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SYSTEM FOR STORAGE AND RETRIEVAL 
OF WAREHOUSABLE OBJECTS 

[0001] This application is a continuation of copending US. 
application Ser. No. 11/098,224 ?led Apr. 4, 2005, Which in 
turn claims the bene?t of US. Provisional Application 
60/558,822 ?led Apr. 2, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention relates generally to solutions for stor 
ing, moving, and retrieving objects in Warehousing or high 
density storage environments. More particularly, the inven 
tion is directed toWard a system for racking or storage and 
retrieval of multiple items as in a Warehouse or librarying 
environment. 
[0004] 2. Description of RelatedArt 
[0005] The industry is aWare of the need for increasing 
ef?ciency and capabilities of storage in high density situa 
tions. In the art, Warehouses and high volume storage are 
typically effected With the use of devices that rely upon an 
overhead or ?oor-based support. By Way of example, forklifts 
are frequently employed, Which ride on the ?oor, and lift 
products to various shelving levels. Passage under the fork 
lifts for persons, other equipment, and the like is not practi 
cable. Altemately, the industry uses overhead cranes and 
tracks to guide products to storage shelving. Similarly, the 
number of operable pendant systems is limited by the fact that 
such devices have dif?culty passing one another. 

OBJECTS OF THE INVENTION 

[0006] The folloWing stated objects of the invention are 
alternative and exemplary objects only, and should not be 
read as required for the practice of the invention, or as an 
exhaustive listing of objects accomplished. 
[0007] An exemplary and non-exclusive alternative object 
of this invention is to provide a multilevel storage and 
retrieval vehicle and for use With an associated racking sys 
tem. 

[0008] A further exemplary and non-exclusive alternative 
object is to provide a multilevel storage and retrieval vehicle 
and racking system in Which a vehicle can move independent 
of the ?oor or overhead cranes. 

[0009] Still further exemplary advantages could be recited, 
though not all are necessary for a system or device to fall 
Within the scope of this invention. For (non-limiting) 
example, only, the described system does not necessarily 
include a boom or mast yet it can reach extremely high areas 
Within a storage facility. Unlike industrial trucks or fork lifts, 
it has a reduced tendency to “tip over;” the vehicle 10 can 
operate above head-height of personnel, creating an “area 
system” virtually eliminating human contact or interference; 
the vehicle 10 may be con?gured to negotiate very narroW 
aisles at much greater speeds than traditional devices like a 
bridge crane, and to pass over stored items, yet unlike a crane 
also can travel under stored items; it requires in some con 
?gurations no heavy counterWeight, and therefore could be 
made more economical and ?exible than traditional solu 
tions; it may Work Well in unusual environments i.e., froZen, 
Wet, haZardous, or underground; it has particular usefulness 
in ships and mobile equipment, as the entire storage area 
might be tilted or incur severe shock from outside; in addition, 
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depending upon desire, one vehicle can be used to store, 
retrieve and deliver items saving many steps in process; the 
described system may be computer controlled saving opera 
tor cost and reducing errors. These discussed advantages are 
exemplary only, and absence of any or all of these should not 
be construed as limiting the scope of the invention. 
[0010] The above objects and advantages are neither 
exhaustive nor individually critical to the spirit and practice of 
the invention. Other or alternative objects and advantages of 
the present invention Will become apparent to those skilled in 
the art from the folloWing description of the invention. 

BRIEF SUMMARY OF THE INVENTION 

[0011] A track system for storage and retrieval of materials 
for use With Warehousing vehicle that rides upon tracks in 
horiZontal con?guration for storage locations, and that is 
capable of sWitching to and riding a sloped track to ascend or 
descend vertically. A set of transition exchanges alloWs the 
vehicle to access multiple levels of storage “?ooring” or 
shelving. The exchanges use ramps, or movable sections of 
railWay, that may be moved out of the Way of a set of Wheels 
of the vehicle, While other ramps are set in place to provide 
support to some Wheels of the vehicle, Whereby the vehicle 
may selectively either travel along the elevator track, or to 
move betWeen elevator track and level storage locations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs a diagram of an Warehousing vehicle 
for use With the present invention, resting on a segment of 
track. 
[0013] FIG. 2 depicts an Warehousing vehicle for use the 
present invention from a side vieW. 
[0014] FIG. 3 shoWs a side vieW of the Warehousing vehicle 
for use With the present invention, in connection With a track 
system for the present invention. 
[0015] FIG. 4 shoWs a side vieW of a different con?guration 
of the track system, With storage beneath the elevator track. 
[0016] FIG. 5 shoWs a vieW of an alternative embodiment, 
located on a level run of track 

[0017] FIG. 6 shoWs the same vehicle as in FIG. 5, con?g 
ured With Wheels positioned for a slope of an elevator track 
[0018] FIG. 7 shoWs a top doWn vieW of the vehicle on rails 
[0019] FIG. 8 shoWs a vehicle passing through an 
exchange, With the upper, traction Wheels in a pathWay. 
[0020] FIG. 9 shoWs the same position and vehicle as FIG. 
8, but from a rear perspective angle 
[0021] FIG. 10 shoWs the same position and vehicle as in 
FIGS. 8 and 9, but from a front perspective angle. 
[0022] FIG. 11 shoWs a vieW similar to that in FIG. 9, but 
for use With a storage racking system in Which the storage is 
above the elevator track. 
[0023] FIG. 12 is a rendition of the vehicle on a track near 
storage bins. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The folloWing is a detailed description of the inven 
tion. Those skilled in the art Will understand that the speci 
?city provided herein is intended for illustrative purposes 
With respect to the inventor’s preferred and most preferred 
embodiments, and is not to be interpreted as limiting the 
scope of the invention. The inventor notes that it uses the term 
“rails” to refer to any Weight-bearing con?guration such as 
beams, planks, pipes, runners, paired-and-recessed grooves, 
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etc. Within the meaning of a “rail,” a set of paired upper and 
loWer surfaces may be created from separate components to 
make a single rail. Where the inventor describes Wheels, it 
Will be understood that serpentine belts, conveyor tracks, 
bearings, skids, skis, and rollers, or multiples of these, or 
other knoWn movement mechanisms may be employed. 
[0025] This system is applicable to a type of Automated 
Storage and Retrieval System also knoWn as AS/RS in the art 
of materials handling. This disclosure addresses several alter 
native con?gurations of such equipment design. There may 
be a need for multiple changes in scale and con?guration, all 
of Which remain in the spirit and scope of the invention, as 
material handling in nature is often very diverse and speci?c 
to many types of materials and the manner in Which they are 
to be handled, stored and delivered. The described materials 
handling system may be con?gured to take advantage of any 
of many alternative advantages over current devices. 
[0026] The system may contain the folloWing (separately, 
together, or among others). 
[0027] 1. Transport Equipment 
[0028] 2. Positioning Equipment 
[0029] 3. Load Development Equipment 
[0030] 4. Incline to level Exchanges 
[0031] 5. Storage Equipment 
[0032] 6. Remote Access track or tracks 
[0033] 7. And/or other Features 
[0034] The student of this disclosure Will see that the trans 
port equipment is a track-guided or track-riding vehicle that 
may exhibit capabilities overlapping those of a bridge crane 
or forklifts. Described generally, the system involves a 
vehicle 10 that rides on a track 4. More speci?cally, the track 
4 may be split into vertically (and possibly horizontally) 
separated tracks 4, such that the vehicle 10 can travel on any 
number of levels of track 4 for storage or movement purposes 
(see generally FIG. 3). In an aspect taught herein, the set of 
tracks 4 is provided With an elevator track 30, Which is similar 
to the other tracks 4, but crosses or intersects With multiple 
levels of the tracks 4. It Will be seen (e.g., FIG. 3) that the 
elevator track 30, by crossing other tracks 4, provides a path 
for travel of the vehicle 10 alloWing it to both travel along 
tracks 4 (or access them for dropping off or picking up items 
for storage), and to move betWeen or among such tracks 4, 
changing levels as may be necessary. In order to facilitate 
such activity, the intersection of elevator track 3 0 and track(s) 
4 is provided With “exchanges,” Which are further described 
herein. As should be understood, if the exchanges Were static 
con?gurations in Which the elevator track 30 and the track(s) 
4 Were in a ?xed relationship, passage of the vehicle 10 to 
multiple tracks or locations Would not be possible. For 
example, Where the elevator track 30 is a perfectly plumb 
track, and the track(s) 4 are perfectly horizontal, each of the 
tracks 4 Would intersect the elevator track 30 at a “T” inter 
section. A set of three tracks 4 connected to a single elevator 
track 30 Would look like an “E” in one con?guration (the 
horizontal bars of the E being the tracks 4, and the vertical bar 
being the elevator track 30). In such a con?guration, there 
Would be no Way for the vehicle 10 to pass along the loWest 
track 4, travel up the elevator track 30, and ride along the top 
of either the highest or second highest track 4. This is because 
the static connection betWeen the elevator track 30 and tracks 
4 (e. g., in the example, betWeen the vertical bar and the 
horizontal bars) Would prevent passage of the Wheels or the 
body of the vehicle 10 from one level to the next. Certain 
described embodiments of the present invention address this 
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problem by creating exchanges that operate by opening path 
Ways for Wheels of the vehicle 10 to pass through. Basically 
speaking, then, the exchanges involve having “ramps” and 
“pathWays,” With the ramps being movable sections of track 
(Whether of track(s) 4 or elevator track 30) that are made to be 
present for a Wheel to ride upon either during a transition from 
track 4 to elevator track 30 or, separately, during continued 
travel along elevator track 30, and With “pathWays” being 
created by moving a movable section of the track (again, 
Whether of track(s) 4 or elevator track 30) aWay from the 
desired line of travel along the track so that the Wheel can pass 
through that area. Stated another Way, paths are created by 
removing a section of track When and Where a Wheel or 
portion of the vehicle 10 needs to essentially pass “through” 
the track’s fully connected con?guration. 
[0035] Described basically as shoWn in the embodiment of 
FIG. 1, the vehicle 10 includes tWo sets of Wheels, 2 and 3, and 
a load platform 6. The body of vehicle 10 may include side 
panels 1, a drive source 9, and axles 8. Side panels 1 can be 
substituted With or made part of any other body structure, 
such as a unitary body structure as shoWn in FIG. 1. Further 
embellishments may include a poWer source such as battery 
packs 5 (see FIG. 12), and storage bin actuators for control of 
action of bins, tracks, or shelving (or other items), or other 
features. As seen from FIG. 1, the vehicle 10 may be mounted 
on a track 4 (the track 4 being shoWn truncated for ease of 
depiction). FIG. 2 is a side vieW of the vehicle 10 on a track 4 
(again, the track 4 being truncated in the draWing). Track 4 
may be located on (or con?gured as grooves recessed Within) 
opposite Walls of an area, on shelves on either side of an aisle, 
or as free-standing racks of tracks Within a facility. Stated 
generally, the vehicle 10 in the shoWn embodiment rides on 
track 4, With contact above the track 4 made via top running 
“traction Wheels” 2. LoWer running “road Wheels” 3 are pro 
vided beloW the track 4 and to the rear of the traction Wheels 
2 opposite the center of gravity (in its loaded and unloaded 
condition) of the vehicle 10. These road Wheels 3 thus termi 
nate a natural tendency of vehicle 10 to rotate about the 
traction Wheels 2, thereby increasing traction, stability and 
providing for proper load positioning. The center of gravity 
thus generally is forWard of the traction Wheels 2, opposite of 
the road Wheels 3 (horizontally speaking). The vehicle 10 
thus maintains contact With the track 4 in a cantilever manner. 
The Wheels may extend outside of the vehicle 10 and load 
platform 6, alloWing vehicle 10 and the load platform 6 to rest 
and move comfortably betWeen the rails of the track 4. The 
vehicle 10, and particularly load platform 6 is shoWn in line 
With the track 4, With the Wheels 2 and 3 meeting the track 4 
on upper and loWer sides, respectively. As Will be apparent, 
the greater the Weight of the load, the greater the friction/ 
cantilever effect, and thus the greater traction. 
[0036] It Will be seen that by track 4 is meant a horizontally 
separated paired or set of rails that are con?gured to sit to 
either side of the vehicle 10. Each set of Wheels (2 and 3) 
comprise at least tWo Wheels, one for contacting the ?rst rail 
of the track on a ?rst side of the vehicle 10, and the other for 
contacting the second rail of the track on the second side of 
the vehicle 10. Each set of Wheels, then, could actually even 
comprise a single cylindrical or tubularmember that spans the 
gap and contacts both the ?rst rail and the second rail, With the 
ends of the tube being considered the Wheels Where touching 
the rails. Altemately, the sets could include multiple Wheels in 
contact With the ?rst rail and multiple Wheels that contact the 
second rail. Such multiple Wheels could be con?gured in 
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many relationships, including possibly using a Wheel chassis 
that pivots about an axis (see, e.g., FIGS. 5 and 6, and FIGS. 
1 and 2). 
[0037] The vehicle 10 may in some embodiments be self 
propelled, including from either an on-board or external 
poWer supply or both. It also may be provided With any 
desired handling and manipulating devices, such as actuators, 
and platforms 6, or With other equipment suitable for placing, 
extending, retrieving, adjusting, manipulating or transporting 
items. Such devices may include advanced features such as 
robotic arms, carousels, and/or vending equipment. In addi 
tion, the vehicle 10 may be provided With onboard data col 
lection and or transmission system, and other computer pro 
cessing to communicate With external control and or 
monitoring stations. The vehicle 10 can take advantage of 
product identi?cation devices commonly used in the industry 
for inventory control, product acquisition and or recognition. 
Radio Frequency I.D., bar codes and magnetic stripe are some 
non-limiting examples of product identi?cation systems to be 
used. Location detection Within the facility can also be used 
independently or in conjunction With product identi?cation 
systems for the same purpose. For example, in some instal 
lations the vehicle 10 might not be programmed With the 
identity of the objects it transports, but only its origin and 
destination. The external control station can coordinate such 
activities and could keep track of What the vehicle 10 is 
actually transporting. The vehicle 10 could be equipped With 
an onboard microprocessor in Which the vehicle 10 could 
process data associated With inventory, product How, routing, 
supply and demand as Well independently monitor the envi 
ronments While in storage and/ or in transportation. 

[0038] The vehicle 10 travels on a track 4 or tracks 4 and in 
accordance With the invention may travel back and forth 
along tracks 4 that are positioned at different vertically sepa 
rated levels Within a given aisle. It Will be seen from FIG. 3 
that the con?guration of vehicle 10 in the shoWn embodiment 
is such that the because of the cantilever design and the fact 
that the traction Wheels 2 are offset vertically and horizontally 
from road Wheels 3, the device may maintain a load platform 
6 at level both on those sections of track 4 that are level and on 
elevator track 3 0, Which is shoWn having a slope. (FIGS. 3 and 
4 shoW only one side of the tracks, the other of Which Will be 
understood to be in identical con?guration and on the nearer 
side of vehicle 10, as each vehicle 10 runs on a pair of rails 
Which comprise track 4, the rails being separated as seen from 
the top-doWn vieW in FIG. 7 by an aisle distance 40). A visual 
comparison of the orientation of vehicle 10 at location B, 
Where it is on the elevator track, and at location C, Where it is 
on a level location of track 4, shoWs the platform 6 maintain 
ing level in each location Without need for mechanical or 
Weighted leveling. As shoWn, this is effected Without varia 
tion of the ?xed distance betWeen the traction Wheels 2 and 
the road Wheels 3 (or betWeen the axle or pivot point for such 
multiples of Wheels 2 and 3, Where multiple Wheels are used), 
but rather by increasing the gauge (being the measurement of 
the vertical Width of the rail, not the distance betWeen the rails 
of the track) of the track as the slope increases. 
[0039] It should be noted that the elevator track 30 may 
have a different slope than that shoWn. In fact, it is possible 
With appropriate con?gurations of vehicle 10 to have the track 
vertical or nearly vertical, though this is not particularly pre 
ferred. Another variation of the con?guration shoWn Would be 
to employ a vehicle 10 that more traditionally rides on a 
number of Wheels that all rest atop the rails of the tracks (e.g., 
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omitting road Wheels 3 under the rail, and adding a fore or aft 
set of Wheels 2 above the rail). Other modi?cations Would 
have to be made to the con?guration of the exchanges dis 
cussed beloW, but these are Within the skill of those in the art, 
provided the concept of the invention in connection With the 
shoWn vehicle 10 and the exchanges as described beloW is 
considered as exemplary. 

[0040] As shoWn at location A in FIG. 3, using a sloped 
elevator track 30 the transition betWeen the elevator track 30 
and the more level areas of the track(s) 4 can be made a 
smooth curve, thus alloWing for a ready transition betWeen 
the surfaces for the vehicle 10. To move betWeen each level 
Within an aisle of vertically separated tracks 4, the vehicle 10 
travels to the elevator track 30 and then up or doWn to the 
desired track 4. To effect a vertical change in location, the 
vehicle 10 travels upWard and doWnWard along one or more 
inclined elevator tracks 30, each having a gauge greater than 
the level tracks if the con?guration of vehicle 10 is used in 
Which Wheels 2 and 3 are on opposite (top and bottom) of the 
rails of the track. Obviously, to do so the vehicle 10 must be 
able to move from the track 4 to the elevator track 30 or vice 
versa at the points of intersection betWeen the tWo. For this 
purpose, a sWitching system is used that is referred to by the 
inventor as an “Incline to Level Exchange System.” At the 
level areas of track 4, the track has a relatively narroW vertical 
gauge, con?gured With reference to the expected con?gura 
tion of vehicle 10 such that platform 6 is level. As the storage 
area has multiple levels, embodiments of the inventive system 
alloW for a single elevator track 30, connectable to multiple 
levels of an aisle of shelving (e.g., shelves or ?oors). It is 
Within the inventive scope that more than one incline could be 
used. It Will be seen by looking at the transition from the 
elevator track 30 to the loWest level of storage in FIG. 3, that 
if the track alWays maintains a transition area (as shoWn at 
location A), the vehicle 10 could never pass doWn the sloped 
portion of track 4 loWer than the permanent transition. To deal 
With this situation, the inventor has developed a variable 
sWitching system for use at the intersection of the elevator 
track 30 With each of the level portions of track 4 (above the 
loWest). This alloWs the vehicle 10 to vertically pass any 
number of tracks 4, Which same tracks 4 can become later 
accessible to the vehicle 10 by changing the con?guration of 
the sWitches. 

[0041] With further reference to FIG. 3, the transition 
betWeen level track 4 and inclined elevator track 30 is 
achieved by a system of sWitching gates near the point of 
convergence, Which are noW described in greater detail. The 
shoWn embodiment includes tWo main components in the 
construction of each sWitching gate: a ramp and a pathWay 
(for each side of track 4). Ramps, like the tracks 4 and the 
inclined elevator track 30, provide a support surface upon 
Which the Wheels of the vehicle 10 travel. As shoWn in the 
FIG. 3, ramps are labeled 21 for a location at Which the 
vehicle Will transition betWeen horiZontal and vertical, and 
are labeled 23 Where the vehicle 10 Will continue along the 
slope. Stated differently, ramps that form a part of the elevator 
track 30 are labeled 23 and may be referred to as “elevator 
ramps,” and ramps that form a connection betWeen a track 4 
and elevator track 30 are labeled 21 and may be referred to as 
“track ramps.” 
[0042] A pathWay, by contrast, is the gap left When a ramp 
is moved to an “open” position in Which is it out of location 
for supporting passage of the Wheel betWeen elevator track 30 
and track 4, such as by retracting aWay from the line of travel 
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for vehicle 10. The pathway is or provides a corridor through 
which the wheels of vehicle 10 can pass. Pathways are shown, 
for simplicity’s sake in FIGS. 3 and 4, as complete breaks 
between the elevator track 30 and the level portions of track 4 
(except that between locations A and B there are dotted lines 
running through a pathway 20 to depict where an elevator 
ramp 23 would be if this were con?gured for travel along 
elevator track 30). It is of course possible that the rails are 
wider than necessary to support the travel of the wheels at 
such locations, in which case the pathway may be only a 
cut-away portion of the rail through which the wheel needs to 
pass, leaving the area outside of the wheelbase continuous.As 
shown in the ?gure, a pathway for a level -to-incline transition 
area is depicted by reference number 20, and a pathway for a 
location at which the vehicle 10 will continue travel on the 
sloped track 4 is referenced as number 22. Stated differently, 
this means that a pathway between the elevator track 30 and a 
track 4 is labeled 22, and a pathway that cuts into the elevator 
track 30 is labeled 20. 

[0043] It should be understood that while the shown 
embodiment depicts the ramps 21 and 23 moving laterally of 
the track 4 or elevator track 30 to create the pathways 20 and 
22 (see FIGS. 5, 6, and 8 through 11), so that the ramps end up 
parallel to these tracks, though out-of-line with them, other 
movement patterns could be used. For example, the ramps 21 
or 23 could be hinged, such that they “swing” out of the way 
(upward or downward, or sideways). Likewise, they could 
slide into or onto another portion of track. In some con?gu 
rations, the ramp may actually overlay the track in a different 
area (e.g., such as a section that folds back onto the rail over 
which the vehicle 10 will travel, if the ramp is thin enough). 
[0044] Thus, for locations in which the vehicle 10 will 
travel along the slope of elevator track 30 to pass a track 4, 
ramps 23 are put into their closed position by moving them 
into place in the elevator track 30 (rendering the elevator track 
continuous or un-gapped in that area), and the pathways 22 
are caused to be present between the elevator track 30 and the 
horiZontal level of track 4 (rendering a passageway for the 
traction wheel 2 to travel along the elevator track 30 without 
hitting track 4). This con?guration is shown by all portions of 
the track above location B in FIG. 3. In these closed positions, 
ramps 23 provide support for a desired path of a wheel along 
the length of the elevator track 30. 
[0045] Conversely, the area between location B and loca 
tionA in FIG. 3 shows a track con?gured to allow transition 
between elevator track 30 and horiZontal track 4. Shown 
there, ramp 21 is in place in a closed position (rendering that 
speci?c level of track 4 and the elevator track 30 connected in 
a substantially continuous fashion, such that the ramp 21 
provides support for a desired path of a wheel traveling 
between a track 4 and the elevator track 30), and pathway 20 
is open (rendering elevator track 30 broken, gapped, or sub 
stantially discontinuous below the level of the ramp 21), 
meaning that as vehicle 10 passes over this area from above or 
from the right (with reference to the drawing), it will negotiate 
the transition. The rear, road wheel 3 (being disposed to ride 
below and against the under surface of the rail) will pass 
through the pathway 20 in the elevator track 30, and the front 
traction wheel 2 (being disposed to ride atop the surface of the 
rail) will ride along and atop the ramp 21 connecting track 4 
to elevator track 30. 

[0046] It will be noted that the platform 6, being narrower 
than the aisle distance 30 between the rails of tracks 4, is 
allowed to pass up and down the elevator track 30 without 
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interference even when the vehicle 10 is traveling along 
elevator track 30 and passing a number of tracks 4. If the 
platform 6 is to be of a greater width than aisle distance 40, the 
vehicle 10 could be con?gured such that platform 6 is posi 
tioned above or below tracks 4 when vehicle 10 is on a level 
track 4, and the pathways 22 could be made long enough to 
allow for passage of the platform 6 as well as the traction 
wheels 2. FIGS. 8 to 11 show the vehicle 10 near a system of 
the ramps and pathways from various angles. FIGS. 8 to 10 
show a vehicle 10 positioned on the track system shown in 
FIG. 4, while FIG. 11 shows a vehicle 10 as positioned on a 
track system shown in FIG. 3. 

[0047] It will be seen from the foregoing discussion that the 
elevator track 30 and the tracks 4 have upper and lower 
surfaces for supporting the wheels of the vehicle 10 (or, in a 
different con?guration of the vehicle 10 that omits a lower 
wheel, they may have only an upper surface for supporting 
wheels). The discussion above demonstrates that the ramps 
operate to continue the supporting surface when the ramps are 
in their “closed” position. That closed position for a ramp 23 
that forms a part of the elevator track 30 is the position in 
which the ramp is in place rendering the elevator track 30 
continuous along its slope for purposes of a wheel passing 
over it (or, under it, as the case may be). The open position of 
that ramp 23 results in a pathway 20. Likewise, the closed 
position for a ramp 21, being between the elevator track 30 
and the track 4, is when the ramp forms a support between the 
two allowing a wheel to roll against it in substantially con 
tinuous fashion from track-to-elevator track and/or vice 
versa. The openposition for a ramp 21 results in a pathway 22. 
The open positions, then, are where the surface for supporting 
the wheels is broken, gapped, or otherwise reduced, such that 
a wheel can pass through at least a portion of that area where 
the supporting surface of the ramp otherwise would be. 

[0048] Multiple con?gurations can be based on this con 
cept taught in the embodiment shown in FIG. 3. The inventor 
discloses at least two general con?gurations of ramps and 
pathways, depending upon the con?guration of the system. In 
the ?rst con?guration, meant for high storage (storage above 
the slope of the elevator track 30), wheel ramps and pathways 
work as discussed above. In an alternate embodiment, storage 
can occur below the slope of elevator track 30. This “low 
storage” con?guration is shown in FIG. 4. It will be seen by 
comparison of FIG. 3 and FIG. 4 that the same principles 
apply, with certain variation. For example, in the “high stor 
age” con?guration shown in FIG. 3, the pathways 23 (path 
ways that represent corridors for passage of wheels through 
the elevator track 30) serve to allow passage of the lower 
wheels 3 through the area of the elevator track 30’s path. Of 
course, this means that pathways 22 (those between the eleva 
tor track 30 and the tracks 4) serve to allow passage of the 
traction wheels 2. In contrast, in “low storage” conditions, the 
pathways 23 in the elevator track 30 allow passage of the 
traction wheels 2, and the pathways 22 between the elevator 
track 30 and the tracks 4 allow passage of the lower wheels 3. 

[0049] It should be noted that with appropriate modi?ca 
tions, one may be able to combine high storage and low 
storage con?gurations. This may require use of multiple paths 
and ramps at each exchange in order to make the various 
transitions smooth. In such a case, it is possible to have a 
pathway through the elevator track 30, and ramps connecting 
the tracks 4 to the elevator track 30 on both sides of that 
pathway, so that the vehicle 10 could run past the elevator 
track 30 if desired, or, in connection with appropriate ramp 
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and pathway con?guration, could mount onto the elevator 
track 30 to descend (When coming from the side under the 
slope) or to ascend (When coming from the side above the 
slope). 
[0050] Some or all parts Within the system may be shared 
from Wheel ramps to pathWays and visa versa. For example, in 
situations in Which space and Weight savings are important, 
the material removed to form a pathWay may actually be 
repositioned to create the ramp. Stated differently, a ramp 23 
and ramp 21 could be the same structure, if made hinged or 
otherWise movable betWeen the positions of those ramps in a 
Way that Would leave the necessary pathWays clear at the 
appropriate con?gurations. 
[0051] It should be noted that if an embodiment is used in 
Which the vehicle 10 only has Wheels that ride atop the tracks 
4 and elevator track 30 (i.e., When the vehicle does not have 
loWer Wheels 3), the con?guration of the track may omit the 
use of pathWays 20 in the elevator track 30 for high storage 
situations. This is because there are no loWer Wheels 3 that 
need to pass through the elevator track. Likewise, in a loW 
storage embodiment using such a vehicle Without loWer 
Wheels 3, the pathWays 22 betWeen the tracks 4 and the 
elevator track 30 can be omitted, because there is no need to 
have a loWer Wheel 3 pass through those areas. 

[0052] A possible advantage of this system in some con 
?gurations is an ability to utilize a multitude of storage sys 
tems. When storage is accessed by side loading, the vehicle 10 
may use selective load handling as Well as both pass-through 
and push-through equipment, such as actuators for toggling 
sWitches, turning screWs, or other load delivery-triggering 
tasks. Loads may also be stored directly onto and then 
retrieved from directly the track in the path of the vehicle 10 
creating a drive-through load handling system. This may 
occur Where the load, such as a pallet, is Wider than the aisle 
distance and rides above the track 4 on level track runs, and 
Where the pathWays 22 are suf?ciently long to alloW passage 
of the pallet. Mechanical devices could be used to raise and 
loWer the pallet from contact With the track 4 (such as With a 
fork lift mechanism). This Would alloW for a Warehouse to be 
created Without any physical difference betWeen aisles and 
intended storage locations, such that an area of tracks that is 
eleven rails Wide (being thereby ten tracks Wide) could be 
loaded With fully ten roWs of material. In operation, this 
loading scheme could be used, for example, in a transport 
ship, to alloW storage in all free space in the cargo area. One 
loading scheme Would pack items that are to be removed 
immediately upon docking into every other set of tracks (e. g., 
even-numbered or odd-numbered tracks), such that folloWing 
removal of that cargo, the remaining cargo is left in a system 
of stacks and aisles, from Which cargo can be selectively 
pulled. A combination of load handling systems also can be 
used Within the same aisle and/or facility. Multiple vehicles 
10 can operate concurrently Within the same aisle and/or 
facility With greater ease than in conventional systems. 
[0053] Products handled by the vehicle 10 may need load 
handling or stoWage devices, such as pallets, drum pinchers, 
buckets, or pill carousels. Such devices may be stored With the 
product (as in a pallet being loaded into the storage area With 
the product) or may travel primarily With the vehicle 10 (as 
one may expect of a pill carousel or drum pinchers). 

[0054] The described vehicle 10 is not limited to service 
Within the con?nes of a single aisle or Within a single storage 
system. The vehicle 10 is capable of traversing and negotiat 
ing relatively long distances via Remote Access Tracks. 

May 7, 2009 

These tracks, referred to noW by inventor as RATs, alloW the 
vehicle 10 access to multiple aisles, storage systems and 
locations for the purpose of product storage, loading, unload 
ing or utilization. The teaching from the incline to level 
exchanges (such as the transitions betWeen elevator track 30 
and track 4, using paths and ramps) discussed above (the 
“exchanges”) can be used in conjunction With techniques for 
dividing a railWay into tWo horizontal paths, to provide the 
system With the ability not only to perform vertical location 
changes but horizontal as Well. By Way of example, the 
exchange could be used to split the track (vertically speaking, 
such as is described generally above for the system to change 
levels in an aisle), then each separate level of track could turn 
in different directions, horizontally speaking (e.g., left or 
right, as With railroad track changers). Horizontal (e.g., left 
and right) splitting of the track likeWise could occur before an 
exchange or exchanges. Once a vehicle 10 passes through an 
exchange, the track 4 and subsequently the vehicle 10, is not 
required to travel in a straight line but may traverse along any 
number of RATs. RATs may be of simple track construction 
and can be mounted or suspended from above, supported 
from beloW, held from the sides, pass over ground, under 
ground, under Water, in corridors placed in Walls, ?oors and 
ceilings. RATs, and even aisles, can tWist, turn, and make 
other variations from straight line travel. RATs, in particular 
but Without limitation, may bene?t from this ability, Where a 
connecting track 4 betWeen tWo parts of a Warehouse alloWs 
for high speeds, in Which banking and other “roadWay” pro 
?ling may be valuable. 
[0055] It Will be understood that the traction Wheels 2 and 
the road Wheels 3 could be replaced With sets of Wheels, 
respectively, as shoWn in the draWings. In such con?gura 
tions, it Would be useful for the sets of Wheels to have a ?xed 
axle or pivot point for each set, to alloW them all come into 
contact With the track 4. Exemplary con?gurations are shoWn 
in the ?gures, though other con?gurations may be used. The 
draWings are considered a part of this disclosure and are 
hereby incorporated by reference. 
[0056] Turning to the other draWings, these are shoWn to 
assist in disclosure of potential embodiments and operation. 
FIGS. 5 and 6 shoW an embodiment With sets of Wheels 3 and 
sets of Wheels 2. FIG. 5 shoWs the embodiment at a level 
location of track 4. FIG. 6 shoWs the same embodiment 
located With the Wheel sets rotated into substantially the posi 
tion they Would be expected to adopt on an elevator track 30 
of a particular slope. ShoWn in the area of reference numeral 
8 is the pivot point for the set of traction Wheels 2. 

[0057] FIG. 7 is provided to shoW a top-doWn vieW of the 
vehicle 10. In this shoWn embodiment, the aisle distance 40 is 
clearly shoWn. Road Wheels 3 are visible as if seen through 
the tracks 4, though it Will be understood that this is for sake 
of disclosure only, and that in an actual embodiment those 
Wheels 3 may not be visible at this position, as they Would be 
at least partially hidden by the track 4 under Which they ride 
(assuming the rail is not transparent). ShoWn on the load area 
of vehicle 10 is a pill carousel, generally designated 101. 
Individual loads Within the carousel may also be pill bottles or 
other sub-containers, as depicted by the presence of bottles 
100. This vieW serves to shoW that the vehicle 10 may be ?tted 
With interior bumper Wheels 11, Which have an axle disposed 
to cause the bumper Wheels to run in contact With the inner 
side of track 4. These bumper Wheels 11 serve to orient, 
possibly even “center,” the vehicle 10 to increase the chance 
that the Wheels 2 and 3 are optimally placed. The bumper 
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Wheels 11 also serve to keep the vehicle 10 from jamming 
against the rails of the tracks. The axles for bumper Wheels 11 
could be ?tted to pivot Within a plane that runs along the 
length of the track 4, such that they can change inclination 
When the vehicle 10 is on an elevator track 30, as opposed to 
a level track 4. 
[0058] FIG. 8 is an exemplary depiction of a vehicle 10 
passing through an exchange in a loW storage con?guration, 
Where the traction Wheels 2 are in a pathWay 20, and the rear 
of a traction Wheel 2 is actually touching one of the ramps 21 
betWeen the track 4 and the elevator track 30. In the shoWn 
position, the road Wheels 3 are still on the track 4. This is 
shoWn in a loW storage con?guration (discussed above). 
[0059] The same position is shoWn in perspective in FIG. 9. 
Here, ramp 23 is shoWn as open ramp 23a, being pulled out to 
the side to create the elevator path 20 and thus alloW passage 
of traction Wheels 2. Again the image in FIG. 10 shoWs 
essentially the same position, but from another angle. 
[0060] FIG. 11 is another image of the vehicle (this time 
con?gured for high storage), located at a set of exchanges. 
Here, the traction Wheels 2 can be seen on a ramp 21 betWeen 
the track 4 and the elevator track 30. The loWer Wheels 3 are 
just pas sing through a pathWay 20 opened in elevator track 30, 
Which Was left by a ramp 23 being in an open position (de 
picted as ramp 2311). Below the position of the vehicle 10 is 
shoWn the next ramp 23 in place in the elevator track 30. 
[0061] FIG. 12 shoWs a rendition of the vehicle at a storage 
location on track 4, Where there are adjacent bins for storage. 
[0062] Markets may include handling of secured and or 
haZardous products, storage, retrieval and delivery of sup 
plies and equipment on board ships and in mobile equipment; 
under ground storage; order ful?llment; third party logistics 
centers; product distribution centers; pharmaceutical storage, 
retrieval and delivery; automated parking facilities for 
vehicles Without passengers; clean room storage, retrieval 
and delivery; order picking, and other uses. 
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[0063] Other embodiments and advantages of the invention 
Will be understood by those skilled in the art. 

I claim: 
1. A Warehousing track comprising: 
a) a plurality of main tracks, said main tracks being verti 

cally separated, each main track comprising at least tWo 
horiZontally extending rails separated by a horizontal 
distance; and 

b) an elevator track comprising an upper surface for sup 
porting a Wheel of a vehicle, Which upper surface is set at 
an incline relative to at least a portion of the plurality of 
main tracks, Wherein the elevator track crosses multiple 
vertical levels of main tracks; and 

c) a ramp surface, Which ramp surface is movable betWeen: 
1. a ?rst position, Which provides support for an antici 

pated path of the Wheel When said Wheel is traveling 
betWeen at least one of said main tracks and the eleva 
tor track, and 

2. a second position that is different from the ?rst posi 
tion. 

2. A Warehousing track as in claim 7 Wherein the elevator 
track comprises a plurality of movable sections. 

3. A Warehousing track comprising a plurality of main 
tracks, said main tracks being horiZontally extending and 
vertically separated, each main track comprising at least tWo 
rails separated by a horizontal distance; and an elevator track 
having a surface for supporting a Wheel of a vehicle, Which 
surface is set at an incline relative to at least a portion of the 
plurality of main tracks; Wherein said elevator track passes 
multiple main tracks and comprises a ramp section that is 
movable betWeen an open position and a closed position, in 
Which closed position the ramp forms a part of the surface for 
supporting the Wheel, and Which open position is different 
from the closed position. 

* * * * * 


