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Horizontal and Vertical Passenger Transport

This application is a continuation-in-part of
parent application U.S. Serial No. 08/666,162 filed on
June 19, 1996.

Technical Field

This invention relates to moving passengers
vertically, as in elevators, as well as horizontally,
as in cabs on carriages or bogeys, and relationships
therebetween.

Background Art
- In hypertall buildings (those having many more
than 100 floors), the problem of the limited practical
length of elevator hoistways has been solved in part
by means of coupling of hoistways together, and
transferring an elevator cab therebetween, as
disclosed in commonly owned copending U.S. application
Serial No. 08/564,754, filed on November 29, 1995. 1In
addition, the number of elevators required to move an
adequate number of passengers between floors which are
separated significantly (near the bottom of the
building and near the top of the building) is
increased by the extent to which passengers, in
unloading and reloading the elevator, cause the
elevator cabs to remain at rest, rather than moving
passengers. This problem has been overcome to a great
extent by means of offshaft loading of elevator cabs,
as is disclosed in commonly owned copending U.S.
patent application 08/565,606, filed November 29,
1995, However, when lopal elevators are involved
(rather than shuttles between widely diverse floors),
the movement of the elevator is slowed by the number
of stops, and by extent to which passengers delay the
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hundreds of floors, and local elevators which deliver
them to their destinations, has been accomplished as
illustrated in the parent application hereto and in
commonly owned copending U.S. patent application
Serial No. 08/663,869, filed on June 19, 1996.

As is true in the case of moving passengers
great vertical distances in hypertall buildings, the
movement of passengers between horizontal
transportation (such as mass transit and the like) and
vertical transportation (such as elevators), is o
aggravated by the interface between the transportation
modes due to the unpredictability of passenger
movement when passengers are milling around on foot.

Disclosure of Invention

Objects of the invention include provision of
integrated passenger transportation in both horizontal
and vertical directions; horizontal transportation of
passengers on floors of very large buildings which is
integrated with vertical transportation of passengers
above and below such floors; and integrated
transportation between diverse buildings or building
segments separated by significant horizontal distance,
in which vertical transportation is provided in the
diverse buildings or segments.

According to the present invention, passenger
cabs are transferred between elevator car frames and
horizontally moving bogeys or carriages to provide
integréted vertical and horizontal transportation for

'passengers. In accordance with the invention further,



-2- unl oading and | oadi.ng thereof. To inprove transportation between
floors near a | ow end of the building and floors separated a great distance
fromthe | obby, the automatic transfer of el evator cabs between shuttles
whi ch may nove the passengers hundreds of floors, and |ocal elevators which

deliver themto their destinations, has been acconplished as illustrated in
the parent application hereto and in comonly owned copending U. S. patent
application Serial No. 08/663,869, filed on June 19, 1996. As is true

in the case of noving passengers great vertical distances in hypertal
bui | di ngs, the novenent of passengers bet%ng_horizonta
transportation of passengers is effected by moving an
elevator cab from a given elevator car frame onto a
selected one of a plurality of horizontally moveable
carriages or bogeys. In further accord with the
invention, integrated horizontal and vertical
transportation is provided by transferring a passenger
cab from a horizontally moving carriage or bogey on
one floor level into a selected one of a plurality of
shuttle elevator shafts for movement to another floor
level. In still further accord with the present
_invention, a passenger cab can be transferred from an
elevator to either a floor level for horizontal
transportation to selected stops, or into ancther
elevator for transfer to yet another floor level, in
dependence upon the car calls established in the
passenger cab.

Other objects, features and advantages of the
present invention will become more apparent in the
light of the following detailed description of
exemplary embodiments thereof, as illustrated in the
accompanying drawing.

Brief Description of the Drawings

Fig. 1 is a simplified, stylized, perspective
view of elevator shuttles in a hypertall building
interconnecting with horizontal transports on a
plurality of transport floors.

Fig. 2 is a partial, simplified perspective
view, partially broken away, showing additional detail
at a transport floor of Fig. 1. '

Fig. 3 is a partial, stylized top plan view of a
transport floor of the system of Fig. 1.

Fig. 4 is a detailed, partial, partially
sectioned top plan view of the transport floor of Fig.
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Obj ects of the invention include provision of integrated passenger
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away, partially sectioned side elevation view of an
elevator cab in the process of being transferred from
a car frame within a hoistway onto a carriage.

Fig. 6 is partially sectioned, partially broken

- away front elevation view of an elevator cab locked
onto a carriage which in turn is locked onto the
transport floor of Figs. 1 and 2.

Fig. 7 is a partial, simplified perspective view
of a portion of the system of Fig. 1, including a
track crossing modification, a horizontai hall call
stop, and nomenclature utilized in the logic flow
diagrams of Figs. 8-13 descriptive of operations at
the transport floor.

Figs. 8-13 are simplified logic flow diagrams of
exemplary routines for controlling cab transfers in
the embodiments of Figs. 1-7.

Fig. 14 is a partial, simplified perspective
view of a transport floor similar to that of Figs. 1,
2 and 7, but having a single horizontal track.

Fig. 15 is a perspective view of an upper level -
in a hypertall building utilizing horizontal and
vertical transportation of passengers according to the
invention in which a different form of transfer
mechanism is employed.

Fig. 16 is a partially broken away, simplified
perspective view of a plurality of horizontal levels
having cabs traveling thereon, the levels being |
interconnected by elevator shuttles.

Fig. 17 is a partial, partially broken away,
simplified side elevation view of a passenger cab
being transferred between a bogey and an elevator car



-3- transportation of passengers is effected by noving an el evator cab
froma given elevator car franme onto a sel ected one of a plurality of
horizontal |y noveabl e carriages or bogeys. In further accord with the
invention, integrated horizontal and vertical transportation is provided by
transferring a passenger cab froma horizontally noving carriage or bogey
on one floor level into a selected one of a plurality of shuttle el evator
shafts for novenent to another floor level. In still further accord with
the present invention, a passenger cab can be transferred froman el evator
to either a floor level for horizontal transportation to selected stops, or
into another elevator for transfer to yet 2not her floor level, in

frame in a manner suitable for use in the embodiments
of Figs. 15 and 16.

' Fig. 18 is a fragmentary top plan view of the
bogey and car frame rails of Fig. 17.

Figs. 19 and 20 are simplified logic flow
diagrams of exemplary routines which may be used in
controlling transfers in the embodiments of Figs. 15-
18.

‘Best Mode for Carrying Out the Invention

Referring now to Fig. 1, the horizontal and
vertical transportation of passengers in accordance
with an embodiment of the present invention includes
transferring passenger cabs at a tranqurt floor 26
between a first group of vertical elevator shuttles
L1-14, a second group of elevators H1-H4, which may be
shuttles or local elevators, and carriages such as a
carriage 28, which are moveable on horizontal tracks
X1, X2. Switching between the elevators and the
tracks X1, X2 is accomplished in part by moving of
carriages on tracks Y1-Y4, which are transverse to the
tracks X1 and X2. The tracks Y1-Y4 provide the
capability to move a cab from any one of the elevators
L1-L4 to either of the tracks X1-X2 or to any of the
elevators Hl1-H4, and vice versa. In accordance with
one aspect of the present invention, the transport
floor 26 may comprise an upper floor of a hyper
building. On the other hand, the invention about to
be described may also be practiced with horizontal
transportation on tracks X3, X4 extending on or near a
ground level, such as may occur in or under a downtown
‘underground mall of a common variety, on a transport
floor 27. The cabs may be removed from the elevators
at landings 29 at the lobby level, for unloading and
loading, as in said application Serial No. 08/565,606.



dependence upon the car calls established in the passenger cab. O her
obj ects, features and advantages of the present invention wll|l becone nore
apparent in the light of the followi ng detail ed description of exenplary
enbodi nents thereof, as illustrated in the acconpanyi ng draw ng. Bri ef
Description of the Draw ngs Fig. 1 is asinplified, stylized,
perspective view of elevator shuttles in a hypertall building

i nterconnecting with horizontal transports on a plurality of transport
floors. Fig. 2 is a partial, sinplified perspective view, partially
br oken away, showi ng additional detail at a transport floor of Fig. 1

Fig. 3 i1s a partial, stylized top plan viewegf-a transport floor of the
systemof Fig. 1. Fig. 4 is a detailed, partial, partially sectioned
top plan view of the tr@hepeohceptodisofuFther illustrated in Fig. 2

wherein a cab A 101 is shown being loaded onto an
elevator H1 at, for instance, the 60th floor of a
building, for transport, for instance, to the 120th
floor of the building. Similarly, a cab B is being
shown loaded onto an elevator shuttle L3 for vertical
transportation to the ground level of the building.
As shown in Fig. 2, the tracks X1, X2 may be connected
by crossovers 30, 31 which themselves will comprise
tracks of the same variety as the tracks X1, X2 and Y1
and Y4 of Fig. 1. The tracks Y1-Y¥4 are omitted from
Fig. 2 for simplicity. As one example of an _
embodiment of the present invention, the carriage 107
and mechanism for transferring the cab 101 between the
carriage 107 and the car frame platform 104 of the
parent application are illustrated in Figs. 3-6.
Referring now to Fig. 3, a fragment of the
transfer floor 26 is shown at the intersection of path
X1 with path Y1, adjacent the hatchway 56 of high
elevator H4, between walls 57, 58 which separate the
hatchways. In the present invention, each of the
paths on the transfer floor X1, X2, Y1-Y¥4 includes
segments of linear induction motor (LIM) primaries 60-
67 and pairs of wheel track segments such as, along
the path Y4, track segments 70-75 and along the X1
path, track segments 76-83. 1In Fig. 3, the dotted
lines 85 together with the dot dash lines 86 describe
the outline of the cab carrier 107 in accordance with
the invention when it is positioned adjacent to the
high elevator H1l, butted up against the sill 87 of the
hatchway 56 between inter-elevator wall structures 57,
'58. The dash lines 88 together with the dot dash
lines 86 describe the outline of the carrier 107 when
it has moved away from the local elevator L1 to a
position centered on the path X1 so that it may travel



-4- 3 illustrating a caster of a cab carrier at a track intersection.

Fig. 5is a partial, stylized, partially broken away, partially sectioned
side el evation view of an elevator cab in the process of being transferred
froma car frame within a hoistway onto a carri age. Fig. 61is
partially sectioned, partially broken away front el evation view of an

el evator cab | ocked onto a carriage which in turn is |locked onto the
transport floor of Figs. 1 and 2. Fig. 7 is a partial, sinplified
perspective view of a portion of the systemof Fig. 1, including a track
crossing nodification, a horizontal hall call. stop, and nomenclature
utilized in the logic flow di agrans of FH-g®.-8-13 descriptive of operations

at the transport fl oor. . . ]
in the X direction. For clarity, the illustration of

Fig. 3 is not drawn to scale. However, it is clear
that, if desired, the X path could be closer to the
elevators, such as elevator Hl, causing the tracks 70,
71 and the segment 60 to be shorter than shown.
Howe?er, it is believed best to have some length of
LIM primary 60 to assure adequate acceleration power
for movement of the carriage with a cab on it. The
configuration details are irrelevant to the invention .
and may be selected to suit any implementation
thereof.. '

In this embodiment, carriage/floor locks 91, 92
are disposed in diagonally opposite quadrants within
the area where a carriage will come to rest. These
may be the same as the cab/car locks disclosed in
commonly owned U.S. patent application Serial No.
08/565,658 filed on November 29, 1995, and described
more hereinafter.

In Fig. 4, a wheel track intersection between
tracks 70, 72, 76 and 78 is shown. A caster 93
includes a bracket 94 that joins a pivot 95 to a
spindle 96 which constrains the bearings (not shown)
of a wheel 97. The intersection is formed to assure
motion: should the carriage first be moved along an X
path, so that the caster 93 is in the position shown
in Fig. 4, and next be required to movexélong ay
path, the combination of abutments 98 and open areas
99 in each intersection ensure that the caster can
move in the Y direction, either along the track 70 or
along the track 72. It should be borne in mind that
the distances involved on the transfer floor are small
(tens of meters overall), and the carriage speed is
most likely preferably quite slow so that horizontal
movement will not jar the passengers unduly. Under
these conditions, passive steering of a caster can be



Figs. 8-13 are sinplified logic flow diagrans of exenplary routines for

controlling cab transfers in the enbodi ments of Figs. 1-7. Fig. 14 is
a partial, sinplified perspective view of a transport floor simlar to that
of Figs. 1, 2 and 7, but having a single horizontal track. Fig. 15 is

a perspective view of an upper level in a hypertall building utilizing
horizontal and vertical transportation of passengers according to the
invention in which a different formof transfer nechanismis enployed.
Fig. 16 is a partially broken away, sinplified perspective view of a
plurality of horizontal |evels having cabs traveling thereon, the levels
bei ng i nterconnected by el evator shuttles. 8 = Fig. 17 is a partial,
partially broken away, sinplified side elevation view of a passenger cab
bei ng transferr esbdeptahle.a Howeyveand morelcomplex gheering may be

provided within the purview of the invention.
Referring now to Fig. 5 and Fig. 6, the best
mode for transferring a cab between elevator cars and
carriers at the transfer floor might be that disclosed
in commonly owned U.S. patent application Serial No.
08/663,569 filed on June 19, 1996. In Fig. 5, the
bottom of the elevator cab 101 has a fixed, main rack
102 extending from front to back (right to left in
Fig. 5), and a sliding rack 103 that can slide
outwardly to the right, as shown in Fig. 5. There are
a total of four motorized pinions on each platform 104
of the elevator car frame 105 and on each platform 106
of each carrier 107. First, an auxiliary motorized
pinion 111 turns clockwise to drive the sliding
auxiliary rack 103 out from under the cab into the
position shown in Fig. 5 where it can engage an
auxiliary motorized pinion 112 on the platform 106
(not shown, behind the pinion 114), which is the limit
that the rack 103 can slide. Then, the auxiliary
motorized pinion 112 will turn clockwise pulling the
auxiliary rack 103 (which now is extended to its
1imit) and therefore the entire cab 101 to the right
as seen in Fig. 5 until such time as an end 113 of the
main rack 102 engages a main motorized pinion 114
which is located just in front of the auxiliary
motorized pinion 112 in Fig. 5. Then, the main
motorized pinion 114 will pull the entire cab 101
fully onto the platform 106 by means of the main rack
102, and as it does so, a spring causes the slidable

P

auxiliary rack 103 to retract under the cab 101. An
auxiliary motorized pinion 115 can assist in moving
the cab 101 to the right to a shuttle car frame, in
the same manner as described for the pinion 111. A
pinion behind the pinion 115 can pull a cab onto the



-5- frane in a manner suitable for use in the enbodi nents of Figs. 15 and
16. ' Fig. 18 is a fragnentary top plan view of the bogey and car frane
rails of Fig. 17. Figs. 19 and 20 are sinplified logic flow di agrans
of exenplary routines which may be used in controlling transfers in the
enbodi nents of Figs. 15- 18. Best Mode for Carrying Qut the Invention
Referring nowto Fig. 1, the horizontal and vertical transportation of
~passengers in accordance with an enbodi nent of the present invention
i ncludes transferring passenger cabs at a transport floor 26 between a
first group of vertical elevator shuttles L1-L4, a second group of
el evators Hl-H4, which may be shuttl es-op kocal elevators, and carriages
such as a

carriage 107 from the right. Similarly, an auxiliary

pinion 116 can assist in moving a cab from the car
frame 104 to the left as shown in Fig. 5, and a pinion
located behind pinion 116 can pull a cab onto car
frame 104 from the left (although the high elevators
in this embodiment will not do so).

To return a cab 101 from the platform 106 to the
platform 104, the auxiliary pinion 112 will operate
counterclockwise, causing the auxiliary rack 103 to
move outwardly to the left until its left end 120
engages the auxiliary pinion 111 on the frame 104.
Then, the auxiliary pinion 111 pulls the auxiliary
rack 103 and the entire cab 101 to the left until the
left end of the main rack 102 engages the main
motorized pinion (not shown) located in line with the
pinion 111 which then pulls the entire cab to the left
until it is fully on the frame 104.

The details respecting the motors 122, shafts
123, pillow blocks 124 and the like are all set forth
in the aforementioned application Serial No.
08/663,869. _

As shown in Figs. 5 and 6, frame 104 of the
carriage 107 supports the cab transfer mechanisms
which have just been described. Suspended beneath the
frame 104 is a LIM secondary 128 which consists of a
layer 129 of a conducting metal, such as aluminum,
backed by a layer 130 of magnetic material, such as
iron. The secondary is in the shape of a cross, such
that when the carriage is in the position indicated in
Fig. 3 by the dashed lines 88 and the dot dash lines
86, each of the primaries 61, 62, 64, 65 will have a
secondary adjacent to it. In this embodiment, the
secondary.extends to the extremes of the carriage 107
so that the secondary will just about reach the
primaries 60, 63, 66 and 68, as well. This ensures




carriage 28, which are noveable on horizontal tracks X1, X2. Sw tching
between the el evators and the tracks X1, X2 is acconplished in part by
novi ng of carriages on tracks Y1-Y4, which are transverse to the tracks X1
and X2. The tracks Y1-Y4 provide the capability to nove a cab from any one
of the elevators L1-L4 to either of the tracks X1-X2 or to any of the

el evators Hl-H4, and vice versa. |In accordance with one aspect of the
present invention, the transport floor 26 nay conprise an upper floor of a
hyper building. -On the other hand, the invention about to be described may
al so be practiced with horizontal transportation on tracks X3, X4 extending
on or near a ground |evel, -such as nmay ecgor-in or under a downtown
underground mall of a common variety, on a transport floor 27. The cabs may
be renoved fronchae thevhIMrwildl bendffigetP@eaevehecatvbbs theecfleador

unl oading and | 984L89. £85mb8 B £néPPhLE8LENEE] ! 81adls . 084REOKEPE.
LIM of the present invention can, through successive
energization of the correct segments 60-67, and
similar segments, with a suitable frequency to
determine speed and current to determine force, cause
acceleration, velocity and deceleration in a known
fashion as required to move the carriage around the
paths of the transfer floor 26. Thhs, the
transportation of the cab on the carriage occurs with
the carriage being totally passive. However, to
transfer a cab from an elevator car frame onto the
carriage, or from the carriage onto an elevator car
frame, the motors 122 must be energized appropriately.
Therefore, electrical connections must be made between
a carriage and a sill such as between a socket plug
assembly 127 on the carriage and a related socket plug
assembly 127a mounted in each of the sills (Fig. S5).
In fact, each carriage will have two socket/plug
assemblies 127, one on an edge as shown in Fig. 5, for
interconnection at the high elevator sills and one on
an edge as shown in Fig. 6 for interconnection with
the low shuttle sills.

In transporting the carriage between a shuttle
and a local elevator, the carriage motion controller,
which controls the LIM, may respond to a network of
proximity sensors (not shown) on the transfer floor,
or the carriages may be provided with rotary position
transducers operable distinctively in the X and Y
directions, and transfer the bit information thereof
to the controller in the building, either by a radio
type transmitter or through the wheel tracks or other
conductors on the floor by means of brushes. Or, the
position may be tracked by inductive response in the
LIM, or in any other suitable fashion. All of this is



- 6- The concept is further illustrated in Fig. 2 wherein a cab A 101
is shown being | oaded onto an elevator Hl at, for instance, the 60th floor
of a building, for transport, for instance, to the 120th floor of the
building. Simlarly, a cab B is being shown | oaded onto an el evator shuttle
L3 for vertical transportation to the ground |evel of the building. As
shown in Fig. 2, the tracks X1, X2 may be connected by crossovers 30, 31
whi ch thensel ves will conprise tracks of the sanme variety as the tracks X1
X2 and Y1 and Y4 of Fig. 1. The tracks Y1-Y4 are omtted fromFig. 2 for
simplicity. As one exanple of an enbodi nent of the present invention, the
carriage 107 and nechanismfor transferdiypyg 4 he cab 101 between the
carriage 107 and the car franme platform 104 of the parent application are
illustrated in figslevhrt to the Pafeenthgimmmntionignd dnay Be agment of the

transfer floor é%&éé%éﬁ“%@‘éﬁié'&%Q'Bf%éﬁ“%ﬁﬁihﬁéné§¥{bn thereof.

In Fig. 6, a pair of cab/carriage locks 131,
which may be the same as the locks'91, 92 are utilized
to ensure the cab is rigidly secure to the carriage
during motion of the carriage with the cab on it. The
locks, as described in the aforementioned application
Serial No. 08,565,658 are maintained in the locked
position by a spring, and electrical current in a
solenoid causes them to be unlocked. The current for
unlocking these locks will also be applied,
selectively, through the connectors 127, 128.

The methodology of the present invention
includes the fact that prior to the elevators reaching
the transport floors, carriages are called to the
elevators where they will be needed, as described
hereinafter. As described more fully hereinafter,
when the carriers are not in use, each will simply
remain locked in place at the hatchway of the elevator
where it has last delivered a cab to an elevator, or
be moved to a parking area.

Referring now to Fig. 7, the elevator system of
Fig. 1 is shown as having a track crossing 133 so that
whenever cabs arrive on the level 26 from the low
shuttles L1-L4 on the low track, L, and travel around
the transport floor 26, they will return to the
elevator area on the high elevatof track, H, so as to
be in a position to more readily utilize one of the
high shuttles H1-H4. This may support a bus mode of
operation in which the cab always travels around the

-transfer floor between use of the L and H shuttles
when going up or down. On the other hand, all of the
description of a control means for the embodiment of
Figs. 1, 2 and 7 is equally applicable without the
crossover 133. In fact, cabs can be moved from either



X1 with path Y1, adjacent the hatchway 56 of high el evator H4, between
wal | s 57, 58 which separate the hatchways. In the present invention, each
of the paths on the transfer floor X1, X2, Y1-Y4 includes segnments of

| i near induction nmotor (LIM primaries 60- 67 and pairs of wheel track
segnents such as, along the path Y4, track segnents 70-75 and al ong the X1
path, track segnents 76-83. In Fig. 3, the dotted lines 85 together with
the dot dash lines 86 describe the outline of the cab carrier 107 in
accordance with the invention when it is positioned adjacent to the high
el evator Hl, butted up against the sill 87 of the hatchway 56 between
inter-elevator wall structures 57, 58.-T® €lash [ines 88 together with the
dot dash lines 86 describe the outline of the carrier 107 when it has noved
away fromthe toack B} cHatoreitthen shykisle ilon Keincetthen Fig. phtorXl so

that it may trpyel 7. Fig. 7 also illustrates a passenger landing
134 in which passéngers traveling on the level 26 may
exit a passenger cab. Although only one landing 134
is illustrated in Fig. 7, it should be understood that
the invention contemplates many landings on the
horizontal portion of the horizontal and vertical
transportation system herein. '

In Fig. 7, the nomenclature has been changed for
simplicity in the descriptions which follow
hereinafter. Instead of X1 and X2, the tracks are
designated as H and L. A cab is designated G as it
approaches the transfer area between the elevators Ll-
L4 and the elevators H1-H4. A carriage which has |
recently had a passenger cab transferred from it into
one of the shuttles remains where it was, and is
desiénated in Fig. 7 as R. An extra carriage,
designated X, is parked out of the way of carriages
traveling on the tracks H, L, to be brought into use
when cabs are to be simultaneously exchanged between
one of the low elevators and one of the high
elevators, in the manner described in the parent
application, or whenever the R carriage has been
commandeered for travel on the transport floor.
Although only a single extra cab is shown, several
extra cabs may be provided in order to ensure there
will always be one available when needed. Whenever a
cab is to leave one of the elevators Ll-L4 or Hl-H4
for travel on the transport floor 26, only a single
empty carriage is required to receive the cab and
carry it away. This carriage will be the carriage
‘from a prior transfer onto a shuttle, designated R.
When a cab is being brought along one of the tracks H,
L toward the elevators it will be on a carriage
designated G. In the embodiment which follows, it is



-7- in the X direction. For clarity, the illustration of Fig. 3 is not
drawn to scale. However, it is clear that, if desired, the X path could be
closer to the elevators, such as elevator Hl, causing the tracks 70, 71 and
t he segnent 60 to be shorter than shown. However, it is believed best to
have sone length of LIMprimary 60 to assure adequate accel erati on power
for novenent of the carriage with a cab on it. The configuration details
are irrelevant to the invention and nay be selected to suit any

i npl enent ation thereof. In this enbodi nent, carriage/floor |ocks 91
92 are disposed in diagonally opposite quadrants within the area where a
carriage will come to rest. These may he ffhe. sane as the cab/car | ocks

discl osed in comonly owned U.S. patent application Serial No. 08/565, 658
filed on Novernagisuifea k3Rt gl elesartides aivaysheainmyaldalss, and In Fig.

f:l:as? e\r/\,hggl t ra?-xkevier{I etrrsaevcet]i. C\’er baer}&'\efo% L Sou71:O ’Caza?s 1116 ﬁ{an.?S I's shown. A
Therefore, before a cab riding on the carriage G can
be transferred into an elevator, the cab which has
arrived on that elevator must be carried away on the
carriage R to make room for the cab that is on the
carriage G, either to another elevator shuttle, or out
on the transport floor 26.

] In Fig. 8, a transfer floor control routine is
reached through an entry point 141 and a first test
142 determines if the system is already involved in
cab transfers, in which case it is designated as busy.
If the system is not busy, a negative result of test
142 will reach a series of routines 143-146 to see if
either a shuttle is arriving at the transport floor 26
or a carfiage is arriving at the transfer area for
transferring a cab into one of the shuttles. In the
qontrol scheme about to be described, shuttles are
generally given precedence over carriages because high
speed vertical transportation is more traumatic to
passengers than is the low speed horizontal
transportation depicted herein. Thus, if the routines
143, 144 do not determine that a shuttle is arriving,
then the routines 145, 146 will determine if a
carriage is arriving. ' '

In Fig. 9, a shuttle arrive L routine (related
to shuttles L1-L4) is reached through an entry point
149 and a first routine 150 determines the time to
transfer (TTT) (the estimated time remaining to reach
the transfer area) of each L shuttle, L1-L4. Then a
step 151 designates the TTT for a selected shuttle S
to be the least of the TTT’s determined in the routine
150, then a step 152 designates a selected shuttle, S,
as the shuttle having the least TTT provided in step
151. A test 153 determines if the TTT of the selected



I ncl udes ‘a bracket 94 that joins a pivot 95 to a spindle 96 which
constrains the bearings (not shown) of a wheel 97. The intersection is
formed to assure notion: should the carriage first be noved al ong an X
path, so that the caster 93 is in the position showmn in Fig. 4, and next be
required to nove along a Y path, the conbination of abutnents 98 and open
areas 99 in each intersection ensure that the caster can nove in the Y
direction, either along the track 70 or along the track 72. It should be
borne in mnd that the distances involved on the transfer floor are snal
(tens of neters overall), and the carriage speed is nost |likely preferably
quite slow so.that horizontal novenment _whpll —not jar the passengers unduly.
Under these conditions, passive steering of a caster can be

shuttle is below an arrival threshold, indicating that
the shuttle’s arrival is imminent and it must be
handled. If the shuttle is not that close, a negative
result of test 153 causes the carriage arrive H
routine 145 (Fig. 8) to be reached through a transfer
poiﬁt 154. But if the shuttle is close, an
affirmative result of test 153 causes a pair of steps
155 to set the busy flag (that used in test 142 of
Fig. 8) and to set the target position for the
remaining carriage, R, to the sill of the selected
shuttle, S. Then a pair of tests 156, 157 determine
if the selected shuttle has car calls for the high
shuttles H1-H4 or for the transport floor,.F (meaning
a requirement to deliver passengers somewhere on the
level F by means of horizontal transportation). The -
tests 156-157, in this embodiment, are arranged so
that if there are no car calls it is assumed that the
cab should pass from the low shuttles to the high
shuttles so a negative result of test 157 is the same
as an affirmative result of test 156. In either case,
an appropriate flag is set in a corresponding step
158, 159 and the program advances to an appropriate
routine to either transfer the cab to the high
elevators through a transfer point 160 or to transfer
a cab for horizontal transportation on the floor,
through a transfer point 161. The shuttle arrive H
routine 143 (Fig. 8) is essentially the same as that
described for the low elevators in Fig. 9, with
obvious changes.

In Fig. 10, the carriage arrive L routine 146 is
reached through an entry point 163 and a first test
164 determines if the position of a carriage, in
first in, first out storage (FIFO) related positions
of carriages on the L tréck, is greater than a
threshold, using a position convention which assumes



-8- acceptable. However, nore conplex steering may be provided within the
purvi ew of the invention. Referring nowto Fig. 5 and Fig. 6, the
best node for transferring a cab between elevator cars and carriers at the
transfer floor m ght be that disclosed in cormmonly owned U. S. patent
application Serial No. 08/663,569 filed on June 19, 1996. In Fig. 5, the
bottom of the elevator cab 101 has a fixed, main rack 102 extending from
front to back (right to left in Fig. 5), and a sliding rack 103 that can
slide outwardly to the right, ‘as shown in Fig. 5. There are a total of four
notori zed pinions on each platform 104 of the elevator car frame 105 and on
each platform 106 of each carrier 107. FLrgg,-an auxiliary notorized pinion
111 turns clockwi se to drive the sliding auxiliary rack 103 out from under
the cab into theppsitibanvaboes imfe@seSaMhsreari'iséé epgegesan auxiliary

Tiay which i RESAEAPeIPRHL SR S ALCH BERER. (PSR ) ABAD i T ary
nmot ori zed pi ni onbé¢omei haxivum at ok vand mm1||ng the position of the
closest car to the transfer area is not greater than
the threshold, then it is deemed that its appearance
at the threshold area is not imminent and the carriage
need not be dealt with. If the closest carriage on
the L track does not require immediate service, a
" negative result of test 164 causes other programming
to be reverted to through a return point 165. But if
the closest carriage is sufficiently close that its
need for transfer service is imminent, an affirmative
result of test 164 reaches a step 166 which identifies
a selected carriage, G, as the first carriage in the
track L position FIFO. And a test 167 sets the busy
flag to indicate that a transfer is about to take
place. Then a pair of tests 168, 169 determine if car
calls within the cab on carriage G include calls
involving the low shuttles or the high shuttles
respectively. If so, a corresponding flag will be set
in an appropriate step 170 or 171, and either the
carriage arriving on track L for an L shuttle routine
will be reached through a transfer point 172 or a
carriage arrival on the L track for an H shuttle
routine will be reached through a transfer point 173.
The convention on car calls on a cab traveling
horizontally on the level 26 (or similarly in other
levels) in this embodiment assumes that the first car
call registered will establish the destination for the
cab, which is then displayed to passengers so they can
choose to enter the cab or not. In that way, only car
calls for the low shuttles, or for a transport floor
27 which can be reached by the low shuttles or for the
high shuttles, or for the transport floor 26 on which
the cab is already traveling horizontally can be made.



auxiliary rack 103 (which nowis extended to its Iimt) and therefore the
entire cab 101 to the right as seen in Fig. 5 until such tine as an end 113
of the main rack 102 engages a main notorized pinion 114 which is | ocated
just in front of the auxiliary nmotorized pinion 112 in Fig. 5. Then, the
main nmotorized pinion 114 will pull the entire cab 101 fully onto the
-platform 106 by neans of the main rack 102, and as it does so, a spring
causes the slidable auxiliary rack 103 to retract under the cab 101. An
auxiliary notorized pinion 115 can assist in noving the cab 101 to the
right to a shuttle car frame, in the same manner as described for the
pi nion 111. A pinion behind the pinion116 €an pull a cab onto the

If both of tests 168 and 169 are negative, then either

a car call has been registered for the transport floor

or no car call has been registered. The protocol in

this embodiment is that a car which is not scheduled

to service a passenger in or through one of the

shuttles will simply go around on the transport floor.

Therefore, negative results of both tests 168 and 169

will reach a step 174 to set an appropriate flag, and

then reach the carriage arrive on track L for travel

on the floor (L/F) routine through a transfer point

175.

Referring once again to Fig. 8, should any of

the routines 143-146 determine that service is

required to handle a cab arriving on a carriage or a

shuttle, the busy flag will have been set so that in a

subsequent pass through the routine of Fig. 8, test

142 is affirmative. In each case, if desired, a

routine 178 may be utilized to determine if any

carriage is getting too close to the transfer area, -

other than the carriage designated as G, which will be

accommodated. If so, such carriages can be stopped.

The reason for this is to accommodate the fact that

shuttle transfers will take precedence over carriage

transfers. A series of tests 179-188 determine if any

flags of the type described hereinbefore with respect

to steps 158, 159 (Fig. 9) and 170, 171 and 174 (Fig.

10) have been set or not. If so, affirmative results

of any of the tests will cause the program to return t

one of the routines which needs to be performed, by

reaching an appropriate transfer point such as the

transfer points 160, 161 and 172 described in Figs. 9

and 10 hereinbefore, and additional similar transfer

points 191.

Assume that test 181 is affirmative; the program
will enter the shuttle arrive L/F routine in Fig. 11



-9- carriage 107 fromthe right. Simlarly, an auxiliary pinion 116 can
assist in noving a cab fromthe car frane 104 to the left as shown in Fig.
5, and a pinion | ocated behind pinion 116 can pull a cab onto car frane 104
fromthe left (although the high elevators in this enbodinent will not do

S0) . To return a cab 101 fromthe platform 106 to the pl atform 104,
the auxiliary pinion 112 wll operate counterclockw se, causing the
auxiliary rack 103 to nove outwardly to the left until its left end 120

engages the auxitiary pinion 111 on the frane 104. Then, the auxiliary
pinion 111 pulls the auxiliary rack 103 and the entire cab 101 to the |eft
until the left end of the main rack 102_epgages the main notorized pinion
(not shown) located in line with the pinion 111 which then pulls the entire

cab to the |eftthpbughl théSti:uhkreenpbhﬁtf nsms 1R4first tedBeidaetails
respecting the_ﬁn%ors 122, ﬁg ?ﬁts 1§§ g ?Ml Lock 1 4 ang %gg li,ke are
all set forth i ﬁﬁméPS?e 8nkl Bb Pc8 Sﬁ? 3 g §§9
As shown in Fi gche5f3dadr6(F)r dtbatOdsef transport floor 26, Fig. 7).
If not, it is not yet time to handle the cab which is
arriving on the selected shuttle, so a negative result
of test 194 causes other programming to be reverted to
through a return point 195. In the next pass through
the routine of Fig. 8, tests 142 and 181 will still be
affirmative, once again reaching the routine of Fig.
11. Eventually, the selected shuttle will reach the
floor so test 194 will be affirmative reaching a test
196 to see if the run condition of the selected
shuttle has ended or not. If not, other programming
is reached through the return point 195. But when the
selected shuttle is no longer in the run condition, an
affirmative result of test 196 reaches a test 197 to
see if the position of the remaining cab, R, is the
sill of the selected shuttle; if not, other
programming is reverted to, but if so, a series of
routines 198-202 are performed in order to lock the
shuttle and the carriage to the building with car
floor locks, unlock the cab car locks on the carriage
and on the elevatbr car frame of the shuttle, transfer
the cab from the shuttle to carriage R, lock the cab
with car locks on the shuttle R, and cause R-to run in
accordance with whatever car calls were established in
the cab. These routines are as set forth in the
parent application and in the aforesaid application
Serial No. 08/663,869, and are not repeated here. In
Fig. 11, the routines 198-202 are shown as including
paths to the return point 195. This permits other
programming to be performed while waiting for the
actual movement of car locks, the actual transfer of
the cab, and the like, rather than tying up the
brocessor for the 10 or 15 seconds required to perform



carriage 107 supports the cab transfer nmechani sns which have just been
descri bed. Suspended beneath the frame 104 is a LI M secondary 128 which
consists of a layer 129 of a conducting nmetal, such as alum num backed by
a layer 130 of magnetic material, such as iron. The secondary is in the
shape of a cross, such that when the carriage is in the position indicated
in Fig. 3 by the dashed Iines 88 and the dot dash |ines 86, each of the

primaries 61, 62, 64, 65 will have a secondary adjacent to it. In this
enbodi nent, the secondary extends to the extrenes of the carriage 107 so
that the secondary will just about reach the primaries 60, 63, 66 and 68,
as well. This ensures - 18 -

all these mechanical tasks. Then, a plurality of
sﬁeps 205 reset the shuttle arrive L/F flag, reset a
flag that will cause a carriage on the L track to be
held in place, as described hereinafter, redundantly
reset a flag that might have held carriage G in place
on the L or H track, (here, it was already reset) and
set R equal to X so that the extra carriage will be
the next carriage used in offloading a cab from one of
the shuttles. However, the extra carriage can remain
parked as shown in Fig. 7 until it is commanded to
move to one of the L sills or one of the H sills.

The routine of Fig. 11 may be called by the
routine of Fig. 13, as described hereinafter. If it
is, the routine of Fig. 13 will set a "2nd routine
flag" indicating that the routine of Fig. 11 was
called by some other routine. If that is the case, an
affirmative result of a test 206 will reach a step 208
that simply resets the second routine flag. On the
other hand, if the flag is not set, indicating that a
shuttle has instituted the process (rather than a
carriage) then the negative result of the test 206
will reach a step 207 which will'reset the busy flag
indicating to the transfer floor control routine of
Fig. 8 that it should once again look for the imminent
approach of a carriage or shuttle that will require
transferring a cab. And then, other programming is
reverted to through the return point 195.

Assume that the shuttle arrive L routine 144 of
Fig. 9 now determines that a shuttle is arriving on
the low elevators with a cab that must be transferred
to a high elevator. In such case, the busy flag will
be set in one of the steps 155 and the step 158 will
set the shuttle arrive L/F flag and cause the shuttle
arrive L/H routine of Fig. 12 to be reached through
the transfer point 160. A first test determines if a



- 10 - that the LIMw IIl be effective even across the dead spaces forned
by-the various wheel tracks. The X-Y LIMof the present invention can,

t hrough successi ve energi zation of the correct segnents 60-67, and simlar
segnents, with a suitable frequency to determ ne speed and current to
determ ne force, cause acceleration, velocity and deceleration in a known
fashion as required to nove the carriage around the paths of the transfer
fl oor 26. Thus, the transportation of the cab on the carriage occurs with
the carriage being totally passive. However, to transfer a cab from an

el evator car frame onto the carriage, or fromthe carriage onto an el evator
car frame, the notors 122 nust be energi zeflgappropriately. Therefore,

el ectrical connections nust be made between a carriage and a sill such as
bet ween a socket hpghgshattliel had’Been sétectedi Bgewosk withl ehedlswcket

| ug assenbly 12 t [ e_s] FiLg. . lp fact, each
Ear?iage w | | ha%§u€§§gsggﬁgﬁ?%?ﬁgqgégéﬁﬁ?ﬁgékéag,bgnsﬁ%ncg ‘edge as shown
in Fig. 5 for i|i&nécéaddEet ibnwillinethhaviep| soanonegativeandsudt of an

edge as shown ingkisf- 280f Peatbhbs’ §0RBRELAEN2 YA UnIER L1 SEEELERiAL! | S
the time to transfer (TTT) of each high shuttle 211,
so as to pick the high shuttle which will next be
available to exchange cabs with the arriving low
shuttle. A step 212 determines that the TTT of a
selected shuttle, T, is the least TTT determined in
the routine 211, a step 213 identifies the selected
high shuttle, T, as that shuttle having the least TTT.
A step 214 sets the target for the extra cab, t, to
the sill of the selected high shuttle, T; the target
position for the remaining cab R is set equal to the
position of the sill of the selected low shuttle which
is about to arrive, in a step 115, and a wait value,
indicative of the amount of time that one of the
shuttles will have to wait until the other shuttle
arrives is determined in a step 216. Then a pair of
tests 219, 220 determine respectively whether the low
shuttle S will have to wait for high shuttle T, or
whether the high shuttle T will have to wait for the
low shuttle S, by more than threshold amounts. In the
first instance, an affirmative result of test 219 will
reach a routine 221 to control the speed of the low
shuttle to slow it down so that the passengers will
not be retained in a non-moving cab for more than the
wait threshold period of time, which may be on the
order of 10 or 20 seconds. The speed routine 221, and
a similar routine 222 which may be used for the high
shuttle T if appropriate, may take the form described
'in commonly owned U.S. patent application 08/666,181
filed June 19, 1996. On the other hand, if not
desired in any embodiment of the invention, the steps
and routines 219-222 may be eliminated. In any case,



In transporting the carriage between a shuttle and a | ocal elevator, the
carriage notion controller, which controls the LIM may respond to a
network of proximty sensors (not shown) on the transfer floor, or the
carriages may be provided with rotary position transducers operable
distinctively in the X and Y directions, and transfer the bit information
thereof to the controller in the building, either by a radio type
transmitter or through the wheel tracks or other conductors on the floor by
means of brushes. O, the position nay be tracked by inductive response in
the LIM or in any other suitable fashion. Al of this is

- 20 -

if the difference in TTT of the two shuttles is less
than the threshold, then the routines 221, 222 will be
bypassed. And then, the S selected flag is set in a
step 222a. _

Arrival of the two shuttles is signaled by
results of a pair of tests 223, 224 being affirmative.
Then a pair of tests 225, 226 determine when both
shuttles are no longer in the run condition. Prior to
that, negative results of tests 223, 224 or
affirmative results of tests 225, 226 will cause other
programming to be reverted to through a return point
227. In each subsequent pass through the routine of
Fig. 12, the routine bypasses the selection process by
virtue of an affirmative result of the test 210. When
both shuttles are present and no longer running, a '
routine 228 may be performed to accomplish all the
locking and unlocking steps and movement required to-
exchange cabs, the cab on the low shuttle S being
placed onto the carriage R and the cab on the high
shuttle T being placed on the carriage X, and then
these cabs in turn being placed on the high shuttle T
and the low shuttle S, respectively. The routine 228
may be as described in several routines of the parent
application. The conclusion of such routines will
reach a series of steps 229-233 to reset shuttle
arrive L/H, since the job is complete, to reset any
hold which might be placed on carriage G, which may
have been applied as described hereinafter, to reset a
hold on carriages either on track L or track H, to set
the target for the extra cab to be its parking place
so as to move it out of the way. Then the second
routine flag is interrogated in a test 234; if
affirmative, it is reset in a step 236; if negative, a
step 235 will reset the busy flag so that the routine
of Fig. 8 can once again determine if the need for
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t her eof . In Fig. 6, a pair of cab/carriage |ocks 131
“which may be the sanme as the locks 91, 92 are utilized to ensure the cab is
rigidly secure to the carriage during notion of the carriage with the cab

ks, as described in the aforenentioned application Seri al

mai ntained in the | ocked position by a spring, and
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P kpst 179 is affirmative causing the program to
divert to the shuttle arrive L/H routine of Fig. 12
through the transfer point 160. That entire routine
will be performed, it independently reidentifying the
low shuttle S as being the closest one, and taking a
high shuttle with which it will work. Wwhen the cabs
of the two shuttles have been exchanged, because of
the second routine flag set in step 248 of Fig. 13,
the busy flag is not reset in step 235; instead, the
second routine flag is reset in step 236.

Then a subsequent pass through Fig. 8 will find
an affirmative result of test 142, a negative result
of test 179, being steered by an affirmative result of
test 183 through the transfer point 172 back to the
carriage L/L routine of Fig. 13. '

Although not shown in Fig. 12, the car calls
within the high shuttle may be examined, and if car
calls are for the transport floor 26, then when the
exchange cabs routines 228 are'performed, instead of
loading the cab from the high shuttle onto the low
shuttle, it can simply be sent on its way on the high
track. This is an obvious modification which is not
described further.

Assume now that the carriage arrive L routine
146 of Fig. 10 determines that a carriage is arriving
on the low track, L, with a cab having car calls
requiring the use of a low shuttle (that is, either at
the lobby or .at some lower horizontal transportation
landing such as on the transport floor 27). In such
case, step 170 in Fig. 10 will have set the carriage
arrive L/L flag and the carriage arrival routine of



the transport floor 26, they will return to the elevator area on the high
elrevator track, H so as to be in a position to nore readily utilize one of
the high shuttles Hl-H4. This nmay support a bus node of operation in which
the cab always travels around the transfer floor between use of the L and H
shuttl es when going up or down. On the other hand, all of the description
of a control neans for the enbodinent of Figs. 1, 2 and 7 is equally
applicable without the crossover 133. In fact, cabs can be noved from

ei t her - 12 -

- 22 -

Fig. 13 will be reached through the transfer point
172. In order to move a cab from a carriage to a
shuttle, in this embodiment, a shuttle must arrive at
the transfer floor 26, and its cab must be dealt with
prior to being able to receive a cab from the
approaching carriage. In Fig. 13, a first pair of
tests 237, 239_in§olve flags used to control
advancement through the routine of Fig. 13; these are
initially negative reaching a subroutine 240 to
determine the time to transfer (TTT) of each low
shuttle. This is to find the first shuttle that will
become available to take any cab from the approaching
carriage. A step 241 establishes the TTT of the
selected shuttle to be the least TTT determined in the
subroutine 240, a step 242 identifies the selected

- shuttle as that having the least TTT, and a step 243
sets the target for the R carriage to be equal to the
sill of the selected shuttle S. A test 244 determines

" 'if the selected shuttle has car calls for the high
shuttles or requiring transfer to the high shuttles
for a subsequent horizontal destination. If it does,
then that cab will have to be transferred to one of
the high shuttles which in turn may require transfer
to a high shuttle having a cab destined for the low
shuttle. In other words, it might be that the shuttle
selected in the steps 241-243 cannot handle the cab
now approaching on the selected carriage, G. If test
244 is affirmative, a step 245 will set shuttle arrive
L/H since this cab will have to be dealt with first.
Then a step 246 will set old carriage L and a step 247
will set hold G so as to put transfer from carriage G
on hold ending handling the cabs involved with the low
and high shuttles. Then a step 248 sets the 2nd
routine flag, and other programming is reached through
a return point 252. 1In a subsequent pass through Fig.



track L, Hto either shuttle L. Hin either Fig. 1 or Fig. 7. Fig. 7 also

I Flustrates a passenger |anding 134 in which passengers traveling on the

| evel 26 nmay exit a passenger cab. Although only one |anding 134 is
illustrated in Fig. 7, it should be understood that the invention

contenpl ates many | andi ngs on the horizontal portion of the horizontal and
vertical transportation system herein. In Fig. 7, the nonenclature
has been changed for sinplicity in the descriptions which foll ow
hereinafter. Instead of X1 and X2, the tracks are designated as Hand L. A
cab is designated G as it approaches the transfer area between the

el evators L1- L4 and the el evators Hl-H4.23Acarri age which has recently had
a passenger cab transferred fromit into one of the shuttles remains where
it was, and is aiesﬁe';'latm iis Rffirhastsive but d:dsmmmagffﬂmatgtwé ed X,

I s parked out r g 0 be
brought into use %%ﬁn caéga(r\s?tic?gb&e‘oscslg éér(]i;ous y excﬁ#ﬂ%&gfﬁ;’et one

of the |ow el efdagss fax shuttde @rrive /8 ang shuttle arxinadefL descri bed
in the parent a&@ Icﬁatatorthé)rsamem Bdteaﬁeca*dutqgﬁ_ mlb%ncé%mdeer ed

Shown, - sever al e GHR WP BeadR, (P PV 20 dndis &t Rer o
virtue of the arrangement of Fig. 8. Therefore, the
routine of Fig. 12 will be performed and the cab on
the low shuttle will be transferred. to the high
shuttle.

In Fig. 13, tests 237, 239 are negative, once
again reaching the routine, steps and tests 240-244 to
find a selected low shuttle, S, which does not have a
cab that must be transferred into the high shuttles.
Assuming this has happened, a negative result of test
244 reaches a step 253 to generate a wait value equal
to the difference between the TTT of the shuttle and
the TTT of the approaching carriage G, plus some
transfer time, Kt, which is required to remove the cab
from the approaching shuttle before the cab on
carriage G can be placed thereon. A test 254
determines if the wait value is greater than a
threshold. If it is not, step 255 sets the shuttle
arrive L/F, steps 256, 257 hold carriage L and
carriage G, step 258 sets the 2nd routine flag, and
step 259 sets an unload G flag. - In the next pass
through Fig. 8, test 142 is affirmative and test 181
is affirmative causing the program to revert to Fig.
11, without reaching test 183. Thus, the routine of
Fig. 11 is performed so as to cause the cab arriving
on the selected low shuttle S to be removed from the
shuttle and sent on its way on the carriage R, as
described with respect to Fig. 11 hereinbefore.

When the cab on the 16w shuttle has been placed
on a carriage and moved out on the L track, the test
206 in Fig. 12 causes the busy flag to not be reset



wi ||l always be one avail abl e when needed. \Wenever a cab is to | eave one
of the elevators L1-L4 or Hi-H4 for travel on the transport floor 26, only
a single enpty carriage is required to receive the cab and carry it away.
This carriage will be the carriage froma prior transfer onto a shuttle,
designated R Wien a cab is being brought along one of the tracks H, L
toward the elevators it will be on a carriage designated G In the

enbodi nent which follows, it is - 13
- assunmed that the elevators always carry cabs, and

- 24 .-

but rather the 2nd routine flag to be reset in a step
208, after which other programming is reverted to
through the return point 195. In the subsequent pass
through the routine of Fig. 8, test 142 is still
affirmative but this time test 181 is negative so that
test 183 is again reached causing the program to
revert to Fig. 13. However, since step 259 had set
the unload G flag, this time test 237 is affirmative
reaching a pair of steps 263, 264 to reset hold
carriage L and to reset hold G. Then a pair of tests
265, 266 determine if carriage G has reached sill S
and stopped running; until that is the case, other
programming is reached through the return point 252.
When carriage G is stopped at sill S, a negative
result of test 266 will reach a series of subroutines
267-271 to lock the carriage to the floor, unlock the
cab car locks on the carriage G, and transfer the cab
from carriage G onto the eﬁpty shuttle S; lock the car
locks of the shuttle S, unlock the car floor locks of
shuttle S and cause S to run. 2All these routines are
of the type disclosed in the aforementioned copending
applications.

When shuttle S has left with a cab, a series of
steps 272-275 reset carriage arrive L/L, identify the
remaining carriage R as being carriage G (which is
standing at sill S empty) reset the busy flag and
reset the unload G flag :

Thus, the routines of Figs. 8-13 (and other
similar routines identified on Fig. 8) allow vertical
and horizontal transportation, with the exchange of
cabs at the interface between the horizontal and
vertical transportation, without in any way
interfering with the needs for orderly flow of
passenger cabs in the elevator portion of the system.



never travel up and down w thout cabs in them Therefore, before a cab
riding on the carriage G can be transferred into an el evator, the cab which
has arrived on that el evator nust be carried away on the carriage R to nake
roomfor the cab that is on the carriage G either to another el evator
shuttle, or out on the transport floor 26. In Fig. 8, a transfer
floor control routine is reached through an entry point 141 and a first
test 142 determines if the systemis already involved in cab transfers, in
which case it is designated as busy. If the systemis not busy, a negative
result of test 142 will reach a series of routines 143-146 to see if either
a shuttle is arriving at the transport flogsg 26 or a carriage is arriving
at the transfer area for transferring a cab into one of the shuttles. In

t he ant rol schene abouiefébhbﬁujiet&ﬁ_rﬂﬁ??ﬁ,m}c}mﬁé qs::aaclﬁteugermt athe gi ven
precedence over carriages, because hi speed, vertjcal_t S | |
nore traumatic tPTRRSThgHER 1 ﬂi%%gl%ﬁ&%ﬁjeid‘;h%?i gnt%%éﬁé@g of
Ei ransportati on dethetmpairdmt capplikiation fas itesexiberdt harvginhefoxe, nean
etermne that a Eﬂg;t ' YA | 14 4
determine if a carri agéegsliéf%rat% \#f#&ié&?r{q#ﬁ?é Séjﬁégféa S tl%'l e6%¥\&r'i ve L
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from.a shuttle onto a carriage in the transfer area of
the transport floor 26a be moved out of the way such
as to a position 278 while another carriage, such as
ohe in the parked position 279, can be brought in to
move a cab from another shuttle to the shuttle which
was just rendered empty. This is basically simpler
than the routines described in Figs. 8-13, except for
the additional moving step.

To. transfer the cab from a car frame to a
carriage, the embodiments of the invention described
hereinbefore utilize lateral cab motion; that is,
motion which is perpendicular to the direction of
carriage movement. The invention may also be
practiced in embodiments in which the cab is
transferred between a carriage and a car frame
longitudinally; that is, in the same direction as
motion of the carriage. Fig. 15 illustrates a
horizontal/vertical transportation system, which may
obtain at an upper level of a hypertall building.
Therein, a plurality of building sections 281-283 may
surround a park-like area 284 beneath which horizontal
transportation tracks 285 allow a cab 286 to transfer
passengers horizontally, and allow them to get on and
off, such as at a call lahding 287. The tracks 285
are also in communication with an elevator 288 so that
passengers can travel between the various floors of
‘the buildings 281, 282 and the park-like area 284 and
other areas on tbat lgvel, in the same cab, such as
cab 286. In this instance, the cab 286 will be
transferred longitudinally from a bogey on the tracks



149 and a first routine 150 determnes the tinme to transfer (TTT) (the
estimated tine remaining to reach the transfer area) of each L shuttle,
L1-L4. Then a step 151 designates the TTT for a selected shuttle S to be
the least of the TTT's determned in the routine 150, then a step 152
designates a selected shuttle, S, as the shuttle having the least TTT
provided in step 151. A test 153 determines if the TTT of the sel ected

- 14 - shuttle is below an arrival threshold, indicating that the
shuttle's arrival is iminent and it nust be

285 into an elevator car frame within the hoistway of
the elevator 288.

Fig. 16 shows another situation in which
longitudinally transferred elevator cabs may be
utilized. In Fig. 16, there are a plurality of levels
290-293 in a first structure 294 which is served by a
pair of elevators 295, 296. The structure 294 may be
connected by horizontal tracks 299, 300 to a totally
different structure 301 located some distance from the
structure 294. The structure 301 may also include
elevators such as an elevator 302 into which cabs may
be transferred for vertical transportation. In Fig.
16, the elevators 295, 296 are depicted as being
employed in a scheme in which cabs will be moved
upwardly to a desired floor in the elevator 295 and
carried downwardly from level 291 in elevator 296.
However, other schemes may be employed, that shown
being exemplary merely. As shown on the level 291,
the cabs may stop at a plurality of landings 305 any
one of which may be identified for an intended stop by
pressing a car call button in the corresponding cab or
a hall call button at the stop. Should a cab be
loaded on the elevator 295 with a car call for a level
such as 292 or 293, the elevator 295 can raise the cab
to that level before transferring it to a bogey on
that level. Similarly, one or more cabs may be run in
a bus mode in which each cab travels -around each level
and then goes to the next level and travels around it.
The mode of oberation in the various horizontal
levels, and therefore the nature of exchanges between
the elevators are irrelevant to the invention, there
being an unlimited number of ways in which vertical
and horizontal transportation can be combined.

Horizontal and vertical transportation of the
present invention may be achieved utilizing

e



handl ed. If the shuttle is not that close, a negative result of test 153
causes the carriage arrive Hroutine 145 (Fig. 8) to be reached through a
transfer point 154. But if the shuttle is close, an affirmative result of
test 153 causes a pair of steps 155 to set the busy flag (that used in test
142 of Fig. 8) and to set the target position for the remaining carriage,

R, to the sill of the selected shuttle, S. Then a pair of tests 156, 157
determne if the selected shuttle has car calls for the high shuttles Hl-H4
or for the transport floor, F (meaning a requirenent to deliver passengers
sonmewhere on the |level F by neans of horizontal transportation). The tests
156-157, in this enbodi nent, are arranged 59 that if there are no car calls
it is assumed that the cab shoul d pass frofi’the | ow shuttles to the hi gh

shuttles so a ne gﬁb!éuafﬁ htephnkeslk d27tha t esﬁﬂﬁuééréﬁe&fﬁkﬁgﬁiyve

result of test 1 [ n e|t er case, ro ri Is set I1n a
correspondi ng stip §igs.135 and ife gﬂoﬁr ﬁP§G§aWBé§ht Safudb¥r 8pLi at e

routine to eithefoktRNghea EBAMEANR tewhaa,hcebeﬁhsngtors.tbaeaﬁh a transfer
port 160 or {0 LEBISLEL. 3 CBR 21 YR FRELEL L MABRLLSKd SRR 0T
essential |l y t he sibedasohbempdeaneousllyf herewithow Theviongitudifag. 9
with transfer described therein is illustrated briefly in

Figs. 17 and 18.

Referring now to Fig. 17, a cab 313 includes a
passenger compartment 314 and a carriage 315. The
carriage 315 has wheels 316-319 disposed on brackets
320, 321 attached to a frame 322. The reverse side of
the carriage 315 has four similar;y-positioned wheels.

The wheels 316, 317 are shown being supported by
a rail 326 disposed on a platform 327 of a bogey 328
which in turn can move along tracks 329 on wheels 330,
331 which are disposed to the platform 327 by journals
332, 333. The reverse side of the bogey 328 has
additional wheels whlch ride on a track (not shown).
The tracks 329 are disposed to the building structure
336.

The wheels 318, 319 are shown being supported by
a rail 340 supported on a platform 342 of an elevator
car frame 343, which includes stiles 344 and braces

' 345 of a conventional sort. The car frame 343 is
disposed in a hoistway 345 for vertical motion, such
as by means of a typical elevator traction machine
connected to the car frame and a counterweight by
roping, or by means of any other suitable motor. The
nature of the elevator with which the invention is
used is irrelevant to the invention. Another bogey
346 may similarly be moveable on other tracks
supported in the building, and is not described
further.

In the aforementioned application Serial No.
(Attorney Docket No. 0T-2963), the bogeys 328, 346



obvi ous changes. In Fig. 10, the carriage arrive L routine 146 is
reached through an entry point 163 and a first test 164 deternines if the
position of a carriage, in first in, first out storage (FIFO related
positions of carriages on the L track, is greater than a threshold, using a
position conventi on which assunes. position val ues increase
as a carriage travels counterclockw se around the L track (Fig. 7) and
become maximumat L4 and H4. If the position of the closest car to the
transfer area is not greater than

- 28 =

each have linear motor primaries disposed thereon and
the carriage 315 beneath the cab 313 has linear motor
secondaries extending throughout its length (from
right to left as seen in Fig. 17). Linear
displacement transducers are utilized to control the
operation of the linear motors so as to move the cab
313 from a bogey 328 into a car frame 343, or vice
versa.

Referring to Fig. 18, the rail 340 is scarfed on
the outside, so as to provide a half-lap temporary
joint as illustrated with the rail 326. In Fig. 18, a
minimal overlap 348 of the rails 326, 340 is
illustrated, which may be on the order of one inch
(two and one-half centimeters), which is adequate; but
a two or three inch (five-seven centimeter) overlap
may be used. The bogey 328 may have a buffer (not
shown) to absolutely arrest its motion without any
interference between the rails 326 and the rails 340.

The spacing of the wheels 316 and 317 as well as
318 and 319, and the spacing of other pairs of wheels
on the reverse side of the carriage 315, is
sufficiently great so that either one wheel 316, 318
or the other 317, 319 is supported by a full section
of rail 349, 350 at all times. Similarly, guide
rollers (not shown) are sufficiently spaced so that
one roller or the other of each pair is on the flat
inside edge 351,352 of the rails 326, 340 at all
times. Therefore, the combination of scarfing of the
rails and spacing of the wheels and rollers provides a
smooth ride. Smoothness and quietness are also
enhanced by various tapers provided at the ends of the
rails.

In the embodiment of Figs. 1-14, the operation
is controlled in a manner that supports the needs of
the relatively tall shuttles to rapidly and reliably



the threshold, then it is deenmed that its appearance at the threshold area
Is*not immnent and the carriage need not be dealt with. If the cl osest
carriage on the L track does not require i medi ate service, a negative
result of test 164 causes other progranmng to be reverted to through a
return point 165. But if the closest carriage. is sufficiently close that
Its need for transfer service is immnent, an affirmative result of test
164 reaches a step 166 which identifies a selected carriage, G as the
first carriage in the track L position FIFO. And a test 167 sets the busy
flag to indicate that a transfer is about to take place. Then a pair of
tests 168, 169 determne if car calls w &hgg +he cab on carriage G incl ude
calls involving the | ow shuttles or the high shuttles respectively. If so,
a correspondi ng delévnrlthberspassangarapprprlﬁhe embpdiﬁen&rof7rlgsnd

elther the cartigagei9l byl Bd BBekhBEd in' &' a2PrerSHH! hhfnkey! tRCWHih DC

reached through a transfer §0|nt a.carrrLage arriva
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following description, the elevator and its car frame
is referred to as the shuttle and the carriage is
referred to as the bogey. '

Referring to Fig. 19, a routine for transferring
a cab from a bogey to a shuttle is reached through an
entry point 358 and a first step 359 sets an S counter
to zero. This is part of a scheme which, for each
shuttle, determines if there is a nearby bogey that
requires elevator service. Thus, the routine steps
through each of the shuttles, and for each shuttle
steps through all of the levels (herein referred to as
floors, F) to determine if there is a bogey near the
shuttle which needs service. A step 360 increments
the S counter and then a test 361 determines if the
particular shuttle being identified by the S counter
is busy or not, in a manner described hereinafter. If
the particular shuttle is busy, according to the test
361, this means that it has identified a bogey that
needs service on one of the floors. Otherwise, it has
not yet selected a bogey to service and a negative
result of test 361 will reach a step 362 to set a
floor counter, F, to zero. Then the floor counter is
incremented in a step 363 to point to the first floor
level of the building. A test 364 determines if the
first bogey in a first in first out (FIFO) storage of
‘bogey positions for floor F has a position which is
greater than some threshold position value, indicative
of the fact that it is approaching a shuttle where it
may request to be moved from one floor level to



choose to enter the cab or not. In that way, only car calls for the | ow
shuttles, or for a transport floor 27 which can be reached by the | ow
shuttles or for the high shuttles, or for the transport floor 26 on . which
the cab is already traveling horizontally can be nade. | f
both of tests 168 and 169 are negative, then either a car call has been
regi stered for the transport floor or no car call has been registered. The
protocol in this enbodinment is that a car which is not scheduled to service
a passenger in or through one of the shuttles will sinply go around on the
transport fl oor.
- 30 -

another. If there is no such bogey on floor F, a

negative result of test 364 reaches a test 365 to see

if all of the four floors have been tested or not. If

not, the routine reverts to the step 363 where the F

counter is incremented and the test 364 again

determines whether or not there is a bogey close to

the shuttle. If there is, an affirmative result of

test 364 will reach a step 366 to identify a selected

bogey of the selected shuttle, B(S), as the first

bogey in the position FIFO for floor F. Then a test

367 may determine whether there are any car calls on

the selected bogey for a floor that is different from

floor F. If not, the bogey needs no elevator service

and a negative result of test 367 will pass through

the test 365 and will revert to the step 363 unless

all of the floors have been tested. Of course, if a

bogey which is approaching an elevator has car calls

on the same floor that it is on, turning or switching

arrangements, not illustrated in Figs. 15 and 16, need

be provided to allow that bogey to continue to

circulate on the same floor. -

Assuming that the selected bogey has a car call
on the floor other than its current floor, an
affirmative result of test 367 will reach a sep 368 to
identify the floor vhere S is to pick up the bogey as
F(S). A step 369 sets the target floor for the
selected shuttle to floor F so that the selected
shuttle can go to floor F to pick up the cab from the
selected bogey. A step 370 will set the busy S flag
meaning this shuttle is busy (though others need not
be), and a step 371 will set the selected shuttle, S,
into the run condition. A test 373 then determines if
the shuttle S has reached floor F; unless it is
already located on that floor, initially it will not,
so a negative result of test 373 will reach a test 374



Therefore, negative results of both tests 168 and 169 will reach a step 174
to set an appropriate flag, and then reach the carriage arrive on track L
for travel on the floor (L/F) routine through a transfer point 175.
Referring once again to Fig. 8, should any of the routines 143-146
determ ne that service is required to handle a cab arriving on a carriage
or a shuttle, the busy flag will have been set so that in a subsequent pass
through the routine of Fig. 8, test 142 is affirmative. In each case, if
desired, a routine 178 may be utilized to determne if any carriage is
getting too close to the transfer area, other than the carriage designated
as G which will be accommpbdated. If sos 3uchk carriages can be stopped. The
reason for this is to acconmodate the fact that shuttle transfers will take
precedence overtocadetexrine aiffthe. shuttlei pseséntlytbeing-d@dsideredi ne if

(o o) and 176° Y88 BEFELOGmELred ERatardy . (SRPERS opslgps 426, 159
affirmati ve rest@ts dfnegative iresulEiaf festc3técwihd erusetheo return t

one of the fOUtﬁﬂ@?r&ﬂiﬁﬁlfEﬁéEttﬁbetéﬁrioﬁ”ﬁﬁerQYtﬁéaShéGQnaéraQQVOpriate
transfer point such as the transfer points 160, 161 and 172 described in

Figs. 9 and 10 HRFESPERE¥M e, and additional simlar transfer
For the next value of S, the selected shuttle

may be busy or it may not; therefore, a process of
determining if there is a bogey in the vicinity of
this shuttle, which will need help in moving a cab
vertically, will be repeated for this shuttle. On the
other hand, this shuttle may be well along in the
process (as described hereinafter), so if it is busy,
an affirmative result of test 361 will cause the
program to pass through a routine (or series of
routines) 377 which may check the position of each
bogey to ensure that none are too close to any
structure for safety sake and stop such bogey. Then
the test 373 is reached to determine if the presently
designated shuttle is at its presently designated
floor, F(S). If it is, then a test 374 determines if
the selected shuttle is in the run condition. If so,
test 374 is reverted to; but if not, then a test 375
determines if the position of the bogey identified in
step 366 for this shuttle is in a preload position on
the indicated floor, F(S). If it is not as yet, then
another shuttle is dealt with, in the meantime, by
passing through the test 374. Of course if this is
the highest shuttle (N) in the system, then an
affirmative result of test 374 could cause other
programming to be reverted to through a return point
376.

In a subsequent pass through the routine of Fig.
19, for some shuttle working with a selected bogey on
a selected floor, the bogey will be at the preload
position on that floor for that shuttle. Aan '



poi nts 191. Assune that test 181.is affirmative; the programwl |
enter the shuttle arrive L/F routine in Fig. 11

- 17 - through the transfer point 161. A first test 194 determnes if the
position of the selected shuttle is the floor (F) (that is, transport floor
26, Fig. 7). If not, it is not yet tinme to handle the cab which is arriving
on the selected shuttle, so a negative result of test 194 causes other
programmng to be reverted to through a return point 195. In the next pass
t hr ough

- 32 -

affirmative result of test 375 will reach a step 379
to induce creep in the selected bogey, so that the
selected bogey will slowly crawl into an overlap
position indicated in Figs. 17 and 18 whereby the cab
can be rolled from the bogey into the shuttle. Then a
test 380 determines if the current position of the
selected bogey is the load position (that is the
position shown in Figs. 17 and 18). If not, the next
shuttle in turn is dealt with through the test 374.
But if so, an affirmative result of test 380 reaches a
series of subroutines 381-386 which will first lock
the car floor locks of the bogey and the car frame of
the shuttle, and then unlock the cab car locks of the
selected bogey so as to release the cab and unlock the
cab car locks on the car frame so as to permit the cag
to enter the car frame without interference. A
subroutine 383 will cause transfer of the cab between
the selected bogey and the shuttle, a subroutine 384
will lock the cab car locks on the car frame of the -
shuttle, a subroutine 385 will release the car floor
locks of the shuttle car frame and a subroutine 386
will put the shuttle into the run condition. Then,
the next shuttle in turn is dealt with through the
test 374. The subroutines 381-386 are depicted as
having exit points to the test 374 so that during the
time that mechanical operations are being waited for,
the programming is not held up. By keeping track of
each bogey ;n each floor separately, the processing
for one shuttle can be interleaved with the processing
of another shuttie, as described.

Referring to Fig. 20, a routine for transferring
a cab from a shuttle to a bogey is reached through an
entry point 390 and a first step 391 sets an S counter
to zero. This is similar to the S counter set to zero
in step 359 of Fig. 19. Then a step 392 increments



the routine of Fig. 8, tests 142 and 181 will still be affirmative, once
again reaching the routine of Fig. 11. Eventually, the selected shuttle
will reach the floor so test 194 will be affirmative reaching a test 196 to
see if the run condition of the selected shuttle has ended or not. If not,
ot her progranm ng is reached through the return point 195. But when the

sel ected shuttle is no longer in the run condition, an affirmative result
of test 196 reaches a test 197 to see if the position of the renaining cab,
R, is the sill of the selected shuttle; if not, other programmng is
reverted to, but if so, a series of routines 198-202 are performed in order
to lock the shuttle and the carriage =038he building with car floor | ocks,
unl ock the cab car |l ocks on the carriage and on the el evator car franme of
the shuttle, thenSfeounfercand aokesite393udeterminesr dfaghere liscla t he cab

with car |00kéaB“othh§h%Ehb%t@d %Bﬁt%&!ﬁe BftﬁoEU”thQ ghattdangg W th

what ever car calls E established. in th hese routlnes are as set

forth in the PEPeft ¥ '|&QtFﬁﬁnan&hFﬁuﬁﬁeaaFGF§s§P§'apﬁfl &heren iserial No.
08/ 663, 869, aadcabg aotestpesucdetermines Ergthéi-e isear mtguye&tl% 202 are

o 00r amni ng.  SiBa L3Iy ST e, ARt s AeRFoRsreh by, th3. B RRER R of car
| ocks, the aconather arget &floor of the shuttle, F(s), as
' established in step 369 of Fig. 19. 1If not, a
negative result of test 394 reaches a step 395 to set
the target for an extra shuttle on the selected floor
to the sill at the selected shuttle and floor. And
then the next shuttle in turn may be dealt with.

- In each pass through the routine of Fig. 20, any
shuttle which has a cab will proceed through test 393
and 394 and when eventually there is a bogey at its
sill on the target floor, then an affirmative result
of test 394 will reach a subroutine 397 to lock the
car floor locks of the bogey at the sill of the
designated shuttle on the target floor and to lock the
car floor locks of the shuttle. Then a subroutine 398
will cause the cab/car locks of both the car frame of
shuttle S and the bogey at the sill thereof to become
unlocked. A transfer subroutine 399 will move the cab
from shuttle S to the bogey at the sill of shuttle S
on the target floor. Then a subroutine 400 will lock
the cab car locks on the bogey at the sill of the
selected shuttle on the target floor, a step 401 will
set the bogey into the run condition, to allow it to
proceed to a landing indicated by a car call
registered in the cab. A step 402 will reset the busy
flag for shuttle S; this means that the shuttle can
now be used to move some other cab. And then the test
396 determines if each shuttle in turn has been
handled, or not, and if so, other programming is
reverted to through a return point 403. The lock and
transfer routines may be of the type described in the




the cab, and the like, rather than tying up the processor for the 10 or 15
seconds required to perform- all these nechanical tasks.
Then, a plurality of steps 205 reset the shuttle arrive L/F flag, reset a
flag that will cause a carriage on the L track to be held in place, as
descri bed hereinafter, redundantly reset a flag that m ght have held
carriage Gin place on the L or Htrack, (here, it was already reset) and
set Requal to X so that the extra carriage will be the next carriage used
in offloading a cab from one of

parent application and in the aforementioned
application Serial No. 08/663,869.

All of the aforementioned patent applications
are incorporated herein by reference.

Thus, although the invention has been shown and
described with respect to exemplary embodiments
thereof, it should be understood by those skilled in
the art that the foregoing and various other changes,
omissions and additions may be made therein and
thereto, without departing from the spirit and scope
of the invention.

We claim:

[rHis SHEET HAS BEEN
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This Sheet Has Been R
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the shuttles. However, the extra carriage can renmain parked as shown in

Fig. 7 until it is conmanded to nove to one of the L sills or one of the H
sills. The routine of Fig. 11 nmay be called by the routine of Fig.
13, as described hereinafter. |If it is, the routine of Fig. 13 will set a

"2nd routine flag" indicating that the routine of Fig. 11 was called by
sone other routine. If that is the case, an affirmative result of a test

206 wi |l reacg_ghglg%_29§_LhaL_sanly resets the second routine flag. On

the other hand;—if the flag'is not set, indicating that a shuttle has

instituted the ‘HNQNK““mBan a carr gel then the negative result of

the test 206 w W[‘“ﬁgﬂ“ 7 which w reset the busy flag

i ndi cating to the transfe? fioor control qu&hge of Fig. 8 that it should
a

once again | ook for the inmm nent approach 0 carriage or shuttle that
will require transferring a cab. And then, other programmng is reverted to

through the return poing 195. A metho@S&¢MRokinly PEQS&HQ&EE?h@Hﬁé@% la
routi ne 144 of Fi

. 9. now.deternines that, a shutile js,arfiying on the | ow
elevators with a géEthRP ange 2 FEFONG; PO owglﬁbgﬁseL8¥§tor. In such
case, the busy flsgruikchlly astd hordzenthlllyereimope fhbmasdidh€ivristp 158

wll set the shut rri B g and cause the shuttle arrive L/H
routi ne of Fig. 1§B?8%6eb¥§gkﬁgék fir ough '

moving passengers in a passenger cab on a
carriagé horizontally from said first point to a point
adjacent to an elevator;

transferring said cab from said carriage onto a
car frame of said elevator; and

moving said cab on said elevator car frame
vertically to the same vertical level as said second
point.

2. A method according to claim 1 wherein said
second point is horizontally remote from said
elevator, said method further comprising:

transferring said cab from said elevator car
frame to a second carriage disposed at the level of
said second point; and

moving said cab on said second carriage
horizontally from said elevator to said second point.

3. A method according to claim 1 wherein said
cab is transferred from said carriage to said car
frame with motion which is in the same direction as
the motion of said carriage to said elevator.

4. A method according to claim 1 wherein said
cab is transferred from said carriage to said car
frame with motion which is transverse to the motion of
said carriage to said elevator.



the transfer point 160. Afirst test determnes if a
+ 19 - high shuttle has been selected to work with the |low shuttle for the

requi red novenent of the cab. Initially, it will not have, so a negative
result of test 210 reaches a routine 211 which mﬁt%bgngLniﬂe’rﬁE’?rﬁe to
transfer (TTT) of each high shuttle 211, so as to-pick the hj tle
which will next be avail able to exchange cabs with {¥ m‘\mm\m
shuttle. A step 212 determnes that the TTT of a se\\m \ se, *T, is
the least TTT determined in « ¢

- 36 -

5. A method of moving passengers between a
first passenger landing at a first point on a first
transport floor and a second passenger landing at a
second point on a second transfer floor, which
comprises:

moving a passenger cab on a first carriage to .
said first point on said first floor;

then loading a passenger into said cab at said
first point;

then moving said cab on said first carriage
horizontally on said first transport floor to a third
point on said first transport floor, said third point
being adjacent to the hatchway of an elevator;

then transferring said cab from said first
carriage onto a car frame of said elevator;

then moving said cab on said car frame
vertically from said first transport floor to said
second transport floor;

then transferring said cab from said elevator -
car frame to a second carriage which is adjacent to
said elevator on said second transport floor; and

then moving said cab on said second carriage
horizontally on said second transport floor from said
elevator to said second point.

6. A method of moving a passenger from a
first point on a first transfer floor at a first level
of a first building to a second point on a second
transfer floor at a second level of a second building,
comprising:

providing a passenger cab on a horizontally
moveable first carriage at said first point;

allowing a passenger to board said cab at said
first point;



the routine 211, a step 213 identifies the selected high shuttle, T, as
that shuttle having the least TTT. A step 214 sets_the target for the extra

cab, t, to the sill of the selected high shuttle, T; the target position
for the remaining cab Ris set equal to the pOSitI Jol ﬂ”ﬂmﬁu t he
sel ected | ow shuttle which is about to arrive, in wai t
val ue, indicative of the amount of tine that one of the sthutfled Wil have

to wait until the other shuttle arrives is determned in a step 216. Then a
pair of tests 219, 220 determ ne respectively whether the |ow shuttle S
will have to wait for high shuttle T, or whether the high shuttle T will
have to wait for the |low shuttle S, by nmor¥?tsan threshold amounts. In the
first instance, an affirmative result of test 219 will reach a routine 221
to control the speed diranapexfingsaid ¢ap npaid Kikskcareiagee

passengers wil | Mlﬂﬁlﬁﬁ%%ﬂé&@ S04 "Btk ﬁ@ﬁmﬁ CHndrﬂH hit@wdye wait
t hreshol d peri od of U %-be on_t he order 10 or 20 seconds.

The speed routi rf® Baid efr?tf%?: steNe r°¢cR|t$+Tes ZZ%IWW rﬁ%}atb LXLRAF or the

hi ghdshut tle T lﬂetammrgaﬁ eEifS/i;/ 1akel td;mli faértmrmCrekal of mrﬁnl y ]
owned U.S. pate 08/ 666, 181 filed June 19, 1996. On the other
hand, if not desr#%rgs&‘o é]u"'g];]d od| ment of the invention, the steps and

routi nes 219-222 may Uaramsmmrm.saidecgbcﬁm said first carriage
onto a first car frame of said first elevator;

moving said cab vertically on said first car
frame from said first level of said building to said
third level of said first building;

transferring said cab from said car frame of
said first elevator to a second carriage disposed
adjacent said first elevator on said third level;
_ moving said second carriage horizontally on said
third level from said first building to said second
building to a point adjacent to a hatchway of a second
elevator which extends between said third level of
said second building and said second level;

transferring said cab from said second carriage
onto a second car frame of said second elevator;

moving said cab vertically on said second car
frame from said third level of said second building to
said second level;

transferring said passenger cab from said second
car frame onto a third carriage disposed on said
second level adjacent to said second elevator; and

moving said cab horizontally on said third
carriage along said second level from said second
'elevator to said. second point.

7. A method of moving passengers between any
of a plurality of first passenger landings on a first
transport floor to selected ones of a plurality of
second passenger landings on a second transport floor
vertically remote from said first transport floor or a



- 20 - if the difference in TTT of the two shuttles is |l ess than the
.threshold, then the routines 221, 222 wll be bypassed. And then, the S
selected flag is set in a step 222a. - Arrival of the two shuttles is
signaled by results of a pair of tests 223, 224 being afffrmativer—Tthen a
pair of tests 225, 226 determ ne when both shuttle t he
run condition. Prior to that, negative results of aguﬁ"ﬂﬁ’ lﬂﬂi"mr

re L [} S *

affirmative results of tests 225, 226 will cause ot

- 38 =

plurality of third passenger landings on a third
transport floor vertically remote from said first
transport floor and vertically remote from said second
transport floor, comprising:

moving a passenger cab on a first carriage
horizontally past said plurality of first landings on
said first transport floor;

stopping the carriage to allow passengers to
enter the cab in response to a request therefor
registered at any of said first landings;

moving said cab on said first carriage
horizontally to a first elevator which extends between
all of said floors;

transferring said passenger cab from said first
carriage to a car frame in said elevator; -

moving said cab vertically on said elevator car
frame to a selected floor in the building, said
selected floor being either said second transport
floor or said third transport floor depending upon the
registration in said cab of a request for service on
said selected floor;

moving said cab from said elevator car frame
onto a second carriage on said selected floor; and

moving said cab horizontally on said second
carriage to a passenger landing indicated by said
request for service.

8. A method of moving passengers between any
of a plurality of first passenger landings on a first
transport floor to selected ones of a plurality of
second passenger landings on a second transport floor
vertically remote from said first transport floor or a
plurality of third passenger landings on a third
transport floor vertically remote from said first



programming to be reverted to through a return point 227. In each
subsequent pass through the routine of Fig. 12, the routfine bypasses—the

sel ection process by virtue of an affirmative result When
both shuttles are present and no | onger running, arH“’"LﬂﬂHﬂ’fMUme
performed to acconplish all the |ocking and unl ocki ng*steps am nt
requi red to exchange cabs, the cab on the |ow shuttle S being placed onto
the carriage R and the cab on the high shuttle T being placed on the
carriage X, and then these cabs in turn being placed on the high shuttle T
and the low shuttle S, respectively. The routine 228 may be as described in
several routines of the parent applicati @&® -The concl usion of such routines
will reach a series of steps 229-233 to reset shuttle arrive L/H, since the

job i s conpl et &ranspextett [ wantdieadilghrenots dxan sridrsecrpd G

whi ch nmay have tieispdit | £Ibcys, s iisichdrerei nafter, to reset a hold on
carriages either on track L or track .H Eghset tqﬁé%aé et_for the extra cab
to be its parking pl RWING A RAFSHELT ©aR, O ¢ 3’?3 % he second
routine flag i hamitzontegkliye past saishipligglity aff ifimt landings owset in
a step 236; if Gfle Mest atrﬁrf‘db #ddr S eset the busy flag so that the

routine of Fig. can once agaln determde if the need for
stopping the carriage to allow passengers to

enter the cab in response to a request therefor
registered at any of said first landings;

moving said cab on said first carriage
horizontally to a first elevator which extends between
said first transport floor and said second transport
floor;

transferring said passenger cab from said first
carriage to a car frame in said elevator;

moving said elevator cab vertically on said
elevator car frame between said first transport floor
and said second transport floor;

transferring said passenger cab from said
elevator car frame to a second carriage adjacent said
elevator on said second transport floor; and

alternatively, either -

moving said elevator cab horizontally

along a plurality of said second passenger

landings on said second transport floor in

response to a request registered for said cab

for service to one of said second landings; or -

moving said passenger cab on said second

carriage horizontally to a second elevator which

extends between said second transport floor and

said third transport floor and transferring said

passenger from said second carriage to a car

frame of said second elevator, in response to a

request registered for said cab for service to

one of said third landings.



D

but test 179 is affirmative causing the programto div

- 21 - service is iminent el sewhere. And then other pr ogr amm ng

reverted to through the return point 227. In the next pass t th

routine of Fig. 8, the busy flag is still set so test \
\&\\ v

e
arrive L/Hroutine of Fig. 12 through the transfer poll
be perfornmed, it independently reidentif

routine wll

as being the closest one, and taking a high shuttle mnth which it wll
wor k. When the cabs of the two shuttles have been exchanged, because of

- 40 -

9. A system for providing horizontal and
vertical transportation to passéngers, comprising:

an elevator having a car frame vertically
moveable therein;

a plurality of transport floors, each transport
floor vertically remote from each other transport
floor, each of said transport floors having a
plurality of passenger landings and a plurality of
tracks adjacent said landings and extending between
said elevator and said landings;

a plurality of carriages horizontally moveable
on said tracks;

a plurality of passenger cabs moveable between
said car frame and said carriages for horizontal
movement on said transport floors and vertical
movement in said elevator between said transport
floors; and

horizontal motive means for transferring said
cab between said elevator car frame and said
carriages, whereby to move said cab vertically on said
elevator to and from said transport floors and
horizontally on a carriage on selected ones of said
transfer floors.,

10. A system according to claim 9 wherein said
horizontal motive means transfers said cab between
said car frame and said carriages with motion which is
in the same_direction as the motion of said carriages
to said elevator.

11. A system according to claim 9 wherein said
horizontal motive means transfers said cab between
said car frame and said carriages with motion which is
transverse to the motion of said carriages to said
elevator.

ntlre
¢hé | ow shuttle S



the second routine flag set in step 248 of Fig. 13, the busy flag is not
reset in step 235; instead, the second routine flag is reset in step 236.
Then a subsequent pass through Fig. 8 will find an affirmative result of
test 142, a negative result of test 179, being steered by an affirmtive

result of test 183 through the transfer point 172 baCKQLQ_LD§~E§Lé;?g§~EiL
routine of Fig. 13. ' Al t hough not shown in Fig. I?T~fhe~caL§~‘ﬁ\~\‘_
within the high shuttle may be exanmined, and if car calls are for the
transport floor 26, then when the exchange cabs routi:nes 228 are perforned,
i nstead of |oading the cab fromthe high shuttle onto the |ow shuttle, it
~can sinply be sent on its way on the high 4Xxaek. This is an obvious

nodi fication which is not described further. Assume now that the
carriage arrive L routine 146 of Fig. APskxaghines that a carriage is

arriving on the | ow t gR¢hzohtal hiiqavezeibkall Passehge? MTrangperiti Ng the use
of a low shuttle (that is, either at the |obby or at sone | ower hori zontal

transportation | anding such as on the transport floor 27). In such case,
step 170 in Fig. 10 wiklevater IsHbs lere arrangferred isetween | elevdtord e

carriage arrivalwﬁfgﬁiﬁgycge shuttles, in various levels of a
building, such as transport floors, in response to car
calls registered in the cabs and hall calls registered
on the transport floors. The cabs may be transferred
from carriages or bogeys onto elevator car frames in a
lateral direction, which is perpendicular to the
motion of the cab on a carriage or bogey, or in a
longitudinal direction which is the same as the
direction of motion of a cab on a carriage or bogey.
The horizontal/vertical control and transfer may be

- effected in response to the arrival at transport
floors of elevators having cabs therein, or in
response to the arrival at an elevator of a bogey
carrying a cab which must be transported between a
transport floor on one level of a building and a
transport floor on another level of a building, in
order to serve the need of a car call registered
therein or a hall call. The horizontal transportation
may occur on transport floors.within a building, or
may extend between different building segments or
between different buildings.

(Figure No. 2)



- 22 - Fig. 13 will be reached through the transfer point 172. In order to
nmove a cab froma carriage to a shuttle, in this enbodinent, a shuttle nust
arrive at the transfer floor 26, and its cab nust be dealt with prior to
being able to receive a cab fromthe approaching carriage. In Fig. 13, a
first. pair of tests 237, 239 involve fl&gs used to control advancenent
through the routine of Fig. 13; these are initially negative reaching a

subroutine 240 to determ ne the _ti transfer (TTT) of each |ow shuttle.
This is to find the first 1t | W || becone avail able to take any
cab fromthe approachi - H3

", M . .
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carriage. A step 241 establishes the TTT of the selected shuttle to be the
| east TTT determined in the subroutine 240, a step 242 identifies the

sel ected shuttle as that having the |east TTT, and a step 243 sets the
target for the R carriage to be equal to the sill of the selected shuttle
S. Atest 244 determines if the selected 2huttle has car calls for the high
shuttles or requiring transfer to the high shuttles for a subsequent

hori zontal destination. If it does, then that cab will have to be
transferred to one of the high shuttles which in turn may require transfer
to a high shuttle having a cab destined for the |ow shuttle. In other
words, it mght be that the shuttle selected in the steps 241-243 cannot
handl e the cab now approachihRg on the selected carriage, G |If test 244 is

affirmative, a step 24 i NI set\shuttle arrive L/H since this cab wll
have to be dealt withAirs ThenN\a step 246 will set old carriage L and a
step 247 wll set hol/d G as to put transfer fromcarriage G on hold
endi ng handl i ng the/cabs i'nvol ved h the | ow and high shuttles. Then a

step 248 sets the Znd routine flag, \apd other programm ng is reached
through a return goint 252. In a supsaguent pass through Fig.

’ <

Fie 2

i,



- 23 - 8, test 142 is affirmative but test 179 is affirnmative so that test,
183 is not reached. In other words, both flags for shuttle arrive L/H and
shuttle arrive L/L are on at the same tinme but the routine will take care

of the cab which needs to be noved fromL to H by virtue of the arrangenent
of Fig. 8. Therefore, the routine of Fig. 12 will be perforned and the cab
on the low shuttle will be transferred to the high shuttle. In Fig.
13, tests 237, 239 are negative, once again reaching the routine, steps and
tests 240-244 to find a selected |l ow shuttle, S, which does not have a cab
that nust be transferred into the high shuttles.
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Assum ng this has happened, a negative result of test 244 reaches a step
253 to generate a wait value equal to the difference between the TTT of the
shuttle and the TTT of the approaching carriage G plus sone transfer tine,
Kt, which is required to renove the cab fromthe approaching shuttle before
the cab on carriage G can be placed thereond4d A test 254 determnes if the
wait value is greater than a threshold. If it is not, step 255 sets the
shuttle arrive L/F, steps 256, 257 hold carriage L and carriage G step 258
sets the 2nd routine flag, and step 259 sets an unload G flag. In the next
pass through Fig. 8, test 142 is affirmative and test 181 is affirmative
causing the programto revert to Fig. 11, without reaching test 183. Thus,
the routine of Fig. 11 is perforned so as to cause the cab arriving on the
selected | ow shuttle S to be renmoved fromthe shuttle and sent on its way
on the carriage R, as described with respect to Fig. 11 hereinbefore.

When the cab on the | ow shuttle has been placed on a carriage and noved out
on the L track; the test 206 in Fig. 12 causes the busy flag t ot ,be
reset /7 %

-—

This. Sheet Has Been
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- 24 - Dbut
whi ch ot her

rather the 2nd routine flag to be reset
programming is reverted to through the return point 195.
subsequent pass through the routine of Fig. 8,

test 142 is still

in a step 208, after

In the

affirmative but this time test 181 is negative so that test 183 is again

reached causing the programto revert t® Fig.

had set the unload G fl ag,

stopped running; until

t hat

13. However,

since step 259

this time test 237 is affirmative reaching a
pair of steps 263, 264 to reset hold carriage L and to reset hold G Then a
pair of tests 265, 266 determne if carriage G has reached sil

is the case,

through the return point 252. \Wen carriage Gis stopped at sil

negative

FIG. &

M
™ O
o) N ©
-
2R
{ —
“ : 20
™~ . : e ™~
o _‘
- \\ 93
Vil B A
I 1
HINQ
5 [{e]

i
ST

106
30, | P
129/

122

112

M
3 o
4 -
} © <
B -
-—
1 -
—\F_._ M
o TP -
% = . -
e = .

—

This Sheet Has Been Re[ilaced _

R

S and

ot her progranmm ng is reached

S, a



result of test 266 will reach a series of subroutines 267-271 to |ock the
carriage to the floor, unlock the cab car |ocks on the carriage G and
transfer the cab fromcarriage G onto the enpty shuttle S; |ock the car

| ocks of the shuttle S, unlock the car floor |ocks of shuttle S use S
to run. Al these routines are of the type disclosed in the aforenentioned

copendi ng applications. When shuttle S has IeﬁﬁﬁsmhhhaB&m emax%erles
of steps 272-275 reset carrlage arrive L/L, |dent|fy carrlage
R as being carriage G (which is standing at ‘sill busy
flag and reset the unload G fl ag Thus, the rout

(and other simlar routines identified on Fig. 8)_aIIOM/vert|caI and
hori zontal transportation, with the exchange of cabs at the interface
bet ween the horizontal and vertical transportation, w thout in any way

interfering with the nee for orderly f of passen | he
el evator portion/of the syste€ =<
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- 25 - Referring to Fig. 14, the practice of the present invention
based primarily on the apparatus of the parent application as described

her ei nbefore, can also easily be practiced with a single track. Al that is
required is that the first cab to be | oaded froma shuttle onto a carri age
in the transfer area of the transport f[foor 26a be nobved out of the way
such as to a position 278 whil e another carriage, such as one in the parked
position 279, can be brought in to nove a cab from-another shuttle to the
shuttl e which was just rendered enpty. This is basically sinpler than the
routines described in Figs. 8-13, except for the addi.tional noving step.

To transferh*macab froma car frane to a carri age=~jvhe enbodi mnents of the
i nvention de§§ribed hereinbefore utilize |lateral cabmtion; that is,

AN
K
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notion which is perpendicular to the direction of carriage novenent. The

i nvention may al so be practiced in enbodinments in which the cab is
transferred between a carriage and a car franme longitudinally; that is, in
the sane direction as notion of the carriage. Fig. 15 illustrates a

hori zontal /vertical transportation system8 which may obtain at an upper

| evel of a hypertall building. Therein, a plurality of building sections
281- 283 may surround a park-1ike area 284 beneath which horizontal
transportation tracks 29EZaE 0 9=LalzZeb SroMtHrtansf er passengers

hori zontally, and allo e nd of f, such as at a call [anding
287. The tracks 285 ake » ton with an el evator 288 ﬁ@h@t
passengers can travel | between e \various ’floors of the buildings 281, 282
and the park-like areq 284 and@t hgt4r eamoft thate| eyBh, 1TH the sane cab,
such as cab 286. In this instance/ fhecear 286wt 4 transferred

|l ongi tudinally from albogey ;o3 t & RETOSED

SHT L Vi o ! 7:}\ ! —— 160
/’ A2V & 7 (_;#n A2ir L) F—‘A.G—)Z—.a{gﬁ—urc. A2V L/I-D/F/o.lz
7;»1-:. AV L-7¢, 744 30, LN -

/6,4—2.:& v i ;14)((5,er A2 »/;.:LM#n AZIY r i Y L9
»
/c-ﬂ—ﬂrG—A»AN L'F'!C—-Ly 131, Y S
T e iV I/ E F_/.MTL AL LJE ) Fia.lt
192y LV -
EHTL ARV HfE F‘;‘:‘%@wn Ay wi= oyl
153 [~ N
Ao pRT L[{..FMA,@;& ARV n/C D12
)9"1 ] J /V - 17}
Eras par e ree Ywcmmmeaasan (1
/%f,\ & M
{eARie pziv L FLG-)L»CZA:J — ALV HIFE -5/
156 VRl :
(ARG 22\ LK = ém ZA2/E ARIv w31 f/
.,(&7\ ;._L"’/ y
@A—ﬁlé} frAS R Fe Nl Cngie amrv A7 3191
. )%$\ il ” y
;‘—Mﬁ___(émzm LRIV /= L6~ WMarie v wre ' 11
w K A |
[

Has Been Re‘la“ﬁd

Tl



- 26 - 285 into an elevator car frame within the hoistway of the el evator
288. ' Fig. 16 shows another situation in which‘longitudinally
transferred el evator cabs may be utilized. In Fig. 16, there are a
plurality of levels 290-293 in a first structure 294 which is served by a
pair of elevators 295, 296. The struct®re 294 may be connected by _
hori zontal tracks 299, 300 to a totaIIy different structure 301 | ocated

sonme di stance fromthe structure strug%ure 301 may al so include
el evators such as an el evaloi> 202 VHKOUMMLC 76 qu;be transferred for
5,295

vertical transportatiQn 296 are depicted as

bei ng enpl oyed in a &ciiZf pved upyeedl y t .
desired floor in the el evat Mﬁ/dly ;gon1levgf§291 in

el evator 296. However, othe ‘ y thha shown
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bei ng exenplary nerely. As shown on the |level 291, the cabs may stop at a
“plurality of |andings 305 any one of which nay be identified for an

i ntended stop by pressing a car call button in the corresponding cab or a
hall call button at the stop. Should a cab be | oaded on the el evator 295
with a car call for a level such as 2921@r 293, the elevator 295 can raise
the cab to that level before transferring it to a bogey on that |evel.
Simlarly, one or -nore cabs may be run in a bus node in which each cab
travel s around each level and then goes to the next |evel and travels
around it. The node of oper ggBzontal levels, and -
therefore the nature of excmmv% ﬁére I rrel évast /oo

the invention, there being an unlim#fed thkther of s in which vertical

and horizontal tran M(erﬁa},ﬁe/ﬁﬂrmlfﬂgdﬁfn‘a)>ﬁw#l b _
vertical transportati € | nvergd on nmay D€ achieve i izing -
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- 27 - longitudinal transfer of the type illustrated briefly in Figs. 15
and 16, in a manner which is fully set forth in a commonly owned, copendi ng
U S. patent application Serial No. (Attorney Docket No. Or-2963), filed
cont enpor aneously herewi th. The |ongitudinal transfer described therein is
illustrated briefly in Figs. 17 and 1811 Referring nowto Fig. 17, a
cab 313 includes a passenger conpartnent 314 and a carriage 315. The
carriage 315 has wheel s 316-319 di sposed on brackets 320, 321 attached to a
frame 322. The reverse side of the carriage 315 has four
simlarly-positioned wheels. The wheel s 316, 317 are shown being
supported by a rail 326 di sposeg 27/6f a bogey 328gych in
turn can nove al ong tracks 329 z ﬂ7¥Mich are di spos ‘t &/t he
pl atform 327 by journals 332, 1 e of the bogey 328 has
addi ti onal wheels which ride 4Qq TR
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The tracks 329 are disposed to the building structure 336. The wheel s
318, 319 are shown bei ng supported by a rail 340 .supported on a platform
342 of an elevator car frame 343, which includes stiles 344 and braces 345
of a conventional sort. The car frame 343 is disposed in a hoistway 345 for
vertical notion, such as by neans of al2ypical elevator traction machine
connected to the car frame and a counterwei ght by roping, or by nmeans of
any other suitable nmotor. The nature of the elevator with which the
invention is used is irrelevant to the invention. Another bogey 346 may
simlarly be noveabl e on ot her tracks supported in the building, and.is not
descri bed further. ication Serial No. - °
(Attorney Docket No. OT- 2 HIML Fl' /2
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- 28 - each have linear notor primaries disposed thereon and the carriage
315 beneath the cab 313 has linear notor secondaries extending throughout -
its length (fromright to left as seen in Fig. 17). Linear displacenent
transducers are utilized to control the operation of the linear notors so
as to nove the cab 313 froma bogey 3283 nto a car frane 343, or vice

ver sa. Referring to Fig. 18, the rail 340 is scarfed on the outside,
so as to provide a half-Iap terrporary joint as illustrated with the rail
326. In Fig. 18, a mninmal ovet 3 3l l-82326, 340 is

illustrated, which may be mmm

centineters), which is ad#mat
centineter) overlap nmay be us<4 28 nay nave a butfer (n%e

shown) to absolutely arrest it 'ﬁ' Loyt any interference between the
rails 326 and the railg‘gg';%eﬁ‘- 7 spaci ng of the wheels 316 ang 317 as
wel | as :
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318 and 319, and the spacing of other pairs of wheels on the réverse'side”
of the carriage 315, is sufficiently great so that either one wheel 316,
318 or the other 317, 319 is supported by a full section of rail 349, 350
at all tinmes. Sinilarly, guide rollers (not shown) are sufficiently spaced
so that one roller or the other of each4pair is on the flat inside edge
351, 352 of the rails 326, 340 at all times. Therefore, the conbination of
scarfing pgulhe rails and spacing of the wheels and rollers provides a
smoot h ri dex” Snoot hness and qui et ness are al so enhanced by various tapers
provi ded atythe ends of the rails. In the enbodi mrent of Figs. 1-14,

t he operat{{dh is controlled in a manner that supports the needs of t he
relatively Tall shuttles to rapidly and reliably
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- 29 - deliver their passenger cabs. The enbodi nent of Figs. 15-17 may be
operated in a different manner, in which the elevators are called to
whi chever position they are needed, and will travel to those positions with
no cabs in them after which they will receive a cab and deliver the cab to
the desired, evel. In the follow ng de$bription, the elevator and its car
frame is ref\é\red to as the shuttle and the carriage is referred to as the
bogey. SReferri ng to'Fig. 19, a routine for transferring a cab froma
bogey to a sRuttle is reached through an entry point 358%nd a fir$f step
359 sets an & counter to zero. This is part of a schegne ich, for 7each
shuttle, determines if there is a nearby bogey taajg¥eqis CMe, evit
service. Thus, the routine steps through, ,each of %he s e ‘aﬂﬁ"Tp‘r each
shuttl e steps through all of the |evel s4lherei n)@ferr -f‘.{ll'oors, F)
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to determne if there iswa bogey near th&jshu

step 360 increnents the %counter arg Chel B )Q .

_\\\\\H\\n‘\\\‘i;

N
34
=

%

T R e O Y et
THIEIEI NSRS RISl

\\.

This Sheet Has Been Re,

i



particular shuttle being identified by the S counter is busy or not, in a
mariner- descri bed hereinafter. If the particular shuttle is busy, according
to the test 361, this nmeans that it has identified a bogey that needs
service on one of the floors. Gtherwise, it has not yet selected a bogey to
service and a negative result of test 36w Il reach a step 362 to set a
floor counter, F, to zero. Then the floor counter is increnented in a step
363 to point to the first floor |level of the building. A test 364
determnes if the first bogey in a first in first out (FIFO storage of
bogey positions for flooreyF has a position which is greater than sone
threshol d position val ue,gi ndicative of the fact that it is approaching a
shuttl e where it may Qeques pved fromone floor |evel to
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- 30 - another. If there is no such bogey on floor F, a negative result of
test 364 reaches a test 365 to see if all of the four floors have been
tested or not. If not, the routine reverts to the step 363 where the F
counter is increnented and the test 364 again determ nes whet her or not
there is a bogey close to the shuttle. Ifzthere is, an affirmative result:
of test 364 will reach a step 366 to identify a sel ected bogey of the

sel ected shuttiWe, B(S), as the first bogey in the position FIFO for floor
F. Then a test\s367 may determ ne whether there are any car calis on the

sel ect ed bogey r, r that is different fromfloor F. 1f not, the
bogey needs no el tor pervice and a negative result of test 367 wll pass
t hrough the test and Il revert to the step 363 unless all of the
fl oors have beem§t ted 1™ course, if a bogey which is approaching an
el evator has carwsa] |s oh®he sane floor that it is on, turning or
swi tching arrangenﬁqtc, not illustrated in Figs. 15 and 16, need be
provided to allow tfhaf bpgey to continue to %ﬁgcula t he sanme fl oor.
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Assumi ng that the selected bogey has a car call on the floor other than its
current floor, an affirmative result of test 367 will reach a sep 368 to
identify the floor where Sis to pick up the bogey as F(S). A step 369 sets
the target floor for the selected shuttle to floor F so that the sel ected
shuttle can go to floor F to pick up tlH8 cab fromthe sel ected bogey. A
step 370 will set the busy S flag neaning this shuttle is busy (though

ot hers need not be), and a step 371 will set the selected shuttle, S, into
the run condition. A test 373 then determnes if the shuttle S has reached

floor ‘F; unless it is alread aar-etr g5 Anat rekoer gkial ly it will not,
SO a negative result of test Wl reach, a test 374
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-31- to determine if the shuttle presently being considered is the highest .
ntnbered shuttle, N, in the system If not, a negative result of test 374

wi |l cause the programto revert to step 360 where the S counter is

i ncrenment ed. For the next value of S, the selected shuttle nay be
busy or ‘it may not; therefore, a proced® of determining if there is a bogey
in the vicinity of this shuttle, which will need help in noving a cab

vertically, will be repeated for this shuttle. On the other hand, this
shuttle may be well along in the process (as described hereinafter), so if

it is busy, an affirmtj i;%%%;ggééy&ﬂuse the programto,
pass through a routine (& Lide i ch may CheS*;&h%2;

position of each bogey to ensurg !

that none are too close to any structlre
for safety sake and stop such hggey. Then the test 373 is reached to
determine if the presently d4SEde 7 Gttle Is at its presently
designated floor, F(S). If i g then a test 374 determnes if the

sel ected s e I1s inther ‘u--'thgqjuf so, test 374 is reverted to
but if not,] then a test 375
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S EOPE)
determnes if the position of the bogey identified in step 366 6}’; T higgl ~
shuttle is in a preload position on the indicated floor, F(S). If it is.not
d&s yet, then another shuttle is dealt with, in the neantinme, by passing
through the test 374. O Yourse if this is the highest shuttle (N) in the
system then an affirmative result of test 37 | d ,cays her
progranming to be reverted to through a ret Msﬁg‘f tS .-ez(HecenFtFFra1997
subsequent pass through the routine of ﬁi/quQ, for sone shuttle working

- ﬁ-’}?
I

with a selected bogey on a selected flo he bogey w | f—e—at—the—pretoad
position on that floor for that shuttle. An REPLACEMENT SHEET
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.- 32 -

affirmative result of test 375 w ||
so that the selected bogey w !l

creep in the sel ected bogey,

“into an overlap positionsindicated in Figs.
be rolled fromthe bogey into the shuttle.
the current position of the sel ected bogey
the position shown in Figs.
dealt with through the test 374. But i

380 reaches a segies of subroutines'38?/ggg

17 and 18).

|

which will

first

reach a step 379 to induce
slowy craw

17 and 18 whereby the cab can
Then a test 380 determines if

is L | oad L t |
ShBetitiinhaes £ Reesmeer 49 o 1 <
an affirmative result of test
| ock the car

floor |ocks of t®e bogey_and the car frane of the shugtite; audmghgﬁ gﬂlock
the cab car |ockg o he seh™qcted bogey so as to rele REPLAGEME E nl ock
the cab car | ocksyn the car ™Nane so as to pernmt the fab to enter the} car
frame without int@rference. A sybroutine 383 will caupe}tpOgieey 1997 the| cab
bet ween the sel e€ted bogey and the shuttle, a subroutine 4wl lock |he
cab car locks oh the car frame of\the shuttle, a subrput+re—385—wt1
rel ease the cgf floor |ocks of the\shuttle car frame &and a subroutine 386
will put the Shuttle into the r Qndi tion. Then, theTmext Shuttle in turn
is dealt w t hrough t he : —
/ =< -
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/
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test 374
test 374

. The subrouti'nes 381-386 are depicted as having.exit points to the
so that during the tine that nechani cal operations are being

waited f

in each | Sepak- ,

wth the
Fig. 20,
reached
to zero.
19. Then

T Mﬁmﬂﬁggsaﬂﬂi'g is not held up. By keeping track of each bogey
[ at the processing for one shuttle can be interl eaved

ndt her shuttle, descri hed. Referyi to
tiansferring a ca%S“Pﬁﬁﬁ#& g‘lﬁﬁt’lpente&eaﬁl%gté/g?s

ht ough an_entryi ppi nt 390 anB/%]Qirst step 391 sets an S counter
ThTS 1s simlar tp the S counter set to zero in step 359 of Fig.

pr ocessi ng
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- 33 - the S counter and a test 393 determnes if there is a cab on the
sel ected shuttle. If not, the shuttle is dealt with, in turn, through a
test 396. If there is a cap, a test 394 determnes if there is a bogey at
the sill of the shuttle designated by the S counter, on the target floor of
the shuttle, F(S), as established in step. 369 of F|g If not, a
negative result of test 394 reaches a step 3$ubsgt ‘é"@tsrﬁ?é + 4 Qpaember 3397
extra shuttle on the selected floor to the sill at the selected shuttle and
floor. And then the next shuttle in turn rrw/b@ dealt Wi th. I n each
pass through the routine of Fig. 20, any shuttle which has a cab wll
proceed through test 393 and 394 and when eventually there is a bogey at
its sill on the target floor, then an affirmative result of test 394 will
reach a subroutine 397 to | ock the car floor |ocks of the bogey at the sill
of the designated shuttle on the target floor and to | ock—t OOt

bal l r

| ocks of the shuttle. Then a subroutine 398 will cause tHe REBLAGEMENTOSKEEToA
both the car frane of shuttle S and the bogey at the 'sill} tfhereof 10 Decqny

unl ocked. A transfer subroutine 399 will nopbve the cab frdmish ‘stbfc%f’ tthed

bogey at the sill of shuttle S on the targ opr. Then ja Jsubrouti né” 40(
w ll |ock F‘Iélf
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the cab car | ocks on the bogey at the sill of the selected shuttle on the
target floor, a step 401 wll set the bogey into the run condition, to
allow it to proceed to a Janding indicated by a car call registered in the
cab. A step 402 will reset the busy flag for shuttle S; this neans that the
shuttle can now be used to nove sone other cab. And then thS testb 39&?
determnes if each shuttle in turn halségﬁgls‘l’kﬁﬂﬂ’&i?hﬁ?t né Degempber 1997

ot her progranmng is reverted to thro return point 403. The | ock and
transfer routines may be of the type described in the

- 34 -
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Cl ai s 1. A nmet hod of noving passengers between a first point . and
a second point which is both vertically and horizontally renote from said
novi ng passengers in a passenger cab on a“

first point, conprising: :
carriage horizontally fromsaid first point to a point adjacent to an
transferring said cab fromsaid carriage ontQ a car fr
novi ng said cab §vP%ténuae éﬁg%ﬂt grBE‘é‘F Péﬂ@agrya
2. A

of said elevator; and
vertically to the sanme vertical |evel as_said second point.
752&Ehd point is horizontally

met hod according to claim 1l wherein said
renmote fromsaid el evator, said nethod further conprising:

transferring said cab fromsaid elevator car frame to a second carri age

di sposed at the |l evel of said second point; and nmovi ng said cab on
said second carriage horizontally fromsaid elevator to said second point.

el evat or;

'REPLACEMENT SHEET
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3. .A nethod according to claim1l wherein said cab is transferred from
said carriage to said car frane with notion which is in the sane direction
as the notion of said carriage to said el evator. 4. A et hod
according to claim1 wherein said cab is transferred fromsaid carriage to
said car frame with notion which is transverse tg t he nmotion of said

carr i age to said el evat or. Substitute sheet - 2 Decemh%gl 997
| | 8/19
FIG.8 | REPLACEMENT SHEET !
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5. . A method of noving passengers between a first passenger |anding at a
first point on a first transport floor and a second passenger |anding at. a

Second point on a second {ransfer floor, which conprises: novi ng a
passenger cab on a first carriage to said first point on said first floor;
then | oading a passenger into said cab at first po

noving said cab on said first carriage g tHiyte We§al%DFFP§Ib°('r1£%¥)ort
~floor to a third point on said first t rt floor, said third point
bei ng adjacent to the hatchway of an el evator; then transferring said
cab fromsaid fiiﬁf cggriage onto a car frane of said el evatar, then
novi ng said cab Ga car frame vertically fr said firstREpuNﬁgggmt SHEET

ransf er r { ng—satad—eab—fr

%Hgar'ﬁ“é Whl ch is adjagen
oor|; and t hen novi pg iﬁi@a&ciﬁkn
f

oor fromsaid

floor to said second transport fl
said elevator car frane to a sec
el evator on said second transport

el evator to sai diggcond point.

\ DTRMN TIT OF EACH L SHTL

151

TTT(S) = LEAST TIT
S = SHTL (TTT(S)) 152

l 153
TTT(S) < ARV THRSH YN

155
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156
Y =
CR CL(S) = H \57
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/-1 60 | L) Ve 161 |
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6.- A nmethod of noving a passenger froma first point on a first transfer
floor at a first level of a first building to a second point on a second

“transfer floor at a secqnd | evel of a second building, conprisi ng:

providing a passenger cab on a horizontally noveable first carriage at sald

Lglrrslt ; poi nt ; al l owi ng a passenger tos‘%)a{ rd Sal!leet ag Stcesr% grtllg _
10/19
: REPLAGEMENT SHE
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transporting said cab on said first carriage horizontally between said

first point and a hatchway on said first level of a first elevator that .
extends between said first ,level and a third level of said first building;
transferring said cab fromsaid first carriage onto a first car frame of

said first elevator; noving said cab vertically on said first car
‘frame fromsaid first level of said buildi ng Yupsiitute sheets 2ddegergbes 1987
first building; transferring saidl ¢§{o19rom said car frane of said

first elevator to a second carriage di sposed adjacent said first elevator
on said third Imc}fl novi ng said second carriage horizontally on—s
msai’d first '

third level fro
adj acent to a hatchway of a second
third | evel of said second buildin

buigting to said second bui qq
63181 2 lagdiy Y ext ends

nd | evel

5 e orﬂﬁ@ﬁc ﬁQgrre of -

id

sai d second el evator; noving said cgb vertically ¢nlsaid secand

franme fromsaid third | evel of said second building to $aid second | evel 3

ASEMENTP SHEET

r

transferring sai d passenger ggg from sai dgsecond car frange_onte—a—third
d adila

carriage di sposed on said se

sﬁi d second el evator;

and
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novi ng said cab horizontally on said third carriage along said second | evel
fromsaid second el evator to said second point. 7. A net hod of
fovi ng passengers between any of a plurality of first passenger |andings on
a first transport floor to selected ones of a plurality of second passenger
| andi ngs on a second transport floor vertically renote fromsaid first

transport floor or a . Substitute sheet - 2_-Dggpmber 1997
‘ .
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plurality of third passenger |andings on a third transport floor vertically
renote fromsaid first transport floor and vertically remte fromsaid
“second transport floor, conprising: novi ng a passenger cab on a first
carriage horizontally past said plurality of first landings on said first
transport floor; stopping the carria | I gw pa ers to er
the cab in response to a request therefor %fgﬁﬁ’f@fﬂ eﬁ'i&%?"@‘oﬂrd1§ﬁst

| andi ngs; novi ng said cab on said ¥ carriage horizontally to a
first eleva h e 0 W=Y=Ta of said floors; transferring
sai d passenﬁdl\alﬁf rory)nsga

dCﬁﬁRle"tRchb./kl age to a car frarre in said

el evator; novi ngzgai d cab Vg cally on said elevator car franme to a
selected floor in the B -' o--q ged roor being either said
'second transport floor or , 2ang ‘
registration in said Qgg of a reqfnst for serV|ce on said selected floot;
nmoving sai d. cab from sar ¢ )sk me onto a second carriage on s$aid
sel ected fl oor: Vi EY@ ca hori zontally on said second

.carriage to a papsenges | andi ng | pNHI cated by said request for service.

- Y
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8. _ A nethod of noving passengers between any of a plurality of first
passenger landings on a first transport floor to selected ones of a
plurality of second passenger |andings on a second transport fl oor
vertically renote fromsaid first transport floor or a plurality of third

passenger landings on a third transport flogqr vertically repgote from said
first , : -g”§§t't-"tet§%§ﬁ¥ﬁ& ecepiier 1 RP7
vertically renote fromsaid second transport floor, conprising:

14/19
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nmovi ng a passenger cab on a first carriage horizontally past said plurality

of_first landings on said first transport floor; st oppi ng the
carriage to all ow passengers to enter the cab in response to a request
therefor registered at any of said first |andings; novi ng sai d cab on

said fi'rst carriage horizontally to a first el evator which extends between
said first transport floor and said second tr Substitutershest.- 2 December 1997
transferring said passenger cab fromsaid first carriage to a car frane in
sai d el evator; nmoving said el evator ddby/¥8rtically on said el evator

car frame between said first transport floor and said second transport

floor; transferringmaaLd~passeng3L”34b fromsaid el evator car frane

to a second carriage adj aceppisaigkngl SNgRTol on said second transport floor;
and alternatively, leifpher _ novi ng said el evator cab ,
hori zontal |y al ong @l ubg t\&é 1% ,sdi d second passenger | andi ngs /
on said second transport {fl{oo 7response to a request registered V
said cab for servicqg tio_one _qf saidisdcond | andi ngs; or -
novi ng sai d passenger cab on said second carriage horiz a
second el evator which
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ext ends between said second transport floor and said third transport
floor and transferring said passenger from said second carriage to a
car frame of said second elevator, in response to a request
regi stered for said cab for Yservice to one of said third | andi ngs.

- 40 - 9. A system for providing. hor| zont aI and vertjcal

ta eheator 21Rgsergber 4997

transportation to passengers, conprising;
frame vertically noveabl e therein;
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a plurality of transport floors, each transport floor vertically renote
from each other transport floor, each of said transport floors having a
pllurality of passenger | andings and a plurality of tracks adjacent said

I andi ngs and ext endi ng between said el evator and said Iandings a
plurality of carriages horizontally noveable _on said track

plurality of passenger cabs noveabl e between §h$'i!ﬁ'~ﬁﬁr5hﬁﬁhr‘r@ Qﬁﬁe%‘&eﬂ 1997
carriages for horizontal novement on sal d transport fl oors and verti cal

nmovenent in said elgvator between said tr/a ort floorgy and
hori zontal notive geans for transferring said cab betwgg evator car
frame and said carr{ages, whereby to nove said cab ver '
el evator to and from|saild transport floors and horizon
on sel ected ones ofodai ransfer floors. &0.
to claim9 wherein $4id jhgizontal notive nmeans tr f
said car frame and s |ca'rr|ages W th notion which
direction as tﬁ@ rrgjlo of said carriages to said ele
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¥1. A system accor di ng to claim9 wherein said horizontal notive neans
transfers said cab between said car frame and said carriages with notion
which is transverse to the motion of said carriages to said el evator.
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parent application and in the aforementioned
application Serial No. 08/663,869.

All of the aforementioned patent applications
are'incprporated herein by reference.

Thus, althoﬁgh the invention has been shown and
described with respect to exemplary embodiments
_thereof, it should be understood by those skilled in
the art that the foregoing and various other changes,
omissions and additions may be made therein and
thereto, without departing from the spirit and scope
of the invention.

We—elaims-

REPLACEMENT SHEET




