row 88 to be travelled by
a row cart 104, as will be described later. Accordingly,
opposing elements 56 mounted to adjacent brackets 62
form such a row track (see Fig. 3). Second horizontal
elements 56 are attached to brackets 62 via fasteners
70 without welding (see Fig. 7). Brackets 62 may have
flanges 72,74,76 for rigidity and for aligning and attaching
second horizontal elements 56, and flange 77 for aligning
and attaching to upright elements 52.
[0015] First horizontal elements 54 provide spacing
and support for elements within rack 50 and may be at-
tached to upright elements 52 with fasteners 78 and to
flange 79 of brackets 62 with additional fasteners 80. End
brackets 82 at ends of rack 50 can be modified versions
of brackets 62, designed to accept only one track element
56, if desired. Again, no welding is required. When goods
are stored in rack 50, the goods are stored in discrete
predetermined locations on rows 88 formed by second
horizontal elements 56. Due to the fastened-together
structure of rack 50, the weight of the rack and the stored
items is transferred to and supported by upright elements
52 substantially via brackets 62. Each of the above ele-
ments can be formed of a metal such as steel or alumi-
num, can be painted, powder coated, etc. as desired.
Due to the wide variation in potential sizes and loading,
one skilled in the art can readily select dimensions and
materials for the elements and fasteners to meet a given
application need.
[0016] Typically, items to be placed on rack 50 will be
moved to and within the rack on a platform 84 such as a
wood, polymer, or metal pallet, although other platforms
could be used, and platforms could be avoided where
large or unitized items are being moved. Accordingly,
mention of moving loads, pallet loads, items or goods
herein is intended to include moving items or goods on
platforms or without platforms.
[0017] Items are moved within rack 50 in each layer
along an aisle 86 and then along one of the rows 88.
Various shuttle devices can be used for such movement
into and out of the rack according to certain aspects of
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the disclosure (see aisle carts 102 and row carts 104 in
Figs. 2-5, discussed in greater detail below). Along aisle
86, horizontal elements 54 may be replaced with or sup-
plemented by track elements 90 to transfer the shuttle
device along the aisle. As discussed below, power can
be provided to the shuttle carts 102 and 104 in various
locations in the rack.
[0018] Fig. 8 shows one example of a dual shuttle 100
useful in the present system and methods. As shown,
dual shuttle 100 includes a first (aisle) cart 102 (Figs 8-11)
and a second (row) cart 104 (Fig. 8 and 12-17) that can
be carried on or driven off the aisle cart. Track portions
106 on aisle cart 102 are sized to complement track sec-
tions 56 of rack 50 allowing row cart 104 to drive on or
off the aisle cart.
[0019] Aisle cart 102 includes two motors 108 and 110.
Motor 108 drives aisle cart 102 up and down track ele-
ments 90 of the respective aisle 86 in which the cart is
located. Motor 110 drives a conveyor 112 on aisle cart
102 for loading and unloading items onto the aisle cart.
It should be understood that conveyor 112 could also be
located on row cart, if desired. Also, it should be under-
stood that conveyor 112 can place items directly onto
aisle cart 102, or can place items on row cart 104 nested
within the aisle cart, both of such modes being considered
moving the items onto the aisle cart and/or moving the
items onto the dual shuttle. Accordingly, as discussed in
greater detail below, various configurations and modes
of operation are possible within the scope of the present
invention.
[0020] Both motors 108,110 can be powered by an en-
ergy storage device such as a battery, capacitor, a com-
bination of a battery and capacitor, or the like charged
by suitable electrical connections (see Figs. 23-26) in
rack 50. If desired, even though an energy storage device
that would output DC current could be employed, motors
108,110 can be AC motors, used with an inverter. Use
of such AC motors with an inverter may provide a less
expensive alternative than use of a DC motor.
[0021] Also, as discussed below, aisle cart 102 can
receive three-wire single phase or three-phase AC power
directly from track elements 90 via an electrified rail/wiper
system. Use of such direct powering allows aisle cart 102
to be constantly and fully electrified, without need for
charging. Also, the weight and space used by the energy
storage devices, inverter, etc., can be eliminated from
each aisle cart 102. Because aisle carts 102 each
traverse only one dedicated aisle 86, electrifying the
aisles with a track (see Figs. 23-26) and wiper contact
interface is a cost effective solution for powering aisle
carts 102.
[0022] Motor 108 is connected to a gear box 114 with
an output gear 116 that drives a chain 118 that drives an
input gear 120 of a shaft 122. Wheels 124 are mounted
to shaft 122. Wheels 126 mounted on shaft 128 may be
idlers. By operating motor 108 in one way or the other,
wheels 124 are rotated clockwise or counterclockwise,
thereby moving aisle cart 102 up and down an aisle in

the rack. If desired an encoder or the like may be attached
to one of the wheels, shaft, motor, gearbox, etc., to pro-
vide feedback and control as to location of cart 102 along
the aisle. Alternatively or in addition, external detection
devices such as optical or laser detectors, rfid elements,
etc., may be used for position sensing and control. Cart
102 may include a wireless communication device (not
shown) for communicating with a controller for the system
to receive signals and provide feedback as to desired
tasks, locations, etc.
[0023] Motor 110 is connected to a gearbox 129 having
a drive gear 130 that drives a chain 132. An input gear
134 of shaft 136 is rotated by chain 132. Two output gears
138 on shaft 136 drive chains 140 of loading/unloading
conveyor 112. Accordingly, driving motor 110 one way
or the other causes chains 140 to move one way or an-
other. Such motion of chains 140 can be used to pull
items onto or push items off aisle cart 102 when desired.
As shown in Fig. 8, when row cart 104 is nested within
aisle cart 102 with its top surface 142 in a retracted (not
raised) position, chains 140 are higher than the top sur-
face. Therefore, movement of chains 140 of loading con-
veyor 112 with row cart 104 in place allows a load, pallet,
etc., to be moved onto aisle cart 102 without interference
by row cart 104. However, carts 102 and 104 could be
configured or operated differently, so that chains 140
move a load onto cart 104, either initially or after lifting
top surface 142 of cart 104, as discussed below. There-
fore, although the description herein shows pallets 84
being supported on chains 140 located on aisle carts
102, the pallets could at times be supported by row carts
104 when the row carts are on aisle carts.
[0024] An example of a row cart 104 is shown in Figs.
12-17. Row cart 104 includes a frame 144 and movable
top surface 142 forming a platform for receiving loads.
Within frame 144 are two motors. Motor 146 drives cart
104 along rows 88 and motor 148 moves top surface 142
up and down. Motor 146 drives a gearbox 150, an output
gear 152 and a chain 154. Chain 154 drives an input gear
156 of shaft 158 on which driven wheels 160 are mount-
ed. Output gears 162 drive chains 164 that drive input
gears 166 of shafts 168 to drive driven wheels 170. Ac-
cordingly, driving motor 146 in one direction or another
rotates wheels 160 and 170 clockwise or counterclock-
wise, thereby moving row cart 104 along a row 88, or
onto or off aisle cart 102.
[0025] Motor 148 lifts top surface 142 off cart 104 when
desired to lift an item off either loading conveyor 112 of
cart 102 or a position within storage rack 50. Motor 148
drives a gearbox 172 and an output gear 174 to drive a
chain 176. Chain 176 drives input gear 178 mounted to
shaft 180, to which camming elements 182 are attached
for rotation with shaft 180 around a substantially horizon-
tal axis. Wheels 184 are idlers that move independently
of shaft 180. Camming elements 182 include lifters 186
which may be in the form of a wheel or the like. Pins 188
and bars 190 connect camming elements 182 with similar
camming elements 192 at the other end of frame 144. If
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desired, a track element 194 (see Fig. 14, removed in
Fig. 15 for clarity) may extend between camming ele-
ments for attachment to or contact with surface 142 when
lifters 186 are activated. Wheels 196 are idlers and an
encoder 198 may be attached for rotation with one of the
wheels 196 or elsewhere to track position, as discussed
above. Use of eight wheels on each row cart 104 assists
in keeping the row cart stable when driving between row
cart 102 and a row 88.
[0026] Figs. 16 and 17 show schematically the lifting
of top surface 142 off frame 144 of row cart 104. As
shown, rotation of motor 148 a small distance causes
chain 176 to move camming elements 182 and camming
elements 192 (via bars 190). Accordingly, wheels 186
are moved so as to raise or lower top surface 142 via
track elements 194. Fig. 17 shows the top surface 142
below the raised level 200, which is higher than the level
202 of loading conveyors 112 on aisle cart 102 when the
carts 102 and 104 are nested, and higher than the level
of track portions 56 on which loads are placed.
[0027] It should be understood that the gears, chains,
etc., used to drive the various components in carts 102
and 104 could be modified in various ways. For example,
multiple motors could be used instead of connecting mul-
tiple driven items by chains and gears. Therefore, the
driving and lifting functions of the carts could be achieved
in various ways within the scope of the invention.
[0028] Cart 104 may be driven via an energy storage
device 204 such as batteries, capacitors, combinations
or batteries and capacitors, or the like. Motors 146, 148
may be DC motors or may be AC motors if an inverter
206 and frequency converter 208 is used (all schemati-
cally shown in Fig. 14). For example, running a battery
at 24 VDC through an inverter to create 230VAC and a
frequency converter to allow use of common 400VAC
motors can provide cost and maintenance savings. Bat-
teries rated in the range of 24 Amp-hours provide suitable
power to travel along rows 88 with loads with the duration
of charging provided by contact with aisle cart 102, as
described below. If energy storage device 204 includes
a capacitor, it may be an ultra-capacitor providing a sub-
stantially equivalent output. Capacitors provide the ben-
efit of quick charging of row cart 104, as described below,
and accordingly can provide for alternate modes of op-
eration.
[0029] Power can be provided to the dual shuttle 100
in various ways. For example, an electrified rail may be
added along aisles 86 within rack 50 to constantly power
aisle cart 102 or charge the energy storage device of the
aisle cart, if desired. Since there are many fewer aisles
86 than rows 88, adding electrification to aisles only can
be cost effective in some applications. Alternatively,
charging could be provided at only one location or some
locations along aisles. Such structure would require an
energy storage device within aisle cart 102.
[0030] Similarly, row cart 104 can be charged via an
electrified rail or via charge from a given location. If de-
sired, aisle cart 102 and row cart 104 may have electrical

contacts so that aisle cart can maintain charge on the
row cart. As there are many more rows 88 than aisles
86, adding rail/wiper electrification to all of the rows while
simplifying the row carts 104 so as to eliminate the energy
storage device and related electronics may not be as
cost effective as employing more electrically complicated
row carts (with batteries or capacitors, for example)
charged via aisle carts 102. However, if capacitors are
used in row carts 104, placing a single charge contact
located at an end of a row adjacent the aisle may be a
suitable mode of charging the row carts. Capacitor charg-
ing occurs in a matter of seconds, and each time a row
cart 104 passes the end of a row, it could pause just long
enough for charging before or after moving onto or off
the aisle cart 102, or charging could occur while the row
cart is idle and the aisle cart is elsewhere. Alternatively,
the capacitor charging contact in the row could be lengthy
enough to charge row cart 104 while moving (without
pausing) to make the system more efficient in terms of
load moves per hour. Electrically connecting the carts
102 and 104 so that row carts 104 are charged by aisle
carts 102, and aisle carts are charged via an electrified
rail, may be the most cost effective solution in some ap-
plications, particularly those with battery powered row
carts. However, it should be understood that various
methods and systems of electrical delivery and usage
are possible within the present invention.
[0031] Figs. 18-22 show diagrammatically a large sys-
tem, using two individual racks 300, much larger than
rack 50, arranged side by side with a number of pieces
of auxiliary equipment. For clarity, certain structure of the
previous figures has been eliminated from Figs. 18-22
so as to focus on overall layout and function.
[0032] As shown, racks 300 each include two lifts 302,
one on either side of an aisle 303. Use of two lifts 302,
particularly in a large system, optionally allows greater
throughput. Each lift 302 includes a lift platform 304 onto
which items 306 are placed, as illustrated goods/items
308 on pallets 310. Each lift platform 304 is moved up
and down rack 300 along a frame 312 between layers
314 (in this case six, layers).
[0033] A system 316 of feed and delivery conveyors
can be provided adjacent lifts 302 and racks 300. As
shown, first conveyors 318 adjacent lifts 302 fed by sec-
ond conveyors 320 can transfer items to and from the lift
platforms 304. An array of third conveyors 322 can be
provided along with a common conveyor 324. Third con-
veyors 322 can be used with individual vehicles, for ex-
ample, for loading and unloading. Common conveyor 324
can use a transfer cart 326 similar to aisle cart 102 for
receiving items from one of the third conveyors 322 and
distributing it to one of the second conveyors 322 (or vice
versa). The various conveyors disclosed can be driven
or idler rollers, belt conveyors, chain conveyors, etc., as
desired, with appropriate motor drives, in various possi-
ble orientations and arrangements. The logic and deci-
sion making for storage and retrieval of items in racks
300 can be controlled by various types of systems avail-
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able from various sources, including ITW Warehouse Au-
tomation, using programmable logic controllers or the
like. Accordingly, it should be understood that various
different systems 316 for feed and delivery of items, as
well as logic and management of items are all within the
scope of the present invention.
[0034] Preferably, lift platforms 304 each include a mo-
tor driven conveyor 328 with at least one chain or belt
similar to conveyor 112 on shuttle carts 100. Lift convey-
ors 328 can be used to move items onto or off lift platforms
304 when desired. If some spacing exists between lifts
302 and aisles 303, that can be taken up by a buffer
conveyor 330. Each buffer conveyor 330 can also have
one or more motor-driven conveyors 331 such as a chain,
belt or the like, however the buffer conveyors could be
idlers between the driven lift platform conveyors 328 and
the aisles where shuttles 100 are located. If desired, all
of the lift platforms 304, buffer conveyors 330 and shuttles
100 (aisle carts 102 and/or row carts 104) may include
driven chain or belt conveyors on top surfaces for selec-
tively moving items. Accordingly, a lift 302 can place an
item on a buffer conveyor 330 in an upper layer when
aisle cart 102 is not in a loading position at the end of
aisle 303 next to the buffer conveyor, and then the lift
can return to the base layer to retrieve another item while
the aisle cart returns to retrieve the placed item. Multiple
items can be located on a given buffer conveyor 330 while
the dual shuttle carts 102/104 do their work placing other
items, or while waiting for the lift 302 to return to pick
them up to deliver them out of rack 300. If buffer conveyor
330 is used and is also motorized, when aisle cart 102
returns to the loading position, buffer conveyor 330 and
aisle cart conveyor 112 can be activated simultaneously
to pull the item onto the aisle cart. By loading aisle cart
102 using an onboard conveyor 112, row cart 104 need
not be sent off and back on the aisle cart for loading,
which saves time and energy within the row cart’s bat-
teries. Use of and/or motorizing buffer conveyor 330 fur-
ther assists in this efficiency but is not required in all ap-
plications.
[0035] For example, in some conventional applications
without an onboard conveyor such as conveyor 112
where a row cart leaves an aisle cart at a loading position
of a rack system adjacent a lift or the like, an amount of
time in the range of about 22-25 seconds is required to
move a load from the lift to the aisle cart. In this time, the
row cart must start moving off the aisle cart, accelerate,
travel, decelerate, stop moving at the lift, pick up a load,
start moving off the lift, accelerate, travel, decelerate,
stop moving at the aisle cart, and then lower the load into
the aisle cart. The time used by such activity impacts the
number of pallet moves per hour. In some large rack sys-
tems with 1000-1500 items stored in approximately 50
sets of rows along an aisle, shuttle systems that load
aisle carts using row carts as above make in the range
of 20-25 pallet moves per hour. Such aisle cart loading
activity also causes the row cart to be off the aisle cart
twice per each pallet move (receiving the pallet and de-

positing the pallet), thereby using more energy per pallet
move, causing a larger, heavier battery to be needed,
due to both more activity and less opportunity for charging
per pallet move.
[0036] Using the disclosed shuttle 100 with the load-
ing/unloading conveyor 112 located on one of carts
102,104, the time needed to load a pallet at a loading
position adjacent a lift in a system of the above size is
reduced to the range of less than about 15 seconds and
may be in the range of about 5-7 seconds. Therefore, if
15-20 seconds are saved per pallet move using the dis-
closed shuttle 100 with loading/unloading conveyor 112,
several more pallet moves per hour are possible render-
ing the entire system more efficient and/or allowing the
size of the rack serviced by a shuttle to be enlarged.
[0037] Efficiency in terms of pallet moves per hour can
also be achieved by driving carts 102 and 104 faster than
in conventional systems, of course within limits so as to
not mishandle loads. For example, driving row carts 104
at a speed in the range of 4.0 m/s vs. a speed of 2.25
m/s as in certain available systems provides further pallet
move per hour improvement. Acceleration and deceler-
ation can be increased as well to the range of 0.5 m/s2

from 0.17 m/s2 as in certain available systems.
[0038] Accordingly, for a rack system sized as above
(1000-1500 items per layer in 50 sets of rows along an
aisle), pallet moves can be increased to a range of above
30 pallet moves per hour, and further to a range of 40-45
or greater pallet moves per hour, through use of the on-
board loading/unloading conveyor 112 and driving row
carts 104 and/or aisle carts 102 faster. Therefore, pallet
moves per hour for a given size rack can be more or less
doubled using the various teachings of the present dis-
closure.
[0039] Further, simultaneous separate operation of
row and aisle carts at least some of the time can help
achieve some additional efficiency benefits. For exam-
ple, if row carts 104 are not located on aisle carts 102 for
charging while the aisle carts return from a row to the
loading/unloading area with a load (or to get a load), the
row carts can be active simultaneously in a row to get or
return a load. Simultaneous separate operation of row
and aisle carts therefore can provide even further effi-
ciency benefits or as many as 60 pallet moves per hour
or more, when used with the above improvements as
well. Such simultaneous operation may be achieved by
allowing row carts 104 to be charged sometimes or al-
ways off aisle carts 102, for example in rows. Alterna-
tively, such simultaneous operation could occur on a
more limited basis if even if charging is done only on aisle
carts 102. It should be understood that not all aspects of
the disclosure need be used or used to the extent men-
tioned above in all applications within the scope of the
invention. Further, improvement in function, stability, op-
eration, etc., does not require an improvement in pallet
moves per hour in all aspects of the invention.
[0040] Figs. 18-21 show the use of lifts 302 and buffer
conveyors 330 to get items onto dual shuttles 100 (in-
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cluding nested carts 102 and 104) at the loading position.
Fig. 22 shows that dual shuttle 100 has traveled down
an aisle 303 to a desired row 332. Row cart 104 has
raised its upper surface 142 to lift the item off conveyors
112 of aisle cart 102 and has left the aisle cart to deliver
the item to a desired location in the row 332. Aisle cart
102 may wait for row cart 104 or may return to the lift
area for another load while the row cart operates. After
reaching the desired location, row cart 104 will lower its
upper surface 142 to place the item. Row cart 104 may
then return down the row to nest within aisle cart 102, if
the aisle cart is waiting for the row cart, or to wait for the
aisle cart to return. Aisle cart 102 will then either move
down aisle 303 to a different row to retrieve an item from
storage, sending row cart 104 out to do so, or return to
the loading area at the end of the aisle to obtain an ad-
ditional item to place into storage, or allow row cart 104
to take a load to the present row or a different row if the
aisle cart had left to get another load while the row cart
was operating. These patterns repeat as controlled by
the master controller of the entire automated warehous-
ing system, as desired.
[0041] The retrieval of items from the rack is essentially
the same pattern in reverse. Row cart 104 gets a load,
carries it to the aisle cart 102, and the two carts return
nested to the loading/unloading position at the end of the
aisle. At that point, conveyor 112 drives the load off the
shuttle 100.
[0042] As stated, to achieve greater pallet move per
hour efficiency, carts 102 and 104 need not always be
nested when aisle cart 102 moves between to the rows
and the loading/unloading position at the ends of the
aisles. Therefore, during a storing operation, as soon as
row cart 104 leaves aisle cart 102 with a load, the aisle
cart could return to the loading area to get another load.
Aisle cart 102 could then return to retrieve row cart 104,
which would drive onto the aisle cart beneath the second
load. If the second load is to be placed in the same row,
row cart 104 could place the load in the row, and the
process could repeat. Similar function can occur during
retrieval, as aisle cart 102 can be moving a retrieved load
down the aisle to the loading/unloading position while
row cart 104 is moving along a row to get the next load,
either in the same row as previously or a different row
(as dropped off by the aisle cart).
[0043] However, operation of the row cart and aisle
carts separately in such fashion reduces the nested time
of the row cart on the aisle cart. If row cart 104 is to be
powered and charged by contact only with aisle cart 102,
only a limited, defined amount of usage time off the aisle
cart is advisable before the energy storage device in row
cart 104 would be drained. The overall control system
can optionally monitor and control such operation if need-
ed to limit such operation in various ways, such as to
allow only a certain number of row cart trips per hour, to
require a certain amount of nested time per hour, to allow
for only a certain number of successive row trips or row
trips only a certain distance from the loading area or from

each other, etc. Such limitations might not be needed if
row carts 104 are charged or powered by wiping contact
with electrified rails on rows or other method apart from
nesting on aisle carts 102. Row carts 104 can operate
more independently from aisle carts 102 if they have a
capacitor or ultra-capacitor based energy storage device,
as such can be charged quickly by charging pads in the
rows, either instead of or in addition to charging on the
aisle carts.
[0044] Figs. 23-26 show one example of electrical con-
nections that could be used to power the aisle and row
carts. As shown, aisle cart 102 can include an electrical
contact 400 in the form of a brush, wiper, etc., for receiv-
ing power from an electrified track 402 on the side ele-
ments 90 forming part of the aisle cart track. As shown,
brush 400 has four contacts 404, 406, 408, 410, that can
be used to contact individual elements 412, 414, 416,
418 on track 402 for three-phase power AC supply plus
ground. If desired, single-phase AC power could also be
provided with positive/negative connections plus ground.
Using a sliding connection in this fashion may be simpler
than providing a cable connection to aisle cart 102 in
some applications, although that could also be employed
as an option.
[0045] A contact 420 on top of aisle cart 102 includes
two spring-loaded elements 422, 424 for contacting two
plates 426, 428 on an electrical connector portion 430 of
row cart 104. The storage element (battery and/or ca-
pacitor) on row cart 104 can be charged whenever it is
located on aisle cart 102 via contact between elements
422, 424 and plates 426,428. The location of elements
422,424 and plates 426,428 can be reversed between
the carts. Alternatively, instead of placing elements 422,
424 (or 426,428) on aisle cart 102, such elements could
be placed in the rack, for example in the center of the
end of each row adjacent the aisle. Such location could
be particularly useful if capacitors or ultra-capacitors are
employed as an energy storage device within carts 104.
As a further alternative, row carts 104 could employ a
wiper and track system as disclosed for aisle carts 102
above for direct powering or charging or an energy stor-
age device. Various devices suitable for making the elec-
trical connections between the aisle cart track 90 and
aisle cart 102, and between the aisle cart and row cart
104 or rack, are available from Vahle Electrification Sys-
tems.
[0046] Use of such power delivery systems allowing
the row carts 104 to be charged on the aisle carts 102
and/or within rack, while also driving the row carts off the
aisle carts to go up and down rows and not to have to
load or unload at the loading locations at the lift platforms
304, provides various benefits. First, the system can
move more loads per hour, as using the lift conveyor 328
and optional buffer conveyor 331 chains to move loads
between the lifts and dual shuttle is generally faster than
driving the row cart 104 back and forth off the aisle cart
102 to do so. Also, keeping the row cart 104 on the aisle
cart 102 for more time provides more time within a duty
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cycle for charging and/or allows for use of a smaller stor-
age device in the row cart, thereby potentially providing
cost savings for the storage device and the motor used
to drive it. However, within certain aspects of the inven-
tion even if a row cart 104 is driven off an aisle cart 102
to load and unload items at a loading/unloading position
the end of the aisle, other disclosed structures and meth-
ods above provide other benefits within the scope of the
present invention.
[0047] In view of the above, a rack, a dual shuttle, an
aisle cart, a row cart, and an automated warehousing
system are disclosed having various benefits. Further,
methods of use of such items are disclosed. The systems
may allow for a more rapid storage and retrieval of items,
may employ smaller and more efficient carts, and may
be easier to assemble and use. Numerous benefits are
provided by the various disclosed subject matter curing
at least some of the drawbacks posed by conventional
systems.
[0048] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they include structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

Claims

1. A storage rack (50; 300) for use with a cart (102,104)
comprising:

a plurality of upright elements (52) arranged in
a grid;
a plurality of support brackets (62), each upright
element having a plurality of the support brack-
ets mounted to it at different heights, each height
corresponding to a layer (58) in the storage rack,
the support brackets being attached to the up-
right elements by fasteners (64) without welding;
a plurality of first horizontal elements (54) ex-
tending in a first direction to connect adjacent
upright elements, the first horizontal elements
being attached via fasteners without welding, at
least some of the first horizontal elements form-
ing an aisle (86; 303) track for a cart;
a plurality of second horizontal elements (56)
attached to the support brackets extending in a
second direction perpendicular to the first direc-
tion, two adjacent second horizontal elements
mounted to support brackets on adjacent upright

elements forming a row (88) track for a cart with
each of the second horizontal elements forming
one side of the row track, the row tracks config-
ured for storing items thereon placed by the cart,
the second horizontal elements being attached
to the support brackets via fasteners without
welding, whereby the weight of the row tracks
and any item stored thereon is supported by the
upright elements via the support brackets; and
a lift (302) substantially adjacent the rack for lift-
ing items to the respective loading positions for
the layers, the lift including a platform (304) hav-
ing a conveyor (328) for moving items off the lift
platform and toward the loading positions of the
respective layers, each layer of the rack includ-
ing a buffer conveyor (330, 331) adjacent the
loading position arranged to transfer items from
the lift platform to the loading position when the
cart is not in the loading position next to the buff-
er conveyor.

2. The storage rack (50; 300) of claim 1, wherein one
of either the brackets (62) or the upright elements
(52) has at least one tab (66) thereon configured for
placement in a slot (68) defined in the other of the
brackets and the upright elements.

3. The storage rack (50; 300) of one of claims 1 or 2,
wherein the first horizontal elements (54) are at-
tached to the upright elements (52) at least in part
via the brackets (62).

4. The storage rack (50; 300) of one of claims 1 to 3,
wherein electrical connection elements are located
on at least one of the first horizontal elements (54)
and the second horizontal elements (56) for provid-
ing electricity to the cart.

5. The storage rack (50; 300) of claim 4, wherein the
electrical connection elements include an electrified
track for contacting a wiper on the cart.

6. The storage rack (50; 300) of claim 1, wherein the
cart is a dual shuttle (100) that includes a first cart
(102) movable along the aisle (86; 303) and a second
cart (104) configured to be carried by the first cart
and to be movable off the first cart along a row (88)
while carrying an item.

Patentansprüche

1. Lagergestell (50; 300) zur Verwendung mit einem
Wagen (102, 104), das Folgendes umfasst:

eine Vielzahl vertikaler Bauteile (52), die in ei-
nem Gitter angeordnet sind;
eine Vielzahl von Tragarmen (62), wobei jedes
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vertikale Bauteil eine Vielzahl der Tragarme auf-
weist, die in unterschiedlichen Höhen an ihm
montiert sind, wobei jede Höhe einer Ebene (58)
im Lagergestell entspricht und die Tragarme
durch Befestigungsmittel (64) ohne Schwei-
ßung an den vertikalen Bauteilen angebracht
sind;
eine Vielzahl erster horizontaler Bauteile (54),
die sich in eine erste Richtung erstrecken, um
benachbarte vertikale Bauteile zu verbinden,
wobei die ersten horizontalen Bauteile über Be-
festigungsmittel ohne Schweißung angebracht
sind und mindestens einige der ersten horizon-
talen Bauteile eine Strecke eines Gangs (86;
303) für einen Wagen bilden;
eine Vielzahl zweiter horizontaler Bauteile (56),
die an den Tragarmen angebracht sind, die sich
in eine zweite Richtung, die senkrecht zur ersten
Richtung ist, erstrecken, wobei zwei benachbar-
te zweite horizontale Bauteile an Tragarmen auf
benachbarten vertikalen Bauteilen montiert
sind, die eine Strecke einer Reihe (88) für einen
Wagen bilden, wobei jedes der zweiten horizon-
talen Bauteile eine Seite der Reihenstrecke bil-
det, wobei die Reihenstrecken für eine Lage-
rung von durch den Wagen platzierten Gegen-
ständen darauf ausgestaltet sind und die zwei-
ten horizontalen Bauteile über Befestigungsmit-
tel ohne Schweißung an den Tragarmen ange-
bracht sind, wodurch das Gewicht der Reihen-
strecken und jeglicher darauf gelagerter Gegen-
stände von den vertikalen Bauteilen über die
Tragarme getragen wird; und
eine Hubvorrichtung (302), die im Wesentlichen
benachbart zum Gestell ist, um Gegenstände in
die jeweiligen Ladepositionen für die Ebenen zu
heben, wobei die Hubvorrichtung eine Plattform
(304) enthält, die einen Förderer (328) aufweist,
um Gegenstände von der Hubplattform weg und
zu den Ladepositionen der jeweiligen Ebenen
hin zu bewegen, wobei jede Ebene des Gestells
einen zur Ladeposition benachbarten Stauför-
derer (330, 331) enthält, der angeordnet ist, um
Gegenstände von der Hubplattform zur Lade-
position weiterzuleiten, wenn der Wagen nicht
in der Ladeposition neben dem Stauförderer ist.

2. Lagergestell (50; 300) nach Anspruch 1, wobei auf
einem Element der aus den Armen (62) und den ver-
tikalen Bauteilen (52) bestehenden Gruppe mindes-
tens eine Lasche (66) ist, die so ausgestaltet ist, dass
sie sich in einem Schlitz (68) platzieren lässt, der in
dem anderen Element der aus den Armen und den
vertikalen Bauteilen bestehenden Gruppe definiert
ist.

3. Lagergestell (50; 300) nach einem der Ansprüche 1
und 2, wobei die ersten horizontalen Bauteile (54)

mindestens teilweise über die Arme (62) an den ver-
tikalen Bauteilen (52) angebracht sind.

4. Lagergestell (50; 300) nach einem der Ansprüche 1
bis 3, wobei sich auf den ersten horizontalen Bau-
teilen (54) und/oder den zweiten horizontalen Bau-
teilen (56) Bauteile für eine elektrische Verbindung
befinden, um den Wagen mit Strom zu versorgen.

5. Lagergestell (50; 300) nach Anspruch 4, wobei die
Bauteile für eine elektrische Verbindung eine elek-
trifizierte Strecke zum Berühren eines Wischers auf
dem Wagen enthalten.

6. Lagergestell (50; 300) nach Anspruch 1, wobei der
Wagen ein Doppel-Shuttle (100) ist, der einen ersten
Wagen (102), der entlang dem Gang (86; 303) be-
wegbar ist, und einen zweiten Wagen (104) enthält,
der so ausgestaltet ist, dass er durch den ersten Wa-
gen befördert werden kann und entlang einer Reihe
(88) vom ersten Wagen weg bewegbar ist, während
ein Gegenstand befördert wird.

Revendications

1. Rayonnage de stockage (50; 300) à utiliser avec un
chariot (102, 104), comprenant:

une pluralité d’éléments verticaux (52) agencés
en une grille;
une pluralité de consoles de support (62), cha-
que élément vertical présentant une pluralité
des consoles de support montées sur celui-ci à
des hauteurs différentes, chaque hauteur cor-
respondant à une couche (58) dans le rayonna-
ge de stockage, les consoles de support étant
attachées aux éléments verticaux par des élé-
ments de fixation (64) sans soudage;
une pluralité de premiers éléments horizontaux
(54) qui s’étendent dans une première direction
afin de connecter des éléments verticaux adja-
cents, les premiers éléments horizontaux étant
attachés à l’aide d’éléments de fixation sans
soudage, au moins plusieurs des premiers élé-
ments horizontaux formant un passage d’allée
(86; 303) pour un chariot;
une pluralité de seconds éléments horizontaux
(56) attachés aux consoles de support et s’éten-
dant dans une seconde direction perpendiculai-
re à la première direction, deux seconds élé-
ments horizontaux adjacents montés sur des
consoles de support sur des éléments verticaux
adjacents formant un passage de rangée (88)
pour un chariot, chacun des seconds éléments
horizontaux formant un côté du passage de ran-
gée, les passages de rangée étant configurés
de manière à stocker des articles sur ceux-ci
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placés par le chariot, les seconds éléments ho-
rizontaux étant attachés aux consoles de sup-
port par l’intermédiaire d’éléments de fixation
sans soudage, moyennant quoi le poids des
passages de rangée et de tout article stocké sur
ceux-ci est supporté par les éléments verticaux
par l’intermédiaire des consoles de support; et
un élévateur (302) sensiblement adjacent au
rayonnage pour élever des articles jusqu’aux
positions de chargement respectives pour les
couches, l’élévateur comprenant une plate-for-
me (304) équipée d’un convoyeur (328) pour dé-
placer des articles hors de la plate-forme de
l’élévateur et en direction des positions de char-
gement des couches respectives, chaque cou-
che du rayonnage comprenant un convoyeur
tampon (330, 331) à proximité de la position de
chargement et agencé de manière à transférer
des articles depuis la plate-forme de l’élévateur
jusqu’à la position de chargement lorsque le
chariot ne se trouve pas dans la position de char-
gement à côté du convoyeur tampon.

2. Rayonnage de stockage (50; 300) selon la revendi-
cation 1, dans lequel un composant parmi les con-
soles (62) et les éléments verticaux (52) comporte
au moins une patte (66) configurée pour être placée
dans une fente (68) définie dans l’autre composant
parmi les consoles et les éléments verticaux.

3. Rayonnage de stockage (50; 300) selon l’une des
revendications 1 ou 2, dans lequel les premiers élé-
ments horizontaux (54) sont attachés aux éléments
verticaux (52) au moins en partie par l’intermédiaire
des consoles (62).

4. Rayonnage de stockage (50; 300) selon l’une des
revendications 1 à 3, dans lequel des éléments de
connexion électrique sont situés sur au moins soit
les premiers éléments horizontaux (54), soit les se-
conds éléments horizontaux (56) afin de fournir de
l’électricité au chariot.

5. Rayonnage de stockage (50; 300) selon la revendi-
cation 4, dans lequel les éléments de connexion
électrique comprennent une piste électrifiée desti-
née à entrer en contact avec un patin sur le chariot.

6. Rayonnage de stockage (50; 300) selon la revendi-
cation 1, dans lequel le chariot est une double na-
vette (100) comprenant un premier chariot (102) mo-
bile le long de l’allée (86; 303) et un second chariot
(104) configuré de manière à être porté par le pre-
mier chariot et à se désolidariser du premier chariot
pour se déplacer le long d’une rangée (88) tout en
portant un article.
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