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[571 ABSTRACT

The disclosure is of a transportation system which includes an
elongated guidebeam having three spaced apart running sur-
faces. Two of the running surfaces are substantially vertical to
accommodate wheels rotating about vertical axes and the
third running surface is substantially horizontal to accom-
modate wheels rotating on horizontal axes. Wheels which
rotate on a vertical axis and wheels which rotate on a horizon-
tal axis are connected to a rack which is adapted to move
along the running surfaces of the guide-beam. The wheels con-
nect the rack on the side of the guidebeam in cantilever
fashion. Connecting switch sections are provided at desired lo-
cations on the elongated guidebeam to connect two or more
guidebeams. The switch sections have no moving parts and
cooperate with movable means, such as extendable and
retractable wheels, of the rack to provide for selective high
speed switching both in horizontal and vertical modes of a
rack between an upline guidebeam and one or more spaced
apart downline guidebeams and between two or more spaced
apart upline guidebeams and a single downline guidegeam.

44 Claims, 71 Drawing Figures
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1
IMPROVED TRANSPORTATION SYSTEM

RELATED APPLICATION

This application is related to our co-pending application,
Ser. No. 746,884 filed July 23, 1968 for Transportation
System. The disclosure of such application is incorporated
herein by reference.

FIELD OF THE INVENTION

This invention relates to a transportation system which in-
cludes an elongated guidebeam having running surfaces for
carrying a rack thereon and more specifically the invention
deals with a transportation system having connecting switch
sections for switching a rack between upline and downline
guidebeams without the necessity of moving parts in the con-
necting switch sections.

BACKGROUND OF THE INVENTION

A particular problem which has heretofore plagued most
fixed rail and guidebeam transportation systems has occurred
in switching a moving member from one fixed rail section to a
second section which second section is either horizontally or
vertically diverging from the main section. Heretofore, as ex-
emplified by conventional railroad transportation systems, it
has been necessary to provide a switch section which had a-
movable portion between the two diverging portions of the
track or running surfaces to allow switching of the train from
one rail section to the second diverging rail section. In our
above-mentioned, previously filed, co-pending application we
disclosed a method of vertically switching a rack from an
upline guidebeam to one of two downline guidebeams utilizing
a movable section positioned on an intermediate connecting
guidebeam switch section between the two diverging downline
guidebeams. It has been found that while movable switches of'
this nature are operative to provide for switching a rack, it is
necessary, particularly where high density, high speed flow of
a number of racks is desired, that switching be accomplished
without need for a movable member in the guidebeam
switching section. This is particularly necessary where a com-
puterized transportation system is desired which will allow for
closely spaced, high speed travel of a number of individual
racks along a guidebeam system which may include many in-
terchanges and switches. Thus there may be many racks mov-
ing at very closely spaced intervals along a main guidebeam in
such a system and it may be desirable to switch some of the
racks to alternate diverging guidebeams while allowing other
of the racks to pass through on the main guidebeam. The time
lag required by the movable portion of the heretofore dis-
closed connecting guidebeam switch section requires that a
definite time interval be maintained between the racks
travelling on the mainline guidebeam. That is, the racks must
maintain certain space intervals depending on the speed and
the time lag of the switch.

As noted above, a unique transportation system was
described and claimed in our above-mentioned, earlier filed
application. As disclosed in that application, a transportation
system was provided which included an elongated guidebeam
having three parallel rails or running surfaces. The running
surfaces included an upper guide running surface, a lower
guide running surface and a support or drive wheel running
surface. A rack having wheels was provided for moving on the
running surfaces. The rack had load carrying means on one
side and the wheels on the other side. The wheels of the rack
included an upper guide wheel for running on the upper guide
wheel running surface, a lower guide wheel for running on the
lower guide wheel running surface and a support or drive
wheel for running on the support or drive wheel running sur-
face. The support or drive wheel was powered and moved the
rack along the guidebeam. Switching means were disclosed in
our earlier application. These switch means required, how-
ever, that at least some of the interconnecting running sur-
faces between two diverging elongated guidebeams be mova-
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from one elongated guidebeam to a second downline
guidebeam to move at least some of the intermediate connect-
ing running surfaces of the section between such guidebeams.
While this operation can sometimes be handled efficiently, it
has been found especially desirable to provide for high speed
switching of racks from one guidebeam to a second spaced
apart guidebeam. This high speed switching has been provided
for by developing a rack and cooperating connecting switch
sections so that it is not necessary that a portion of the con-
necting  switch section be movable. Thus we have now
developed an elongated guidebeam system which has connect-
ing switch sections formed in a manner to cooperate with a
rack so that switching of the rack from one guidebeam to
another may be accomplished without the need of moving
parts on the connecting switch section. In this manner high
density traffic may pass to a switch section and rapidly select a
path through the switch section to one or more downline
guidebeams without the necessity of time delay caused by
moving parts in the switch section.

BRIEF DESCRIPTION OF THE INVENTION

The present invention is directed to an arrangement of
guidebeams interconnected by specially devised nonmovable
connecting sections which cooperate with racks assembled in
accordance with the invention to permit both horizontal left-
right and vertical up-down switching of the racks from a main
upline guidebeam to a selected guidebeam of two or more
spaced apart downline guidebeams or vice versa without mov-
ing parts in the connecting guidebeam switch section. Two
types of racks are disclosed in accordance with the invention.
Connecting switch sections are described for each type of rack
for switching the racks in both a horizontal mode or a vertical
mode. The versatility of switching of the present transporta-
tion system is particularly helpful in providing a complete
system which is compatible with a wide range of topographical
and station requirements.

The present invention is directed to a transportation system
which includes a powered rack adapted to move on a
guidebeam. The guidebeam has an upper guide wheel running
surface and a lower guide wheel running surface. These
running surfaces are substantially vertically disposed in 180°
opposing relationship with the upper guide surface formed on
an interiorly facing wall of the guidebeam and the lower guide
surface formed on an exteriorly facing wall of the guidebeam.
A substantially horizontal support wheel running surface is
also provided for on the guidebeam. A rack is provided with
sets of wheels adapted to engage and to travel along the
running surfaces of the guidebeam. Connecting sections are
provided for connecting an upline guidebeam with two spaced
apart diverging downline guidebeams to provide for selective-
ly moving a rack to one of such downline guidebeams and con-
necting sections are also provided for merging two upline -
guidebeams into a single downline guidebeam. The connect-
ing section has no moving parts. The rack by virtue of a mova-
ble means carried thereon may selectively be guided through
the connecting section to one of either of the two or more
diverging or spaced apart downline guidebeams. Thus the
switch section may be embodied to connect a single upline
guidebeam with two diverging downline guidebeams. The
switch section may also be embodied to provide switching
between a pair of spaced apart parallel mainline guidebeams.
And, of course, the switch section may be embodied to con-
nect two upline guidebeams into a single downline guidebeam.
The switching may be accomplished in either a vertical or a
horizontal mode.

The elongated guidebeam of the present invention has in
general three spaced apart running surfaces provided thereon
for carrying a powered rack. The rack has sets of wheels which
retain the rack on the guidebeam and which move on the
running surfaces of the guidebeam to advance the rack along
the guidebeam. More specifically the rack has sets of upper

ble. Thus it was heretofore necessary in order to switcharack 75 guide wheels, sets of lower guide wheels and support wheels.
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The sets of upper and lower guide wheels are usually made up
of dual vertically spaced apart wheels although, as will be
evident, other combinations of wheels or a single wheel may
often be used in accordance with the invention. The running
surfaces for the upper and lower guide wheels are formed in
substantially vertical planes and the running surfaces for the
support wheels are formed in substantially horizontal planes.
The running surfaces for the upper and lower guide wheels are
substantially vertical and are disposed 180° apart. The upper
guide running surface is formed on an interior surface of the
guidebeam while the lower guide running surface is formed on
an exterior surface. Thus the guide wheels and the support
wheels cooperate to hold the rack on the running surfaces of
the guidebeam in cantilever fashion. Connecting switch sec-
tions are provided to connect- upline guidebeams .and
downline guidebeams. The mainline guidebeams and the con-
necting switch sections are provided with upper and lower
guide wheel running surfaces and support wheel running sur-
faces. The connecting switch section moreover has at least
two sets of upper and lower guide wheel running surfaces. One
set of upper and lower guide wheel running surfaces is con-
nected between the mainline guidebeam and one of the
spaced apart guidebeams and the other of such sets of upper
and lower guide wheel running surfaces is connected between
the mainline guidebeam and the other of the spaced apart
guidebeams. The connecting switch guide wheel running sur-
faces connect the guide wheel running surfaces of the main
guidebeam with the guide wheel running surfaces of the two
separate spaced apart guidebeams. The connecting switch sec-
tions are provided with at least two horizontal running sur-
faces for the support wheels. The two horizontal support
running surfaces diverge from a single support wheel running
surface on a main guidebeam to the support wheel running
surface of each of the two or more separate spaced apart
guidebeams. The support wheels of the rack are adapted to
selectively choose between one of the two or more horizontal
support wheel running surfaces of the connecting switch sec-
tion. to determine to which one of the guidebeams that the
rack will be directed. The connecting sections have no moving
parts. ‘An extendable and retractable. support wheel of the
rack selects one of the horizontal running surfaces of the con-
necting section to provide for switching the rack: from one
main guidebeam to a selected second main guidebeam. The
guide wheels follow the appropriate guide wheel running sur-
face to such selected second main guidebeam. Both horizontal

" and-vertical switching of the rack are provided for by this in-
vention. ' v :

Thiis in one. aspect the present invention is directed to a
guidebeam transportation: system for use by wheeled racks
which guidebeam system permits switching of racks from the
running surfaces of an upline guidebeam to the running sur-

" - faces of a spaced apart or diverging downline guidebeam or

vice versa without the need for moving parts in the connecting
guidebeam switch section. For example, an upline guidebeam
is provided with appropriate horizontal and vertical running
surfaces for the wheels of a rack. A connecting guidebeam
switch section connects the upline guidebeam with a first
diverging downline guidebeam and a second diverging
downline guidebeam. The connecting guidebeam section is
provided with a first set of horizontal and vertical running sur-
faces for each of the wheels of the rack between the running
. surfaces of the upline guidebeam and the running surfaces of
the first downline guidebeam. The connecting guidebeam sec-
tion is also provided with a second set of horizontal and verti-
cal running surfaces between the running surfaces of the
upline. guidebeam and the running surfaces of the upline
guidebeam and the running surfaces of the second downline
guidebeam.. Thus- the running surfaces of the connecting

switch' section provide alternative diverging paths for the

. wheels of a rack between the upline guidebeam and the two
diverging downline guidebeams. A rack having suitably ar-
ranged vertical and horizontal sets of wheels for running on
such running surfaces- is. provided with movable means for
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selectively engaging either the first set or second set of
running surfaces of the connecting guidebeam switch section
to selectively direct the rack to the running surfaces of the
selected diverging downline . guidebeam. The connecting .
guidebeam switch sections can be embodied in a manner so
that either horizontal or vertical switching of a rack from an
upline guidebeam to a selected downline guidebeam is possi--
ble. The connecting switch sections have no moving parts and
the mode of switching' from one guidebeam  to another
guidebeam through the connecting guidebeam switch section
is selected by movable means such as extendable and retracta-
ble support wheels of the rack. The rack utilizes sets of dual
vertically spaced apart wheels for both upper and lower guide
wheels to, by virtue of such vertical spacing; bridge openings
in the guide whee! running surfaces that are necessary in the
connecting switch section to pass portions of the rack through
the section. : o

In a more specific aspect the present invention is directed to
a transportation system utilizing. an elongated guidebeam
system. Connecting guidebeam switch sections are used to
connect an upline guidebeam section with each of two or
more downline guidebeams. All of the guidebeams have upper
vertical guide wheel running surfaces formed on inner facing
walls of the guidebeams, lower vertical guide wheel running
surfaces formed on outer facing walls of the guidebeams and
horizontal support wheel running surfaces formed on horizon-
tal walls of the guidebeams. The connecting guidebeam switch
section includes stationary support means extending between
an upline guidebeam and each of at least two downline
guidebeams. A first horizontal support wheel running surface
is provided on said stationary support means for accommodat-
ing support wheels rotating on a horizontal axis of a rack. First
upper vertical guide wheel running surfaces are also located
on said stationary support means to provide first upper
running surfaces for the upper guide wheels of a rack. The first
upper running surfaces are formed to cooperate with the verti-
cally spaced apart upper guide wheels of the rack to permit
bridging of gaps in the running surface needed to pass parts of
the rack in the switch section. First lower vertical guide wheel
running surfaces are provided on- said stationary support

means to provide first lower running surfaces for the lower -

guide wheels.of the rack. The first lower running surfaces
cooperate with the lower guide wheels to bridge. gaps in the
running surface necessary to pass parts of the rack. All of said
first running surfaces serve to connect respective counterpart
running surfaces of the upline guidebeam with the respective
running surfaces of one of the downline guidebeams. A second
support wheel running surface is located on the stationary sup-

port means. This second- support wheel running surface
diverges from the said first support wheel running surface.

* Second upper vertical guide wheel running surfaces are also
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provided on the stationary support means to. provide second
upper running surfaces for the upper guide wheels. The
second upper running surfaces are formed to cooperate with
the dual vertically spaced apart upper guide wheels of the rack "
to bridge gaps in this running surface which are necessary to
pass parts of the rack through the switch section. Second
lower vertical guide wheel running surfaces are also located
on the stationary support means to provide second lower
guide running surfaces for.the lower dual guide wheels. The
second lower running surfaces cooperate with-the lower guide
wheels to pass parts of the rack through gaps in the running
surface which may be necessary to pass parts of the rack

_ through the switch section. All of the second running surfaces

serve 10 connect the respective counterpart running surfaces
of the upline guidebeam with the respective running surfaces
of the other of the downline guidebeams. A rack is provided
with upper guide wheels and lower guide wheels for ninning
on the upper guide running surfaces and the lower running
surfaces respectively of the guidebeams. The guide wheels are
adapted to engage the running surfaces in 180° spaced apart
relationship with the upper guide wheels engaging a running
surface formed on inward facing walls of the guidebeam. In
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this manner the rack is held in cantilever fashion on the
guidebeam. The upper and lower guide wheel sets are formed
of dual wheels spaced vertically apart to bridge gaps in the
respective running surfaces which are necessary in the switch
section to permit passage of portions of the rack through the
switch during different modes of switching. The rack also has
horizontal support wheels adapted to run on support wheel
running surfaces to complete the engagement of the rack on
the guidebeam. The guide wheels are arranged so that they
may selectively run on either the first or the second guide
wheel running surfaces of a connecting guidebeam switch sec-
tion. By selectively requiring the support wheels to run on a
given support wheel running surface of the connecting switch
section, the rack is selectively directed to one of the two or
more downline guidebeam sections. Specially adapted verti-
cally spaced apart upper and lower guide wheels allow the
guide wheels to bridge the gaps in the guide wheel running sur-
face which are required to pass portions of the rack during
such switching operations.

OBJECT OF THE INVENTION

A particular object of the present invention is to provide a
transportation system for carrying people, freight and vehicles
over a minimum right of way which transportation system in-
cludes an elongated guidebeam system having nonmoving
switch sections for carrying a special rack at high speeds and
which provides for switching the rack in both horizontal and
vertical directions both diverging from an upline guidebeam to
one of two or more downline guidebeams and merging to a
downline guidebeam from two or more spaced apart upline
guidebeams without the use of moving parts in the connecting
switch section.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the present invention will
become apparent from the following detailed description read
in light of the accompanying drawings which are made a part
of this specification and in which

FIG. 1 is a perspective schematic illustration of the modes
of switching that are selectively accomplished in accordance
with the preferred embodiment of apparatus of the present in-
vention without the use of moving parts in the connecting
switch sections;

FIG. 2 is a side elevation in schematic form of the preferred
embodiment of apparatus assembled in accordance with the
present invention,;

FIG. 3 is an end elevation in schematic form of the
preferred embodiment of apparatus assembled in accordance
with the present invention;

FIG. 4 is a detailed elevation view with portions broken
away for clarity of presentation of the preferred rack assem-
bled in accordance with the present invention;

FIG. 5 is a detailed side elevation with portions broken away
for clarity of presentation of the preferred rack assembled in
accordance with the present invention;

FIG. 6 is a bottom view with portions broken away for clari-
ty of presentation of the preferred rack assembled in ac-
cordance with the present invention:

FIG. 7 is an enlarged sectional view with parts removed for
clarity of presentation taken at line 7—7 of FIG. 6 and illus-
trates the apparatus used to drive the support wheel;

FIG. 8 is a sectional view with parts removed for clarity of
presentation taken at line 8—8 of FIG. 7 and illustrates the ap-
paratus used to drive the support wheel,

FIG. 9 is an enlarged sectional view with parts removed for
clarity of presentation taken at line 9—9 of FIG. 4 illustrating
apparatus for extending and retracting the support wheel, and
showing the support wheel in retracted position;

FIG. 10 is an enlarged sectional view similar to FIG. 9 illus-
trating the support wheel in extended position;

FIG. 11 is an elevation view of a portion of apparatus illus-
trated in FIGS. 9 and 10;
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FIG. 12 is a side elevation view of a connecting switch sec-
tion providing vertical switching in accordance with the
preferred form of the present invention;

FIGS. 124-12i are sectional views taken as indicated from
FIG. 12;

FIG. 13 is a side elevation view of a connecting switch sec-
tion providing horizontal switching in accordance with the
preferred embodiment of apparatus assembled in accordance
with the present invention; FIGS. 13a-13g are sectional views
taken as indicated from FIG. 13;

FIG. 14 is a partial top view of the connecting switch section
shown in FIG. 13;

FIGS. 14a-14b are sectional views taken as indicated from
FIG. 14;

FIG. 15 is a side elevation view of the first portion of a verti-
cal switch connecting section providing interchange between
two main guidebeams for the preferred embodiment of ap-
paratus assembled in accordance with the present invention;

FIGS. 15a-15f are sectional views taken as indicated from
FIG. 15;

FIG. 16 is a side elevation view of the second portion of the
connecting section of FIG. 15 illustrating vertical interchange
between two main guidebeam sections for the preferred em-
bodiment of apparatus assembled in accordance with the
present invention; .

FIGS. 16a-16¢ are sectional views taken as indicated from
FIG. 16;

FIG. 17 is a perspective schematic illustration of the modes
of switching that are selectively done by the alternative em-
bodiment of apparatus of the present invention without the
use of moving parts in the connecting switch section;

FIG. 18 is a schematic side elevation of an alternative em-
bodiment of apparatus assembled in accordance with the
present invention;

FIG. 19 is a schematic end elevation of the alternative em-
bodiment of apparatus assembled in accordance with the
present invention;

FIG. 20 is a detailed elevation view of an alternative rack as-
sembled in accordance with the present invention;

FIG. 21 is a detailed end elevation view of the alternative
rack assembled in accordance with the present invention;

FIG. 22 is a detailed top view of the alternative rack assem-
bled in accordance with the present invention;

FIG. 23 is a side elevation view of an alternative connecting
guidebeam switch section useful to switch an alternative rack
selectively between two vertically spaced apart guidebeam
sections;

FIGS. 23a-23i are sectional views taken as indicated from
FIG. 23;

FIG. 24 is a side elevation view of an alternative embodi-
ment of connecting switch section providing for horizontal
switching of an alternative rack between a first guidebeam
section and two diverging downline guidebeam sections;

FIGS. 24a-24g are sectional views taken as indicated from
FIG. 24;

FIG. 25 is a top view of a portion of the connecting switch
section illustrated in FIG. 24; and

FIGS. 25a-25b are sectional views taken as indicated from *
FIG, 25.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

In the drawings, FIG. 1 shows a perspective schematic illus-
tration of the modes of switching that may be selectively ac-
complished in accordance with the preferred embodiment of
apparatus of the present invention. These modes of switching
are accomplished without the use of moving parts in the con-
necting switch section. Thus in accordance with the invention
a rack may switch horizontally from a main guidebeam to the
left or to the right, to diverging downline guidebeams, or may
continue through such a connecting switch section on the
mainline guidebeam. As is evident by the reverse arrows, the
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switch section can be modified so that a rack may also be
switched into a through mainline guidebeam from guidebeams
merging from the left or the right. The rack may be switched
. from a mainline guidebeam vertically up or vertically down to
vertically diverging guidebeams or may be directed through
such a switch section on the mainline guidebeams. Switching
may be done between two vertically spaced apart mainline
guidebeams - with ‘through travel also provided on both
guidebeams. As again indicated by the reverse arrows the
switch section may be embodied to permit vertical switching
from'-two “spaced apart guidebeams to “a'single mainline
guidebeam. Many combinations of switching are’provided in
accordance with the present invention, FIG. 1 is used to illus-
trate some of the modes of swntchmg in accordance with the
invention. -
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The dual wheel configuration of the upper guide wheels 33,
35 and the lower guide wheels 37,39 is provided to permit the

" rack to be switched from an upline guidebeam to one of two or

10
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Refer now to FIGS 2..and 3 in pamcular where the ‘

preferred embodiment of apparatus assembled in accordance
- with the present invention is shown in schematic form. FIG. 2
is a side elevation and FIG. 3 is.an end elevation partially in
section showing a rack generally indicated by the number 20
attached ‘to and in running ‘position on an_ elongated
guidebeam which is generally indicated by the number - 30.
The guidebeam is formed to provide a path in the transporta-
tion system and serves to carry the running surfaces on which
the rack 20 moves. The rack 20 is comprised of frame member
22 having a series of spaced apart wheels rotatably attached
thereto. The wheels include sets of upper guide wheels 33,35;
sets of lower guide wheels 37,39; and support wheels 38. The
support wheels 38, as hereinafter will be discussed in detail,
are usually driven by a power source and therefore also func-
tion as.drive wheels to move the rack along the guidebeam. As
indicated-in the drawings, the preferred embodiment rack has
sets of dual vertically spaced apart upper guide wheels which
include wheels 33 and 35. These wheels form a set of upper
guide wheels. The lower guide wheels comprise a pair of verti-
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35

cally spaced apart wheels 37 and 39. The sets of wheels are -

positioned-on the frame 22 at suitable intervals depending on
the load and length of the rack 20. It is usually desirable to

have at least two sets of dual upper gulde ‘wheels, two sets of 40

dual lower guide wheels, and at least two support wheels. -

The: guidebeam 30 is held in desired posmon by suitable

support means, such-as for example, by a series of columns,
such- as column 44, spaced apart along the right of way. The
guidebeam 30 may be composed, for example, of prestressed
sections resting end to end on a series of supports such as
column 44. Suitable overall dimensions for such prestressed

sections as a guide to understanding the present invention

have been found to be about 8 feet high by 6 feet wide and 100
feet long. The guidebeam may be formed as illistrated in
FIGS. 2 and 3 so that racks can utilize both sides of the

45

more spaced apart downline guidebeams or vice versa without
the need for moving parts in the connecting guidebeam switch
section, The presént invention provides for such switching of a
rack 20 from the main upline guidebeam section to one of two
or more downline guidebeams or vice versa, in either a verti-
cal or horizontal mode. The dual guide wheel configuration of
the upper and lower guide wheels permits continuous contact
of one or the other of the respective dual upper and lower
wheels.with their respective guide running surfaces during the
entire switching operation- as the rack is switched from. one
guidebeam to another through the switch section. Since, as is
fully explamed later, it-is necessary to have gaps-in the guide
running surfaces of the connectmg switch guidebeam sections

to permit passage of portions of the rack on different paths

through such switch sections it is preferred to have dual guide
wheels on both upper and lower guide wheels so that.one: of
the dual wheels on each guide wheel is always in contact with
its respective running surface. The dual upper and the dual
lower guide wheels are necessary so that the same rack may
utilize all of the various vertical and horizontal switch sections
hereinafter described. It will be apparent that for some
switches-a dual configuration of both upper and lower guide
wheels may not be necessary. As indicated in FIG. 2 and FIG.
3, the mainline sections of the guidebeam preferably only pro-.
vide a running surface for one of the wheels of each of the
upper guide wheels and the lower guide wheels, Thus it is
desirable that only one upper and one lower guide wheel en-
gage a running surface on a mainline section of the guidebeam
system. However, it is of course possible to have mainline
guidebeams which provxde running surfacel for all the guide
wheels

" The rack 20 is driven along the guldebeam means by a suita-
ble power source supplying power to the support wheel 38. As
noted it is preferred to use a wheel which rotates on a horizon-
tal axis as the drive wheel, It is of course possible to provide
either or both. the upper guide wheels and the lower guide
wheels with power. Motive power is supplied to the support
wheel 38 by a suitable power source. Such a power source
may be for example an electric motor or.an internal com:
bustion engine. Such a:power source is schematically. illus- .
trated in FIGS. 2 by the box indicated by the number 46. If it is

- desirable to drive more than one support wheel then a second

- power source 48 may be utilized. Suitable drive train means

50

guidebeam. In. this manner ‘racks travelling in opposite

directions may utilize the same guidebeam at the same time.
~The guidebeam 30 provides at least three spaced apart

running surfaces for the rack. Thus on each mainline right of 55 .

way portion of the guidebeam there is provided an upper
guide running surface 34; a lower guide running surface 40;
and a support wheel running surface 42. The upper guide
running surface 34 and the lower guide runmng surface 40
- have substantially vertically disposed running surfaces to ac-
commodate the upper and lower guide wheels respecuvely
The upper guide running surface 34 is formed on an inner wall
of ‘the guidebeam. The lower guide running surface 40 is
formed on an outer facing wall of the guidebeam. The support
wheel running surface is disposed in a substantially horizontal
plane to accommodate the support wheels. As illustrated in
FIGS. 2 and 3, the self-powered rack 20 is adapted to be held
and to be moved on the three running surfaces of the

guidebeam in cantilever fashion. Thus the upper guide surface

34 is formed on an inward facing wall of the guidebeam 30
while the lower guide running surface 40.is formed on an out-
ward facing wall of the guidebeam 30. The upper guide wheels
33,35 and the lower guide wheels 37,39 cooperate with the

_ support wheels 38 to position the rack on the running surfaces
of the guidebeamii in cantilever fashion.

ardm
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are provided to connect the power source 46 to the support
wheel 38. Control means 50 are preferably carried on the rack
20 to contro] the power sources 46 and 48 and the movement
of rack 20 along the guidebeam 30. Control means. 50 is
preferably electrically activated and in many instances will be.
tied into a computer network so that-a number of racks may
be moved at closely spaced intervals along the guidebeam.
Refer now to FIGS. 4, § and 6. FIG. 4 is an elevation view of
the preferred rack assembled in accordance with the present
invention. FIG, § is a side elevation view of the preferred rack
and FIG. 6 is a top.view of the preferred rack of the present in-
vention. The rack has two sets of dual upper guide wheels 33,
35 and two sets of dual lower guide wheels 37, 39. Support or
power wheels 38 are used to move the rack 20 along the
running surfaces of the guidebeam. The rack 20 includes a
frame 22 which has overhanging arm members 62 which are
adapted to extend over the upper portion of the guidebeam to
cause the upper guide wheels to engage the inner running sur-
face of the guidebeam which forms the upper guide wheel

" running surface. The support wheel 38 and the lower dual

70

75

guide wheels 37,39 are preferably formed in units and con-
nected to the frame 22 mating flanges 95 and 94. In ac:
cordance with the invention the rack has a movable means
which cooperates with diverging or converging running sur-
faces of a connectmg switch section ta provide for directing
the rack from a main upline guldebeam to one of two or more.
dwergmg downline guidebeams or vice versa. Certain wheels
of the rack are useful as such a movable means. Thus the sup-
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port wheels 38 of the preverred apparatus are extendable and
retractable to direct the rack through a selected diverging or
converging running surface of a connecting switch section.

The support wheels 38 are extended and retracted from the
rack by suitable means as illustrated schematically in FIGS.
4-6. The wheels 38 are preferably extended or retracted in a
direction normal to the direction of travel of the rack while
the rack is moving along the guidebeam to reduce friction
caused by such movement. Such friction is reduced to an ac-
ceptable minimum when rubber pneumatic tires are used. The
axles 32 of the support wheels 38 are rotatably mounted on
the frame 22 of the rack 20. In addition, these rotatably
mounted axles 32 are also prepared so as to be capable of
reciprocal motion, i.e., they can move in and out from the
rack. Suitable bell cranks 107 are pivotably mounted on pins
108. One of the ends 99 of each of the bell cranks is connected
to the ends of each of the axles. The other ends 109 of the bell
cranks are connected to a suitably arranged double acting
hydraulic cylinder 105 through push rods 106. The hydraulic
cylinder 105 is fixedly mounted in the frame 22 by suitable
pins 98 which engage in the frame. Thus, when the hydraulic
cylinder is activated the support wheels 38 are extended or
retracted by the action of the above described mechanical
linkage. Hydraulic fluid for the hydraulic cylinder is provided
by hydraulic motor 97 which is controlled by control means
50 through suitable connections as shown. Although two posi-
tions of the support wheel are disclosed in the preferred em-
bodiment, it is evident that the support wheel may be ex-
tended and retracted to operate on three or more running sur-
faces by suitable action of the hydraulic cylinder 105. The
support wheels 38 are powered through axles 32 by ap-
propriate power sources. The power source may be formed by
an electric motor or internal combustion engine. Thus electric
motors 96 are connected through suitable driving train linkage
to the drive wheels 38 through axles 32. The powered support
wheel 38 is preferably arranged for rotation about a horizontal
axis and disposed to run on a surface located immediately
above the lower of the dual lower guide wheels 39. The sup-
port wheel 38 power source is controlled by control means 50
carried on the frame 22. Suitable circuitry extends between
the control means 50 and motors 96 for providing control. As
described in our above-cited, co-pending application, suitable
electrical rails may be provided on the guidebeams for pickup
by a shoe carried on the rack to supply electricity to the rack.

Arranged on the load carrying side of the rack are a series of
load hook means generally indicated by the number 81. The
load hooks 81 are pivotally mounted on a shaft 83. The load
hook 81 is controlled and pivoted by suitable linkage 84. The
linkage 84 is connected to a hydraulic cylinder 85 which ex-
tends or retracts the hook 81. Motor 86 controls the extension
and retraction of the cylinder 85. Thus, when a load is moved
against the rack 20 the load hooks 81 are activated to secure
the load to the rack by engaging suitable rings on the load. The
load may be released by actuating the load hook 81 through
the linkage 84. A locking arm 87 which is pivotally mounted
on the frame is provided for use in locking hook 81 by means
of switch 88 to prevent accidental movement of the hook.

The upper and lower dual guide wheels are vertically spaced
apart on the frame member. The distance which is required
between the top wheel 33 and the bottom wheel 35 of a set of
upper dual guide wheels will vary depending on a number of
considerations. These considerations will become apparent
when the nonmoving switch sections are described later in
detail. The distance that the top wheel 33 is located above arm
62 is also governed by a number of considerations. It is noted
that the center of the top wheel is about two times farther
from the center of the arm 62 than the center of the bottom
wheel 35 of the upper dual guide wheels. This arrangement is
necessary so that the support arm 62 may be allowed to pass
through gaps in the running surface of the switch sections
while maintaining one of the two upper guide wheels 33, 35 on
the upper guide running surface. Similarly the lower guide
wheels 37, 39 are vertically spaced apart to provide for
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bridging gaps in the running surfaces of the connecting switch
section needed to pass the portions of the arm 62 and the sup-
port wheel axel 32 extending into the guidebeams.

FIGS. 7 through 11 illustrate the extendable and retractable

support wheel and the means for driving the support wheel of
the present invention which permits switching of a rack
without moving parts of the switch. FIG. 7 is an enlarged sec-
tional view taken at line 7—7 of FIG. 4 with parts removed for
clarity of presentation illustrating the assembly of apparatus
used to rotate the support wheel of the rack. FIG. 8 is a sec-
tional view taken at line 8—8 of FIG. 7 with parts removed for
clarity of presentation and also illustrates the drive means for
the support wheel. Referring specifically now to FIGS. 7 and
8, a support wheel 38 is rotatably connected to the frame 22 of
a rack. An axle 65 having a suitable flange 66 is connected to
the support wheel by suitable bolts and the axle extends
through housing 67 into the interior of the frame 22. A sleeve
bearing member 68 supports the axle 65 inside of housing 67.
This bearing member 68 is adapted to allow both rotating
movement and reciprocal movement of the axle 65. The in-
terior end portion of the axle is splined. The splined end 69 of
the axle is captured in a bearing housing 70 and as will be
further described below, the ball bearings in housing 70 are ar-
ranged in a manner to permit reciprocal, i.e., longitudinal
stroking motion of the axle and to permit rotational motion of
the axle within the housing 70. Thus when the housing 70 is
rotated the axle 65 is also caused to be rotated. The ball bear-
ing housing 70 is rotatably mounted in the frame 22 on suita-
ble supports 71-74 by sleeve bearing member 75. A main gear
member 76 is located around ball bearing housing 70 and is
fixedly connected for rotation therewith by suitable means
such as a key 77. Thus when the gear member 76 is rotated,
the axle 65 is caused to rotate which in turn rotates support
wheel 38 which moves the rack. A worm gear 78 is mated to
the main gear member 76. The worm gear is mated to the
main gear member 76. The worm gear is rotatably mounted on
the frame 22 by sleeve bearings 110,111. A shaft of the worm
gear extends into motor 96. When the motor operates to drive
the shaft the power is transmitted to the support wheel as
described above.
- The means for extending and retracting the support wheel
are illustrated in detailed FIGS. 9-11. FIG. 9 is an enlarged
sectional view with parts removed for clarity of presentation
taken at line 9—9 of FIG. 4 and shows the support wheel 38 in
retracted position. FIG. 10 is an enlarged sectional view
similar to FIG. 9 and shows the support wheel in extended
position. The power and driving mechanisms shown in detail
in FIGS. 7 and 8 have been substantially removed from FIGS.
9 and 10 to allow for clarity of presentation. FIG. 11 is an
elevation view of the bell crank and shows the yoke portion
thereof.

As noted above, the axle 65 which carries the support wheel
38 enters the frame 22 through housing 67. A sleeve bearing
member 68 rotatably and reciprocally mounts the axle in the
housing. The other end 69 of the axle is splined and is con-
strained in bearing housing 70. The splines of the axle are cap-
tured between longitudinal rows of ball bearings 112 which in
turn are held against rotation by ribs 113 of bearing housing
70.

The extension and retraction of the support wheel is accom-
plished by stroking the axle 69 in or out as desired. Thus the
support wheel is stroked in a direction normal to the direction
of travel of the rack to select a running surface on which it
moves. A flanged collar 114 is fixedly connected to the axle 65
and rotates therewith. A bell crank 107 having a yoke 115 at
one end is adapted to engage pins 116, 117 into the collar 114.
These pins 116, 117 allow the collar to rotate. However, as the
pins are moved back and forth by the action of the bell crank
107 they cause the collar to extend and retract the support
wheel 38 to the positions illustrated in FIGS. 9 and 10. The
bell crank is rotatably mounted by means of pivot pin 108 on
arm 118 of the frame. One end of a push rod 106 is connected
to the end 99 of the bell crank 107. The other end of the push
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rod 106 is connected to hydraulic cylinder 105 which is used
to move the bell crank and to thus extend and retract the sup-
port wheel 38. A spring 119 is useful to assist in retracting the
support wheel if desired. Additionally the spring 119 serves to
move the support wheel to a retracted position should the
linkage from the hydraulic cylinder fail.

In accordance with the present invention two positions are
provided for the support wheels. That is to say that it has been
found that when the support wheel is capable of being moved
to two separate horizontal running surfaces that switching can
be accomplished without the use of movable parts in the con-
necting switch section. In Accordance with the invention then
the rack is switched or is caused to continue along a given
guidebeam depending on the running surface which the ex-
tendable and retractable support wheel elects to follow in the
upstream portion of the connecting guidebeam section. A sup-
port wheel of the present invention is thus movable to at least
two possible positions in a direction normal to the direction of
rack travel. It will be apparent that the above discussed link-
age can be modified to provide for three or more positions for
the support wheel if such is desirable for any given switch con-
figuration. In the first position, for example, the support wheel
will follow a running surface which will permit a rack to con-
tinue along the main guidebeam right of way. In a second posi-
tion the support wheel will cause a rack to be switched verti-
cally or horizontally to an auxiliary guidebeam right of way by
virtue of the support wheel following a support wheel running
surfate which causes the rack to be so switched.

FIGS. 12 through FIG. 16 illustrate a number of connecting
switch sections arranged in accordance with the preferred em-
bodiment of apparatus assembled in accordance with the
present invention. These connecting switch sections afford
various switching modes both in a vertical manner and in a
horizontal manner for the preferred rack of the present inven-
tion. The preferred rack as set out above is of the type having
a support wheel disposed well below the center of gravity of
the rack. The vertical and horizontal modes of switching refer
to the overall disposition of the rack through the connecting
switch section. Thus when referring to a horizontal switch sec-
tion it is understood that while there may be some vertical dis-
placement of the rack going through the section, the switching
operation is carried out primarily at a constant elevation. Ver-
tical switch sections on the other hand require substantial dis-
placement of the rack to achieve switching. It will also be
evident that while many of the switch sections are described as
proceeding from an upline guide beam to one of two or more
selected downline guidebeams, the opposite can also occur.
That is, by reversing direction of travel of the rack and the
sequence of stroking of the support wheel (or by reversing the
elements of the connecting section) a rack may come from
one of two spaced apart guidebeams through a connecting
switch section to merge with a single mainline guidebeam.

In FIG. 12 and FIGS. 124-12i a vertical connecting switch
section is illustrated. In this vertical switch section provision is
made for selectively directing a rack from an upline
guidebeam to one of two or more vertically spaced apart
downline guidebeams. It is noted that one of the downline
guide beams forms essentially a through track with the upline
guidebeam and therefore this switch section may, if desired,
be aptly described as selectively permitting a rack to continue
along on a mainline guidebeam or alternatively be vertically
switched to an alternative vertically displaced downline
guidebeam. As noted, if this switch section were set up for
travel in the opposite direction, merging into a single
guidebeam would occur. FIG. 13, FIGS. 13a-13g, FIG. 14 and
FIGS. 14a-14b illustrate a horizontal switch connecting sec-
tion for the preferred rack which provides for substantially
horizontal switching of racks between an upline guidebeam
and two or more spaced apart downline guidebeams. Here
also it is obviously possible to think of selectively causing the
rack to continue along a main guidebeam (both upline and
downline of the switch section) or to be directed to a diverging
downline guidebeam. FIG. 15, FIGS. 154-15f, FIG. 16 and
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FIGS. 16a-16¢ show a vertical switch connecting section for
selectively moving racks between two vertically spaced apart
parallel mainline guidebeams. It is noted that while the em-
bodiment of FIG. 15 and FIG. 16 provide a connecting switch
section for selectively either directing a rack through the
switch section to cause it to continue along the lower mainline
or upper mainline or directing a rack from the lower mainline
to the upper mainline that obviously the switch can be em-
bodied to switch the rack from the upper mainline to the lower
mainline in accordance with the invention. It is also noted that
FIG. 15 and FIG. 16 illustrate both diverging switching and
merging switching in the same switch section.

Thus in summary, FIGS. 12-16 inclusive illustrate various
connecting switch sections for switching the preferred rack of
the present invention in both a horizontal mode and a vertical
mode. These connecting switch sections are all compatible
with the preferred rack and thus a transportation system utiliz-
ing the preferred guidebeam construction may incorporate
either or both horizontal switches and vertical switches at vari-
ous places to be utilized by a single type of rack. Thus at one
place because of space limitation it may be desirable to incor-
porate a vertical switch into the system while at another place
a horizontal switch may be preferable and as further noted,
the switch sections may be used to provide connection from
an upline mainline guidebeam to one of two diverging
downline guidebeams and in addition to provide merging to a
single downline guidebeam from two upline guidebeams.

In order to specifically describe the various switch sections,
first refer to FIG. 12 and FIGS. 124-12i where a vertical con-
necting switch section of guidebeam is illustrated. This con-
necting switch section is used to vertically switch racks
between an upline guidebeam and one of two downline
guidebeams for continued travel along a selected route of the
system. FIG. 12 is an elevation view and FIGS. 12a-12/ are
sectional views taken at lines a-¢ through i-i of FIG. 12. FIG.
12a shows a typical cross section of a mainline guidebeam as-
sembled in accordance with the invention. Such mainline
guidebeam is indicated generally by the number 130. Two ver-
tically spaced apart downline. guidebeams 131 and 132 are
also shown. A sectional view of the two downline guidebeams
is shown in FIG. 12i. The two downline guidebeams 131 and
132 may travel along a common vertical plane or they may
diverge in different directions to carry racks to different
points. Thus the downline guide beams 131 and 132 are
complete and independent and each of them serve to indepen-
dently carry a rack much as upline guide beam 130. The con-
necting switch guidebeam section which provides for selec-
tively directing a rack from upline guidebeam 130 to either
one of the two downline guidebeams 131 or 132 is the portion
intermediate to guide beam 130 and 131 and 132 and is illus-
trated in sectional views in FIGS. 125-124. )

The operation of the rack and connecting switch section
will now be described in detail. A rack will be followed both
passing through the switch section from guidebeam 130 to
downline guidebeam 132 and vertically switching through the
switch section from guide beam 130 to vertically spaced apart
guidebeam 131. Initially assume that a rack is moving along
guidebeam 130 and that it is desired to move the rack through
the connecting guidebeam switch section and have it proceed
along downline guidebeam 132. As illustrated in FIG. 12a the
mainline guidebeam 130 is provided with three spaced apart
running surfaces. These running surfaces include an upper
guide running surface 140 which is provided for an upper
guide wheel of the rack. A lower guide running surface 141 is
provided for a lower guide wheel of the rack. Optionally a
second lower guide running surface 142 may also be provided
for the upper of a pair of lower guide wheels of the preferred
rack. As indicated heretofore however, it is only necessary
that one upper guide running surface and one lower guide
running surface be provided for one of each of the upper dual
wheels and the lower dual wheels over the mainline portion of
the guidebeam right of way. It is only necessary to provide
dual upper and/or dual lower running surfaces in the switching
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sections where necessarily one or the other of the wheels must
disengage a running surface which is interrupted to provide a
gap or window for the rack or a portion of the rack to pass
through. A substantially horizontal running surface 143 is pro-
vided for support wheel of the rack. The support wheel of the
preferred rack of the present invention is capable of being
stroked from a normally retracted position to an extended
position. This extension or retraction is normally done over a
considerable length of guidebeam so as to reduce transverse
stress on the wheel to a minimum and to permit a smooth
transition of the support wheel between such running posi-
tions.

Assuming it is desired to move the rack from upline
guidebeam 130 through the connecting switch section to
downline guidebeam 132 the support wheel is maintained in a
normal retracted position so as to ride on the normal portion
of the horizontal running surface 143. More simply stated, the
support wheel is left in its normal running position. In FIG.
12b the horizontal support running surface begins to widen
out. However, since the support wheel of the rack is retracted
it continues to run on the outer portion 143 of such surface.
The lower wheel of the dual upper guide wheels engages sur-
face 140. The lower dual guide wheels of the rack continue to
engage surfaces 142 and 141 respectively. As the rack con-
tinues through the connecting section to a location of FIG.
12c, the guide wheels and the support wheel continue to run
on the same respective running surfaces. By this time the sup-
port wheel running surface has widened out to point to pro-
vide an outer surface 143 and an inner surface 146. As will be
described in detail later, the path that the rack will follow
through the switch section depends on the path taken by the
support wheel. Thus if it is desired to move the rack through
the switch to guide beam 132, as is now being described in
detail, the support wheel is maintained in the retracted posi-
tion and runs on the outer running surface 143. If, on the other
hand, it is desired to shift the rack vertically in the switch sec-
tion to guidebeam 131 then the support wheel would be
moved to an extended position to run on surface 146.

As the rack continues along the connecting guidebeam
switch section to a position illustrated in FIG. 12d the support
wheel continues to run on surface 143. Now, however, guide
wheel running surface 142 has moved up away from surface
143 and the upper wheel of the dual lower guide wheels loses
contact therewith and is now freewheeling. However, the
lower guide wheel of the lower dual guide wheels continues to
run on running surface 141. The upper guide wheels by virtue
of the lower of such dual wheels continues to be engaged on
running surface 140. The support running surfaces 143 and
146 have now vertically separated. As the rack moves to a
position shown in FIG. 12¢ a new lower guide wheel running
surface 144 appears and now both lower guide wheels are in
contact with the switch section. The lower wheel of upper
guide wheels continues to engage surface 140 and the upper
wheel now contacts surface 145. In FIG. 12fthe support wheel
and the two wheels of the lower guide wheels continue to run
on running surfaces 143, 144 and 141 respectively. The
running surface for the lower wheel of the upper guide wheels
now has disappeared and this lower wheel is freewheeling.
However, the upper wheel of the upper guide wheels con-
tinues to engage running surface 145 to maintain the rack in
cantilever position on the connecting switch section. The win-
dow created by the temporary removal of running surface 140
allows the axle of the support wheel of a rack to clear when
the rack is being vertically switched to guidebeam 131. As is
evident, the total absence of an upper guide running surface
cannot be tolerated since this would allow the rack to fall from
the guidebeam. Thus the dual wheels forming the upper guide
wheels permit release of the running surface of one wheel at a
time to permit passage through the switch of portions of the
rack which otherwise would not pass.

When the rack has moved to a position illustrated by FIG.
12g the lower portion of the guidebeam has for all intents and
purposes returned to normal. That is, the support wheel con-
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tinues to run on running surface 143 and the lower guide
wheels run respectively on surfaces 144 and 141. The lower of
the upper guide wheels has returned to engage running surface
140. The identical situation is also seen in FIG. 124 and FIG.
12i. Asindicated by the phantom lines in FIG. 12{ between the
upper and the lower guidebeams 131 and 132 these
guidebeams are now independent and can continue vertically
disposed along the same path or diverge on a new path to any
desired location.

If it is desired to direct a rack through the switch section
from upline guidebeam 130 to vertically spaced apart
downline guidebeam 131, that is to affect a vertical switching
operation from the mainline guidebeam which may be for ex-
ample guidebeams 130-132, the following steps will occur. A
rack as it enters the portion of the guidebeam illustrated in
FIG. 12a will be engaging guidebeam 130 in a normal manner
as was previously described for mainline operation. In the por-
tion of the switch section located between FIG. 124 and FIG.
12¢ the support wheel of the rack will be extended normal to
the direction of travel of the rack so that the support wheel
runs on the interior running surface indicated by the number
146. The support wheel running surface of the connecting
switch section is gradually widened out as illustrated in FIG.
12b to accommodate the gradual extension of the support
wheel of the rack. During this time the upper and lower guide
wheels continue to run on surfaces 141, 142 and 140 as be-
fore. In addition the upper wheel of the upper guide wheels
has picked up surface 150 as shown in FIG. 12b. This arrange-
ment continues to FIG. 12¢ while the support wheel is being
fully extended onto surface 146. Just after passing the position
of FIG. 12¢ the interior support wheel running surface 146
begins to ramp up to gain elevation. Thus the interior support
running surface 146 has an elevation substantially above the
outer support running surface 143.

The gain in elevation of the extended support wheel up the
ramped support running surface 146 causes the entire rack to
be moved upwardly. The upward movement of the rack of
course is reflected in an upward movement of the upper guide
wheels and the lower guide wheels. Therefore in the portion of
the connecting switch section between FIG. 12¢ and FIG. 124
the upper wheel of the dual lower guide wheels continues to
engage on running surface 142 which running surface also
gains elevation through this portion of the switch section. The
lower wheel of the dual lower guide wheels leaves running sur-
face 141 and is freewheeling as it comes through FIG. 12d.
The upper guide wheels of course are also elevated through
this portion of the switch and the upper guide wheel of the
dual upper guide wheels continues to engage upper guide
wheel running surface 159 which also gains elevation through
this portion of the connecting switch section. The lower wheel
of the dual upper guide wheels disengages from running sur-
face 140 and is freewheeling through the portion shown in
FIG. 12d. As the ramped inner support wheel running surface
146 continues to gain elevation through FIG. 12¢ and and
FIG. 12f one wheel or the other of both the dual upper wheels
and dual lower guide wheels continues to engage their respec-
tive running surfaces to provide a cantilevered mode of con-
nection for the rack on the guidebeam switch section. As
shown in FIG. 12e¢ both the wheels of the lower dual guide
wheels are engaged respectively on surfaces 142 and 152. The
upper wheel of the upper guide wheels engages surface 150
and the lower wheel of the upper guide wheels engages surface
148.

The support running surface 146 continues to ramp up
through the positions shown in FIG. 12f and FIG. 12g. Going
from FIG. 12¢ to FIG. 12f, the lower wheel of the upper dual
guide wheels engages running surface 148. In this same stretch
running surface 150 has ended. This of course occurs after
running surface 148 is made available for the upper guide
wheels. The upper guide wheels will continue to use guide
wheel running surface 148 throughout the rest of the connect-
ing switch section. The lower guide wheels engage surface 152
through the portion of the connecting switch between FIG.
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12e and FIG. 12f. That is the lower of the dual lower guide
wheels engages surface 152. The upper wheel of the dual
lower guide wheels freewheels through this portion of the
switch section to provide a window for passage of an extend-
ing arm of a rack through the lower portion of the switch. As
the rack moves to the position shown in FIG. 12g, however,
the lower running surface for the lower wheel of the lower
dual guide wheels has terminated and the upper of such lower
guide wheels has engaged surface 149. Thus the dual lower
guide wheels have allowed the rack to bridge the window
without becoming detached from the switch section.

In FIG. 124 the ramped support wheel running surface 146
continues on its upward course. At this position the running
surface 146 has narrowed down considerably so that the ex-
tended support wheel is now being retracted toward its normal
running position. Both wheels of the lower dual guide wheels
are engaging the lower guide wheel running surfaces 149 and
153 respectively. The lower wheel of the upper guide wheels
continues to engage surface 148. In the section of the connect-
ing switch between FIG. 12/ and FIG. 12i the ramped running
surface 146 has reached its final height. The running surface
has also been narrowed down to the width of the normal sup-
port running surface. During this portion of the connecting
switch section the support wheel is retracted to a normal
running position. The upper and lower wheels of the lower
guide wheels engage surfaces 149 and 153. The lower wheel of
the upper guide wheels continues to engage surface 148. At
this point the rack has completed the switching operation in-
cluding that of retracting its support wheel and the guidebeam
131 is now autonomous and may leave guidebeam 132.

A horizontal switch for switching the preferred rack of the
present invention is illustrated in FIG. 13, FIGS. 134-13g,
FIG. 14 and FIGS. 144-14b. A mainline guidebeam is
generally indicated by the number 160. Two substantially
horizontally spaced apart guidebeams, 161 and 162, are
shown downline of the upline guidebeam 160. A connecting
switch guidebeam section which provides for selectively
directing a rack from upline guidebeam 160 to either one of
the two downline guidebeams, 161 or 162, is located between
the upline and downline guidebeams. The switch portion is il-
lustrated in FIGS. 13b—g and FIGS. 14a-14b. The rack, as it
moves into the connecting switch section, selects the path
through which it will proceed. Thus the extendable and
retractable support wheel of the preferred rack selects the
path on which it will run through the connecting section. By
virtue of making such a selection, the rack is directed to either
of the desired downline guidebeams. The operation of the
rack through the horizontal switch section illustrated in FIG.
13 and FIG. 14 will now be described in detail. The path of the
rack through the switch section will be described both in mov-
ing the rack from upline guidebeam 160 to both downline
guidebeams 161 and 162.

Assume for the purposes of description that it is desired to
direct a rack from upline guidebeam 160 to downline
guidebeam 161. The support wheel of the rack is programmed
to follow the appropriate support wheel running surface as
herein before described. Thus referring to FIG. 13a it is seen
that the support wheel of the rack will be in normal running
position and will be moving over support wheel running sur-
face 165. The support wheel is in retracted position with
respect to the rack. An upper guide running surface 166 is
provided for the lower wheel of the dual upper guide wheels of
the rack. A lower guide running surface 167 is provided for
the lower of the dual lower guide wheels. Optionally a second
lower guide running surface 168 may also be provided for the
upper of the dual lower guide wheels of the preferred rack.
Since it is desired to move the rack from upline guidebeam
160 through the connecting switch section to downline
guidebeam 161 in substantially a horizontal mode the support
wheel of the rack is maintained in a normal retracted position
$0 as to ride on the normal portion of the horizontal support
running surface 165,
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As the rack proceeds downline through the connecting sec-
tion to a position illustrated in FIG. 13b a second upper guide
running surface 169 is provided to engage the upper of the
dual upper guide wheels. The upper wheel of the dual upper
guide wheels has a long axle as herein before described so as
to initially engage high up on running surface 169. The other
wheels of the rack at this time continue to run respectively on
surfaces 165, 166, 167 and 168. As the rack moves to the posi-
tion indicated in FIG. 13c the upper guide running surface 166
terminates and the rack is held in cantilevered manner by
means of its upper guide wheel engaging upper guide running
surface 169. As was the case in FIG. 13b the other wheels of
the rack are retained on running surfaces 165, 167 and 168.
The support wheel running surface 165 begins to drop down a
small amount in the portion of the switch between FIG. 13c¢
and FIG. 134 and as is illustrated in FIG. 134 the upper wheel
of the dual lower guide wheels begins to leave running surface
168. The lower wheel of the dual lower guide wheels con-
tinues to run on surface 167 while the top wheel of the dual
upper guide wheels continues to run on surface 169 to hold
the rack in cantilevered position on the guidebeam. This is
true even though the rack has moved down somewhat since
the long axle of the wheel initially caused it to contact well up
on running surface 169. The support wheel running surface
165 has lowered to the required extent as illustrated in FIG.
13e. Again the rack continues to move in cantilevered fashion
using running surfaces 167 and 169 for the lower and upper
guide wheels respectively. Between FIG. 13¢ and FIG. 13fthe
connecting switch section begins to provide a horizontally
diverging path for the rack to follow to downline guidebeam
section 161. Thus the running surfaces 169, 165 and 167
begin to move out and away from the other downline
guidebeam 162 and therefore a rack carried by the ap-
propriate wheels on such surfaces also moves away from the
other downline guidebeam 162. In FIG. 13g the rack has
moved substantially away from guidebeam 162 and is cantil-
evered on surfaces 169, 165 and 167. The sectional views of
FIG. 14a and FIG. 14b illustrate the running surfaces of the
downline guidebeam 161 as the guidebeam returns to its nor-
mal form as shown in FIG. 13a. Thus the rack proceeds on
running surfaces 169, 167 and 165 through the section shown
in FIG. 14a. In FIG. 14b running surface 166 has reappeared
for the lower of the upper dual guide wheels. Progressing
through to guidebeam 161 to FIG. 134, the upper running sur-
face 169 has been discontinued and the rack is moved on
running surfaces 165, 166 and 167. Again an optional running
surface 168 may be provided for the upper of the dual lower
guide wheels.

When it is desired to move a rack from upline guidebeam
160 to the other downline guidebeam 162 the support wheel
of the rack is beginning to be extended as the rack moves into
the portion of the connecting switch section illustrated in FIG.
13b. The support wheel is fully moved so that it can run on
running surface 170 as shown in FIG. 13c while the upper and
lower guide wheels move on surfaces 169, 167 and 168
respectively. In FIG. 134 the lower guide running surface 167
begins to drop down and the lower of the dual lower guide
wheels begins to come off of this surface 167 since the support
wheel is running on the support running surface 170. Running
surface 168 is available for the upper wheel of the lower guide
wheels through this portion of the switch. The lower running
surface 167 has dropped down far enough to free the lower
wheel of the dual lower guide wheels by FIG. 13e when the
support wheel is on surface 170. Since the elevation of the
support wheel controls the elevation of the guide wheels the
top wheel of the dual upper guide wheels continues to be
located high up on running surface 169. Between FIG. 13e
and FIG. 13f of the running surfaces leading to downline
guidebeams 161 and 162 begin to diverge. In FIG. 13fthe top
wheel of the upper dual guide wheel is located on surface 173
which has smoothly developed and diverged from surface 169.
The bottom wheel of the lower guide wheels is above surface
167 and therefore free to move in over surfaces 167 and 165
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without touching them. Thus a window for passing the rack
through guidebeam 161 onto guidebeam 162 matures
between FIG. 13f and FIG. 13g. A rack located at FIG. 13g
and having its support wheel on surface 170 would have the
top wheel of the upper dual guide wheels on surface 173 and
its lower dual guide wheels on surfaces 172 and 168. The body
portion of the rack clears both the upper and lower portions of
guidebeam 161 and the rack may now pass through to
guidebeam 162 which returns to standard mainline configura-
tion as shown in FIG. 13a.

Refer now to FIG. 15, FIGS. 154-15f, FIG. 16 and FIGS.
16a-16. FIG. 15 and FIG. 16 are side elevations and FIGS.
15a-15 and FIGS. 15a-16¢ are sectional views of a vertical
switch connecting section providing interchange between two
main guidebeams. Two vertically spaced apart upline
guidebeams 180 and 181 are shown. Two downline vertically
spaced apart guidebeams 183 and 182 are also shown. The
connecting guidebeam switch section intermediate to these
guidebeams permits vertical switching between guidebeam
181 and guidebeam 182. The connecting switch section also
permits passage of a rack directly through the section on
either mainline guidebeam to the corresponding downline
guidebeamn. Thus a rack may be directed from upline
guidebeam 181 through the switch section to downline
guidebeam 183. In a similar fashion a rack may also be
directed through the connecting switch section from
guidebeam 180 to guidebeam 182. Thus both merging and
diverging switching are illustrated. Obviously the reverse
mode of switching is also possible. For instance the switch sec-
tion may be differently embodied so that switching may be
done between guidebeams 180 and 183.

Again refer to FIG. 15 and FIG. 16 and assume first thatit is
desired to direct a rack from guidebeam 181 through the con-
necting switch section to guidebeam 183. The support wheel
of such a rack would be moving on surface 185 as illustrated in
FIG. 15a. The lower of the dual lower guide wheels runs on
surface 186. An upper guide surface is provided for the upper
of the lower dual guide wheels and is noted by the numeral
187. This surface is optional and is not necessary on the main
guidebeam. A running surface 188 is provided for the lower
wheel of the upper dual guide wheels. As is evident by observ-
ing FIG. 15 and FIGS. 15a-15f, the rack being directed from
guidebeam 181 through the switch section to guidebeam 183
will continue to run on these surfaces. The upper of the upper
dual guide wheels contacts surface 201 for a short period as
noted in FIG. 15f, surface 189 develops to serve the upper of
the upper dual guide wheels. As the rack moves through the
portion of the connecting switch section illustrated in FIG.
16a, running surface 188 disappears in order to permit a rack
passing in an upward direction to clear through. During this
portion of the connecting switch section, the rack is main-
tained in position by means of the upper wheel of the upper
dual guide wheels contacting against surface 189. Surface 189
begins to develop about FIG. 15e and carries the rack across
to the portion where surface 188 is removed. Surface 188
reappears in FIG. 160 and is available to move the rack
through the remainder of the switch section to downline lower
guidebeam 183.

When it is desired to direct the rack from guidebeam 180
through the connecting switch section to downline guidebeam
182 the following sequence of running surfaces are provided
to move the rack in a cantilever fashion through the switch
section. Support wheel running surface 190 is used to carry
the rack along the upline guidebeam 180. An upper guide
wheel running surface 191 is initially provided for the lower
wheel of the upper dual guide wheels. Surfaces 192 and 193
are formed for use by the lower and upper wheels of the lower
guide wheels. As the rack moves into the portion of the con-
necting switch section illustrated in FIG. 15¢ and FIG. 154 the
support wheel running surface 190 is considerably widened
out and through this section the support wheel of the rack is
moved to a fully extended position. As noted in FIG. 15¢ the
support wheel running surface 190 has been moved in con-
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siderably. This is to allow passage of a rack in an upward
switching mode through the connecting switch section. The
lower wheel of the upper dual guide wheels continues to move
on surface 191. The lower guide wheel running surface 192
disappears in FIG. 15¢ and the rack is supported by the upper
of the lower dual guide wheels moving on surface 193, As the
rack moves through the portion of the connecting switch sec-
tion between FIG. 162 and FIG. 16b, a lower guide wheel
running surface 195 appears and supports the lower wheel of
the lower dual guide wheels as running surface 193 ter-
minates. A second upper guide running surface 196 also
develops in this portion of the connecting switch section and is
used by the upper wheel of the upper dual guide wheels
through FIG. 164 to FIG. 164 during the period after guide
running surface 191 terminates. This upper guide wheel
running surface 196 is used to cantilever the rack across the
opening which allows an upward travelling rack to pass in a
vertical manner between guidebeams 181 and 182. In the sec-
tion of the switch illustrated in FIG. 16¢ to FIG. 16e the sup-
port wheel running surface 190 narrows up again and the sup-
port wheel through this portion of the switch is retracted to a
normal running position. The lower guide wheels are now
running respectively on surfaces 194 and 198. An upper guide
running surface 197 develops again for the lower of the upper
dual guide wheels and the upper guide running surface 196
terminates so that at FIG. 15a the guidebeam is back to a stan-
dard configuration.

The mode of switching a rack in a vertical manner from
guidebeam 181 through the connecting switch section to
guidebeam 182 will now be described in detail. The rack
travels on guidebeam 181 on support running surface 185,
lower guide wheel running surfaces 186 and 187 and upper
guide wheel surface 188. As illustrated through FIG. 154 to
FIG. 15c, an inner support guide wheel running surface 200 is
developed in the connecting switch section by widening out
the original support wheel running surface 185. When it is
desired to shift a rack vertically to downline guidebeam sec-
tion 182 the support wheel of the rack is extended as hereto-
fore described to run on surface 200. A new upper guide
running surface 201 also is developed at FIG. 15¢ for engaging
the upper wheel of the dual upper guide wheels. In the portion
of the connecting switch section illustrated in FIG. 15d the
support running surface 200 is smoothly elevating and the
rack utilizes lower guide wheel running surface 187 and upper
guide running surface 201 to maintain itself in a cantilever
position on the connecting switch section. As the rack moves
on surface 200 between FIG. 15¢ and FIG. 15f, the lower
guide wheels continue to engage surfaces 187 and newly
developed surface 204. Through this section the upper wheel
of the dual upper guide wheels leaves running surface 201 just
after the lower wheel of the upper dual guide wheels engages
behind surface 205 which is formed by an extending leaf of the
guidebeam section. This leaf forms two running surfaces.
These surfaces are 189 for the lower mainline path and 205
for the vertical switch path. The lower wheel of the upper dual
guide wheels follows surface 205 through the portion of the
connecting switch section illustrated in FIG. 15f A new
running surface 206 for the upper wheel of the dual upper
guide wheels is provided as illustrated in FIG. 15f. This surface
206 is used to carry the upper guide wheels across the opening
provided for the upper mainline support wheel 190. As the
support wheel moves up the elevated support surface 200, it
must cross the guide arm gap used for the straight through
travel of a rack. This occurs at FIG. 16a. The upper and lower
wheels of the dual lower guide wheels cooperate to bridge this
gap. Thus when the upper wheel of the lower guide wheels
leaves surface 187, the lower wheel of the dual lower guide
wheels is retained on surface 204 until the upper wheel of the
dual lower guide wheels contacts surface 208. Just after this
contact has been made, the lower wheel of the lower dual
guide wheels goes off surface 204 and crosses the void space
illustrated in FIG. 16b. The lower wheel of the dual lower
guide wheels then engages surface 194 prior to the time the
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upper wheel leaves surface 208. Running surface 194 is the
prime lower guide running surface for the guidebeam 182.
Upper guide running surfaces provide running surfaces for the
upper guide wheels through the transition from FIG. 16a to
FIG. 16¢ as follows. Surface 206 is used to carry the upper
guide wheels across opening 190 for the mainline support sur-
face. Immediately above surface 190, as illustrated in FIG. 16a
and FIG. 16b, a surface 197 is developed. Surface 197 is the
main upper guide wheel running surface for the mainline
guidebeam 182. After these mainline running surfaces of
guidebeam 182 have been contacted by the wheels of the
rack, the rack is transferred to guidebeam 182. The only
remaining operation is to retract the support wheel to position
for movement on running surface 190. This is accomplished as
heretofore described with relation to the extension and retrac-
tion of the support wheel of the rack to thus direct the rack to
the selected downline guidebeam.

DESCRIPTION OF THE ALTERNATIVE EMBODIMENT

Refer now to FIG. 17 where a perspective schematic illus-
tration of the modes of switching that may be selectively done
by the alternative embodiment of apparatus of the present in-
vention without the use of moving parts in the connecting
switch section is shown. The alternative embodiment of ap-
paratus of the present invention incorporates a support wheel
at the top of the rack. As schematically illustrated in FIG. 17,
the alternative rack, having the top driven support wheel, can
switch from a mainline guidebeam section either to the left or
to the right in a horizontal fashion to a diverging downline
guidebeam and can also switch from the mainline guidebeam
section vertically either up or down to a diverging downline
guidebeam. Again, as indicated by the reverse arrows in FIG.
17 the opposite course may be followed by a rack through
such a switch section (or obviously a mirror image switch sec-
tion) constructed to provide for merging from two downline
guidebeams into a main upline guidebeam. In either a merging
or diverging mode switching is accomplished by the rack
without the use of moving parts in the connecting guidebeam
switch section. A movable means carried on the rack and par-
ticularly extendable and retractable wheels of the rack, pro-
vide for selecting one or two or more paths on a guidebeam
switch section to thus determine the course that the rack will
take through the connecting switch section. Thus by selective-
ly choosing a path by extending or retracting one or more of
the wheels of the rack, the rack is directed through a predeter-
mined course in the connecting guidebeam switch section. In
the alternative embodiment of apparatus the top support
wheels are stroked in and out to determine the path on which
they will run and to thus determine the course of the rack
through the switch section. -

In FIG. 18 and FIG. 19 the alternative embodiment of of ap-
paratus assembled in accordance with the present invention is
shown in schematic form. FIG. 18 is a side elevation and FIG.
19 is an end elevation partially in section showing an alterna-
tive rack generally indicated by the number 220 attached to
and in running position on an alternative elongated guidebeam
which is generally indicated by the number 230. The
guidebeam is formed to provide a path in the transportation
system and serves to carry the running surfaces on which the
rack 220 moves. The rack 220 includes a frame member 222
having a number of sets of spaced apart wheels rotatably at-
tached thereto. The sets of wheels include the upper guide
wheels 233 and 232; the lower guide wheels 237 and 239; the
support wheels 238 and the auxiliary support wheels 240 and
241. The support wheels 238 as will hereinafter be discussed
in detail, are usually driven by a power source and therefore
also function as drive wheels to move the rack along the
guidebeam. As indicated in the drawings, the alternative em-
bodiment rack has dual spaced apart upper guide wheels
which include wheels 233 and 232. The lower guide wheels
comprise dual spaced apart wheels 237 and 239. The dual
wheels are positioned on the frame at suitable intervals de-
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pending on the load and the length of the rack. It is usually
desirable to have at least two sets of dual upper guide wheels
and two sets of dual lower guide wheels and two support
wheels for each rack. Dual upper auxiliary support wheels 240
and 241 are also provided for each support wheel in order that
certain switching operations may be accomplished by the al-
ternative rack.

As in the preferred embodiment of apparatus, the alterna-
tive guidebeam 230 is held in desired position by suitable sup-
port means such as for example by a series of columns such as
column 244, spaced apart along the right of way. The
guidebeam 230 may be composed, for example, of prestressed
concrete sections resting end to end on a series of supports
such as column 244. Suitable overall dimensions for such
prestressed sections as a guide to understanding the present
invention have been found to be about 8 feet high by 6 feet
wide and 100 feet long. The guidebeam is formed as illustrated
in FIGS. 18 and 19 so that racks having a top support wheel
can utilize both sides of the guidebeam. In this manner racks
travelling in opposite directions may utilize the same
guidebeam at the same time.

The guidebeam 230 provides at least three spaced apart
running surfaces for the rack. Thus on each mainline right of
way portion of the alternative guidebeam there is provided an
upper guide running surface 234; a lower guide running sur-
face 231 and a support wheel running surface 242. The upper
guide running surface 234 and the lower guide running surface
231 have substantially vertically disposed running surfaces to
accommodate the upper and lower guide wheels respectively.
The support wheel running surface 242 is in a substantially
horizontal plane to accommodate the support wheels. As illus-
trated in FIG. 18 and FIG. 19, the self-powered rack 220 is
adapted to be held and to be moved on the three running sur-
faces of the guidebeam 230 in cantilever fashion. Thus the
upper guide surface 234 is formed on a vertical inward facing
wall of the guidebeam 230 while the lower guide running sur-
face 231 is formed on a vertical outward facing wall of the
guidebeam 230. The upper guide wheels 233, 232 and the
lower guide wheels 237, 239 cooperate with -the support
wheels 238 to position the rack in cantilever fashion on the
guidebeam 230.

The dual wheel configuration of the upper guide wheels
232, 233 and the lower guide wheels 237, 239 and the auxilia-
ry support wheels 240, 241 is provided to permit the rack to
be switched from an upline guidebeam to one of two or more
spaced apart downline guidebeams without the need for mov-
ing parts in the connecting guidebeam switch section. The al-
ternative form of the present invention provides for such
switching of a rack 220 having a top support wheel from ‘a
mainline upline guidebeam to one of two or more diverging
downline guidebeams in either a vertical or a horizontal
downline mode and also to be merged from two upline
guidebeams to a single downline guidebeam in either a vertical
or horizontal mode. The dual guide wheel configuration of the
upper and lower guide wheels and the dual auxiliary support
wheels permit continuous contact of one or the other of the
respective dual upper and lower guide wheels and one or the
other of the forward or rearward dual auxiliary support wheels
with their respective running surfaces during the entire
switching operation as the rack is switched from one
guidebeam to another through the switch section. Since, as is
fully explained later, it is necessary to have gaps in the running
surfaces of the guide running surfaces and the support running
surfaces in the connecting switch sections to permit passage of
portions of a rack on different paths through such section it is
necessary to have dual vertically spaced apart guide wheels on
both upper and lower guide wheels and dual auxiliary support
wheels so that one of the wheels of the set is always in contact
with its respective running surface. The dual wheels as above
described, are necessary so that the same alternative rack may
utilize all of the various alternative vertical and horizontal
switch sections hereinafter described. It will be obvious that
for some switches a dual configuration of all the wheels is not
necessary.
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The rack 220 is driven along the guidebeam 230 by means
of a suitable power source supplying power to the support
wheel 238. As noted, it is preferred in the alternative embodi-
ment of apparatus to use a wheel which rotates on a horizontal
axis as a drive wheel. It is of course possible to provide either
or both the upper and lower guide wheels with power. Motive
power is supplied to the support wheel 238 by a suitable power
source. Such a power source may for example be an electric
motor or an internal combustion engine. Such a suitable
power source is schematically illustrated in FIG. 18 by the box
indicated by the number 246. If it is desired to drive more than
one support wheel, then a second power source 248 may be
utilized. Suitable drive train means are provided to connect
power source 248 to the support wheels 238. Control means
250 are preferably carried on the rack 220 to control the
power sources 246 and 248 and the movement of the rack 220
along the guidebeam 230. Contro! means 250 is preferably
electrically activated and in many instances will be tied into a
computer network so that a number of racks may be moved at
closely spaced intervals along the guidebeam system.

Refer now to FIG. 20, FIG. 21 and FIG. 22 which show
respectively an elevation view, a side view and a top view of
the alternative rack assembled in accordance with the present
invention. The rack has dual upper guide wheels 232 and 233
and lower dual guide wheels 237 and 239. Support or power
wheels 238 are used to move the rack 220 along the running
surfaces of the guidebeam. The upper guide wheels 232, 233
and the auxiliary support wheels 240, 241 and the main sup-
port wheel 238 are held in position by overhanging arm
member 262. These wheels are adapted to extend over the
upper portion of the guidebeam and engage the inner running
surfaces of the guidebeam. In accordance with the invention
the rack has a movable means which cooperates with dual
running surfaces on the connecting switch section to provide
for directing the rack from a main upline guidebeam to one of
two or more diverging downline guidebeams or vice versa.
Certain wheels of the rack are useful as such a means mova-
ble. Thus support wheels 238 of the alternative embodiment
of apparatus are extendable and retractable to select one of
two or more diverging running surfaces of a connecting switch
section.

The support wheels 238 are extended and retracted from
the rack by suitable means such as illustrated schematically in
FIGS. 20-22 inclusive. Suitable bell cranks 307 are pivotally
mounted on pins 309. One of the ends 304 of each of the bell
cranks is connected to one of the ends of the axles of the sup-
port wheels 238. The other ends 303 of each of the bell cranks
are connected to a suitably arranged double acting hydraulic
cylinder 305 through push rods 306. The hydraulic cylinder
305 is fixedly mounted to the frame 222 by suitable means.
Thus when the hydraulic cylinder is activated, the support
wheels 238 are extended or retracted by the action of the
above described mechanical linkage.

The support wheels 238 are powered through suitable axles
by appropriate power sources. The power source may be
formed by an electric motor or an internal combustion engine.
Thus electric motors 252 and 253 are connected through
suitable drive train linkage indicated as 250 and 251 to the
support wheels 238. The support wheel power sources are
controlled by control means 254 carried on the frame 222.
Suitable circuitry 255, 256 extends between the control means
and the power means and the wheels to accomplish such con-
trol. Arranged on the load carrying side of the rack are a series
of load hoods generally indicated by the number 281. The
load hooks are used to carry loads on the side of the rack.

Thus in accordance with the alternative embodiment of the
present invention at least two positions are provided for the
support wheel. That is to say, a support wheel can be moved
normal to the rack to two separate horizontal running surfaces
and switching can be accomplished without the use of mova-
ble parts in the connecting switch section. In accordance with
the invention the rack is switched or is caused to continue
along a given guidebeam depending upon the running surface
which the extendable and retractable support wheel elects to
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follow in the upstream portion of the connecting switch sec-
tion. A support wheel of the present invention is thus movable
between one or at least two possible positions. In the first posi-
tion for example, a support wheel will follow a running surface
which will permit the rack to continue along the main
guidebeam right of way. In the second position the support
wheel will cause the rack to be switched vertically or horizon- -
tally to an auxiliary downline guidebeam by virtue of the sup-
port wheel following a diverging support wheel running sur-
face. The auxiliary support wheels and the dual upper and
lower guide wheels follow surfaces dictated by the selection of
running surface of the support wheel.

FIG. 23 and FIGS. 234-23/ show views of a vertical switch
connecting section providing interchange between two main
guidebeams. These FIGURES also illustrate both diverging
switching and merging switching. Two vertically spaced apart
upline guidebeams 380 and 381 are shown. Two downline ver-
tically spaced apart guidebeams 382 and 383 are also shown.
The connecting switch section intermediate to these
guidebeams permits vertical switching between guidebeam
381 and guidebeam 382. The connecting switch section also
permits passage of a rack directly through the section on
either mainline guidebeam to the corresponding downline
guidbeam. Thus a rack may be directed from upline
guidebeam 381 through the switch section to downline
guidebeam 383. A rack may also be directed through the con-
necting switch section from guidebeam 380 to guidebeam
382. Obviously, the reverse mode of vertical switching is also
possible in accordance with the invention. Thus the switch
section may be differently embodied so that switching may be
done between guidebeam 380 and guidebeam 383.

Referring again to FIG. 23, assume first that it is desired to
direct a rack from guidebeam 381 through the connecting
switch section to guidebeam 383. The support wheel of such a
rack would be moving on surface 385 as illustrated in FIG.
23a. The lower dual guide wheels run on surface 386. An
upper guide surface 387 is provided for the lower wheel of the-
upper dual guide wheels. As is evident by observing FIG. 23
and FIGS. 234-23i, the rack being directed from guidebeam
381 through the switch section to guidebeam 383 will con-
tinue to run on the surfaces. The upper of the upper dual guide
wheels will contact surface 401 for a short period shown in
FIG. 23b and FIG. 23c, however, this does not effect the travel
of the rack.

When it is desired to direct the rack from guidebeam 380
through the connecting switch section to downline guidebeam
382 the following sequence of running surfaces are provided
to move the rack in cantilever fashion through the switch sec-
tion. Support wheel running surface 389 is used to carry the
support wheel of the rack along the upline guidebeam 380 and
through the initial part of the connecting switch section. An
upper guide wheel running surface 391 is initially provided for
the lower wheel of the dual upper guide wheels. Surface 392 is
used for the dual lower guide wheels. As the support running
surface 390 moves into the portion of the connecting switch
section between FIG. 23f and FIG. 23g the surface is cammed
in substantially and thus the support wheel of the rack must be
extended to maintain the support wheel on such surface. The
surface is cammed in to permit the vertical support wheel sur-
face coming from the lower guidebeam to come together with
the upper support surface. The wheels of the rack will con-
tinue to run on surfaces 390, 391 and 392 through the portion
of the connecting switch section between FIG. 234 and FIG.
23e¢. The upper wheel of the dual lower guide wheels leaves
surface 392 in the portion between FIG. 23f and FIG. 23g.
However, by this time the lower wheel of the lower dual guide
wheels has made contact with surface 403 and will run on that
surface during the transition period across the connecting
switch section. A new running surface 404 develops between
FIG. 23¢ and FIG. 23i. This running surface is provided for the
upper wheel of the upper dual guide ‘wheels while the lower
wheel of the upper dual guide wheels leaves surface 391 as the
guide wheel crosses the vertical portion of the switch. It is
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evident that the rack will be maintained in cantilever fashion
through the switch section of FIGS. 23f-23; by means of the
upper guide wheel running on surface 404, the support wheels
running on surface 390 and the lower guide wheels running on
surface 403. After the rack has passed the portion of the con-
necting switch section shown in FIG. 23i the configuration of
the guidebeam 382 returns to a normal mainline configuration
as illustrated in FIG. 23a.

When it is desired to vertically switch a rack from upline
guidebeam 381 to merge with downline guidebeam 382 or
diverge from downline guidebeam 383 the following sequence
of events will occur. As the rack moves on guidebeam 381 the
support wheel is extended and engages surface 405 which
develops between FIG. 23b and FIG. 23c. Surface 405 is
ramped up through this portion of the switch and continues to
ramp up through FIG. 23i where it reaches the level of upper
support running surface 390 whereupon the two surfaces
merge into one. As the support wheel follows the ramped up
portion of the support connecting surface 405 the upper and
lower guide wheels cooperate to bridge the gaps in the running
surfaces. Thus the upper wheel of the upper guide wheels con-
tacts surface 401 prior to the time that the lower wheel of the
upper dual guide wheels leaves surface 387, Then the lower
wheel of the upper dual guide wheels engages surface 406
prior to the time that the upper wheel leaves surface 401. Sur-
face 406 serves to carry the lower wheel of the upper guide
wheels across the gap shown in FIG. 23g and FIG. 234. At the
section illustrated in FIG. 23i, surface 406 merges with and
becomes guide surface 391. The lower dual guide wheels
cooperate to bridge the gaps between surfaces 386 and 402.
The guide wheels cooperate to maintain the rack on the sur-
faces across the gaps needed for passage of a rack on a dif-
ferent course. It is noted that for this mode of vertical
switching that the auxiliary support wheels discussed in detail
in relation to the alternative rack are not necessary. These
support wheels are only necessary during certain aspects of
horizontal switching as will be discussed below.

A horizontal switch for the alternative embodiment of ap-
paratus is illustrated in FIG. 24, FIGS. 24q-24g, FIG. 25 and
FIGS. 25a-25b. In this switch a rack ‘may be directed from
upline guidebeam 410 to either of a pair of diverging downline
guidebeams 412 and 414. If it is desired, for example, to direct
a rack from guidebeam 410 to guidebeam 414 the following
running surfaces would be utilized. A support running surface
420 is used as the mainline support running surface. A guide
wheel running surface 422 is provided for the lower wheel of
the upper dual guide wheels and a guide running surface 424 is
provided for the lower guide wheels. The support running sur-
face 420 widens out substantially as shown in FIG. 24b and
FIG. 24c to form a new guide running surface 426. When it is
desired to go to guidebeam 414 the support wheel is extended
to move on surface 426. An upper guide running surface 430
begins in FIG. 24b and serves to carry the upper wheel of the
dual upper guide wheels through the switch section. The lower
guide wheels run on surface 424 through the entire connecting
switch section to guidebeam 414.

When it is desired to switch the rack from guidebeam 410 to
guidebeam 412 the support wheel is maintained in a normal
running position on running surface 420. This running surface
is lowered beginning between FIG. 24c and FIG. 244 and
finally is lowered far enough so that the auxiliary support
wheels contact running surface 432 and the auxiliary wheels
run on this surface through the portion of the window section
of the switch illustrated in FIG. 254. The auxiliary support
wheels, of course, may be powered or momentum may be used
to carry the rack through this portion of the switch. The upper
dual guide wheels operate on surface 428 through the con-
necting switch section while the lower guide wheels pick up
section 436 in FIG. 24f and utilize this surface through the
window section of the switch. Thus the rack is switched to
guidebeam 412,
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SUMMARY OF ADVANTAGE AND SCOPE OF
INVENTION

The transportation system of the present invention includes
a rack having dual guide wheels and extendable and retracta-
ble support wheels for use on elongated guidebeams having
improved non-moving connecting switch sections incor-
porated therein. The rack cooperating with the guidebeam
system of the invention utilizes a movable wheel to select a
path through connecting guidebeam switch sections which
permit the rack to be selectively switched through the switch
section in a vertical or in a horizontal mode to one or more
diverging downline guidebeams or from two upline
guidebeams to a single downline guidebeam. The switching is
accomplished by the rack without the use of moving parts in
the connecting switch section of the guidebeam system. The
extendable and retractable wheel carried on the rack and
preferably the support wheel of the rack is adapted to select
between one of two or more paths on a guidebeam to thus
determine the course that the rack will take through a con-
necting switch section. Thus by selectively choosing a path by
extending or retracting the support wheel, the rack is directed
to a predetermined course in the connecting guidebeam
switch section. Racks having both lower support wheels and
upper support wheels are disclosed, as are connecting switch
sections for both varieties of racks.

A significant advantage of the present invention is provided
by the ability to shift a rack in both vertical and horizontal
modes through a connecting guidebeam section without the
need for moving parts in the connecting switch. This ad-
vantage permits rapid switching of a rack which is closely fol-
lowed by a second rack and thus eliminates any problem of
time delay inherent in movable switch mechanisms.

Another particularly important advantage of the present in-
vention is the plurality of choices that are available in the
switching modes of the rack. That is, depending on local con-
ditions it may be desirable to have left horizontal, right
horizontal or up vertical or down vertical switching. It is also,
as is evident, possible to have a combination of such switching
to provide for an almost limitless variety of switching of a rack
through such sections.

Another significant advantage of the present invention is
that, as is evident from an understanding of the mode of
switching of the present invention, if, for example, the support
wheels failed to retract or to extend the rack would simply
continue on the other of two or more possible downline cour-
ses. That is, a fail safe feature is built into the present switch
system which, should a mechanical failure occur, would not
result in a collision or derailment of the rack.

Although the invention has been described in reference to
certain preferred and alternative embodiments intended for
use in the transportation system, it will be appreciated that
other embodiments suitable for applications in the transporta-
tion system may be provided. For example, it is clear that it is
possible to make extendable and retractable one or more of
the guide wheels to provide for non-moving switches which
are selected by moving the guide wheels to a predetermined
path and having the guide wheels perform the directional
function rather than the support wheels as the rack moves
through the connecting switch section. Similarly the guide
wheels may be driven by a power source and provide the driv-
ing means for the rack. Thus as mentioned, although the in-
vention is described with reference to the preferred and alter-
native embodiment, it will be apparent to those skilled in the
art, that additions, deletions, modifications, substitutions and
other changes not specifically described and illustrated in the
discussed embodiments may be made which will fall within the
purview of the appended claims.

Although specific embodiments of the present invention
have been described in detail, the invention is not to be limited
to any such specific embodiments, but is meant to include all
embodiments coming within the scope of the appended
claims.
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We claim:

1. A transportation system having non-moving connecting
switch sections comprising a main guidebeam, a first spaced
apart guidebeam, a second spaced apart guidebeam, all of said
guidebeams having an inwardly facing vertical upper guide
running surface, an outwardly facing vertical lower guide
running surface and a substantially horizontal support running
surface formed thereon, a connecting guidebeam switch sec-
tion extending between said main guidebeam and each of said
spaced apart guidebeams, first non-moving connecting
running surfaces on said switch section between said main
guidebeam and said first spaced apart guidebeam, said first
running surfaces comprising an inwardly facing vertical upper
guide running surface, an outwardly facing vertical lower
guide running surface and a substantially horizontal support
running surface, each of said first running surfaces being con-
nected between the counterpart running surfaces of said main
guidebeam and said first spaced apart guidebeam, second non-
moving connecting running surfaces on said connecting switch
section between said main guidebeam and said second spaced
apart guidebeam, said second running surfaces comprising an
inwardly facing vertical upper guide running surface, an out-
wardly facing vertical lower guide running surface and a sub-
stantially horizontal support running surface, each of said
second running surfaces being connected between the coun-
terpart running surface of said main guidebeam and said
second spaced apart guidebeam, at least one gap in said first
or said second guide running surface for passing a portion of
the aftersaid rack, a rack for cantilevering on a guidebeam
having wheels for use in moving on the running surfaces of
said guidebeams, said wheels including a support wheel for
running on said support surface, and upper and lower guide
wheels for running on said upper and lower guide surfaces, at
least one of said upper or lower guide wheels being dual verti-
cally spaced apart wheels for bridging the gap in either said
first or second guide running surface, and movable means on
said rack for selectively moving on one of said connecting
running surfaces to selectively move said rack through said
switch section between said main guidebeam and one of the
said spaced apart guidebeams.

2. The transportation system of claim 1 further charac-
terized in that said first or said second running surface of said
connecting guidebeam switch section includes an inwardly
facing vertical upper guide running surface formed by a de-
pending wall of said connecting guidebeam switch section.

3. The apparatus of claim 1 further characterized in that the
main guidebeam is an upline guidebeam and the spaced apart
guidebeams are diverging downline guidebeams.

4. The apparatus of claim 1 further characterized in that the
main guidebeam is a downline guidebeam and the spaced
apart guidebeams are merging upline guidebeams.

5. The apparatus of claim 3 further characterized in that the
downline guidebeams are vertically spaced apart.

6. The apparatus of claim 3 further characterized in that the
downline guide beams are horizontally spaced apart.

7. The apparatus of claim 4 further characterized in that the
upline guidebeams are vertically spaced apart.

8. The apparatus of claim 4 further characterized in that the
upline guidebeams are horizontally spaced apart.

9. The apparatus of claim 1 further characterized in that the
movable means on said rack are extendable and retractable
support wheels movable between at least two positions and
that said rack has sets of dual upper guide wheels and dual
lower guide wheels.

10. The apparatus of claim 9 further characterized in that
the support wheels are located near the lower part of said
rack.

11. The apparatus of claim 10 further characterized in that
each of the support wheels is located between each set of dual
lower guide wheels.

12. The apparatus of claim 9 further characterized in that
the support wheels are located near the top of said rack.

13. The apparatus of claim 12 further characterized in that
a pair of auxiliary support wheels are located adjacent to each
of the support wheels.
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14. The apparatus of claim 12 further characterized in that
each of the support wheels is located between each set of dual
upper guide wheels.

15. The apparatus of claim 9 further characterized in that
the connecting running surfaces of the connecting guidebeam
section contain gaps to pass portions of a rack and that the
dual upper guide wheels and the dual lower guide wheels
cooperate to bridge such gaps as the rack is moved through
the connecting switch section.

16. A guidebeam switch section for sw:tchmg between an
upline guidebeam and one of two or more spaced apart
downline guidebeams comprising an upline guidebeam having
an inward facing vertical upper guide wheel running surface,
an outer facing vertical lower guide wheel running surface and
a substantially horizontal support wheel running surface, a
first downline guidebeam having an inward facing vertical
upper guide wheel running surface, an outer facing vertical
lower guide wheel running surface and a substantially horizon-
tal support wheel running surface, a second downline
guidebeam having an inward facing vertical upper guide wheel
running surface, an outer facing vertical lower guide wheel
running surface and a substantially horizontal support wheel
running surface and a connecting guidebeam switch section
having the upline end thereof connected to the upline
guidebeam and a downline end thereof connected to each of
said spaced apart downline guidebeams, said connecting
guidebeam section having a first inward facing vertical upper
guide wheel running surface, a first outer facing vertical lower
guide wheel running surface, and a first substantially horizon-
tal support wheel running surface, all of said first surfaces
being connected between the counterpart running surfaces of
said upline guidebeam and one of said spaced apart downline
guidebeams, (and) said connecting guidebeam section having
a second inward facing vertical upper guide wheel running
surface, a second outer facing vertical lower guide wheel
running surface and a second substantially horizontal support
wheel running surface, all of said second surfaces being con-
nected between the counterpart running surfaces of said
upline guidebeam and the other of said spaced apart downline
guidebeams and a substantially vertically extending gap in at
least one of said first guide running surfaces or second guide
running surfaces, said running surface being continuous in the
normal direction of travel along said guidebeam connecting
section for cooperation with a rack having dual vertically
spaced apart guidewheels.

17. The switch section of claim 16 further characterized in
that said first or said second running surface of said connect-
ing guidebeam switch section includes an inwardly facing ver-
tical upper guide running surface formed by a depending wall
of said connecting guidebeam switch section.

18. The apparatus of claim 16 further characterized in that
the downline guidebeams are vertically spaced apart.

19. The apparatus of claim 16 further characterized in that
the downline guidebeams are horizontally spaced apart.

20. The apparatus of claim 16 further characterized in that
the first running surfaces of said connecting switch section
have gaps fo pass portions of a rack moving through said
switch section.

21. The apparatus of claim 16 further characterized in that
the second running surfaces of said connecting switch section
have gaps to pass portions of a rack moving through said
switch secton.

22. The apparatus of claim 16 further characterized in that
both the first and second running surfaces of the connecting
switch section have gaps to pass portions of a rack moving
through said switch section.

23. A guidebeam switch section for switching from one of
two or more spaced apart upline guidebeams to a downline
guidebeam comprising a downline guidebeam having an in-
ward facing vertical upper guide wheel running surface, an ou-
terfacing vertical lower guide wheel running surface, and a
substantially horizontal support wheel running surface, a first
upline guidebeam having an inward facing vertical upper
guide wheel running surface, an outer facing vertical lower
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guide wheel running surface and a substantially horizontal
support wheel running surface, a second upline guidebeam
having an inward facing vertical upper guide wheel running
surface, an outer facing vertical lower guide wheel running
surface, and a substantially horizontal support wheel running
surface and a connecting guidebeam switch section having the
downline end thereof connected to said downline guidebeam
and upline ends thereof connected to each of said spaced
apart upline guidebeams, said connecting guidebeam section
having a first inward facing vertical upper guide wheel running
surface, a first outer facing vertical lower guide wheel running
surface, and a first substantially horizontal support wheel
running surface, all of said first surfaces being connected
between the counterpart running surfaces of said downline
guidebeam and one of said spaced apart upline guidebeams,
(and) said connecting guidebeam section having a second in-
ward facing vertical upper guide wheel running surface, a
second outer facing vertical lower guide wheel running sur-
face and a second substantially horizontal support wheel
running surface, all of said second surfaces being connected
between the counterpart running surfaces of said downline
guidebeam and the other of said spaced apart upline
guidebeams and a substantially vertically extending gap in at
least one of said first guide running surface or second guide
running surface, said running surface being continuous in the
normal direction of travel along said guidebeam connecting
surface for cooperation with a rack having dual vertically
spaced apart guidewheels.

24. The switch section of claim 23 further characterized in
that said first or said second running surface of said connect-
ing guidebeam switch section includes an inwardly facing ver-
tical upper guide running surface formed by a depending wall
of said connecting guidebeam switch section.

25. The apparatus of claim 23 further characterized in that
the upline guidebeams are vertically spaced apart.

26. The apparatus of claim 23 further characterized in that
the upline guidebeams are horizontally spaced apart.

27. The apparatus of claim 23 further characterized in that
there are two or more downline guidebeams and that the
downline guidebeams are horizontally spaced apart.

28. The apparatus of claim 23 further characterized in that
the first running surfaces of said connecting switch section
have gaps to pass portions of a rack moving through said
switch section.

29. The apparatus of claim 23 further characterized in that
the second running surfaces of said connecting switch section
have gaps to pass portions of a rack moving through said
switch section.

30. A rack for use in cantilever fashion on a guidebeam
comprising a frame, at least two sets of upper dual guide
wheels rotatably mounted on a normally vertical axis on an
over-hanging arm of said frame, at least two sets of lower dual
guide wheels rotatably mounted on a normally vertical axis on
said frame, at least two support wheels rotatably and recipro-
cally mounted on a normally horizontal axis on said frame and
means for extending and retracting said support wheels in a
direction normal to said frame.

31. The apparatus of claim 30 further characterized in that
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the support wheels are located near
frame.

32. The apparatus of claim 31 further characterized in that
the frame has power means attached thereto for rotatably
driving said support wheels. )

33. The apparatus of claim 30 further characterized in that
the support wheels are located near the top of said frame.

34. The apparatus of claim 33 further characterized in that
the frame has power means attached thereto for rotatably
driving said support wheels.

35. Apparatus comprising a frame, at least (3) three types
of wheels rotatably mounted on said frame, said types com-
prising at least a pair of spaced apart (dual) upper guide
wheels rotatably mounted on a normally vertical axis, at least

(2) two spaced apart lower guide wheels rotatably mounted
on a normally vertical axis and at least (2) two spaced apart

support wheels rotatably mounted on a normally horizontal
axis, means for driving at least one of said wheels and means
for extending and retracting the wheels of at least one of said
types in a direction normal to the direction of the plane of
rotation of the wheels of one of said types (travel of said
frame). ]

36. The apparatus of claim 35 further characterized in that
the support wheels are the extendable and retractable wheels.

37. A method of switching a rack cantilevered on three
running surfaces of a guidebeam between a main guidebeam
and one of two or more spaced apart guidebeams comprising
moving said rack along one of said guidebeams in cantilevered
position, determining which of the other of said guidebeams to
move said rack, moving a means movable on said rack to
select a running surface for said rack, passing portions of said
cantilevered rack through a gap in a running surface of the
guidebeams, and switching said rack to .said selected
guidebeam while bridging said gap with wheels of said rack.

38. The method of claim 37 further characterized in that the
rack is switched vertically.

39. The method of claim 37 further characterized in that the
rack is switched horizontally.

40. The method of claim 37 further characterized in that the
rack is switched from an upline guidebeam to one of two or
more diverging downline guidebeams.

41. The method of claim 38 further characterized in that the
rack is switched vertically between two main line guidebeams.

42. A method of switching a cantilevered rack between a
main upline guidebeam and one of two or more diverging
downline guidebeams comprising moving said rack along an
upline guidebeam, selecting one of two or more downline
guidebeams to which to move said rack, moving wheels of said
rack in a direction normal to the direction of travel of said
rack to select a running surface for said wheels, passing a por-
tion of said rack through a gap in said running surface and
causing said rack to move on said running surface to the
selected downline guidebeam while bridging said gap with
wheels of said rack.

43. The method of claim 42 further characterized in that the
rack is switched vertically.

44. The method of claim 42 further characterized in that the
rack is switched horizontally.
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