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Collision Prevention in Hoistway With Two Elevator Cars

Technical Field

This invention relates to avoiding collision of two elevator cars traveling in
the same hoistway in several ways, including assigning cars so as to avoid collisions,
responding to potential collisions by one or more of reducing speed, acceleration,
deceleration, delaying start of a car, stopping a car at a non-assigned floor, or
reversing one car to allow another car to reach its destination; independent collision
avoidance will operate the brake of one or more cars or engage the safeties of one or

more cars in impending collision situations.

Background Art

To provide maximum service with minimal impact on useable space, it is
known to provide more than one elevator car traveling independently within the same
hoistway. In some systems, call assignments are extremely rudimentary so that there
is no problem with potential collision of cars, but such systems do not add significant
service since many calls cannot be assigned. Examples are illustrated mU.S.
5,419,414, U.8S. 6,360,849 and U.S. 2003/0164267.

To maximize the benefit of having more than one car traveling in a single
hoistway, additional controls are needed to assure the cars will not collide, while

providing significant increases over the single-car service.

Disclosure of Invention

Objects of the invention include: provision of elevator service by more than
one car traveling in a single hoistway without risk of collision between cars; and
improved elevator service employing two cars traveling in the same hoistway.

According to the invention, calls requesting service from an entry floor to a
destination floor are assigned to one of a plurality of cars operating in the same
hoistway in a manner to avoid situations where collisions between the cars could
occur.

In further accord with the invention, cars traveling in the same hoistway
check the assignment of each new call to determine whether such call could create a

potential collision situation, and request reassignment if a collision is possible.
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In accordance with the invention further, cars traveling in the same hoistway
exchange information and determine when potential collision situations are
impending, and take steps to mitigate the chances of collision, such as: reducing
speed, acceleration, or deceleration; stopping one or both cars; reversing one or both
cars; or holding a car at a landing when it is stopped.

In still further accord with the present invention, impending collisions
indicated by the cars being within a first distance of each other are avoided by one or
both cars having brakes applied, and are avoided within a lesser distance by engaging
the safeties of one or both cars.

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 partial perspective view of an elevator hoistway having a plurality
of cars, with a simplified block diagram of the invention.

Fig. 2 is a flow chart illustrative of functions which may be performed in
assigning elevator cars in accordance with the invention.

Fig. 3 is a flow chart illustrating checking of newly assigned calls to
determine the potential for collision.

Figs. 4A- 4C are partial flow charts illustrating exemplary checking
functions in accordance with the invention.

Fig. 5 is a flow chart illustrating tests and steps to avoid collisions between

cars.

Mode(s) for Carrying Out the Invention

Referring to Fig. 1, an elevator system 8 having a hoistway 9 includes an
upper car 10 and a lower car 11 both traveling within the hoistway 9. In the hoistway
there is a durable steel encoded tape, such as a stainless steel tape 14 with code
punched therein. The tape 14 extends between two fixed parts of the hoistway 16, 17.
Each car has conventional safeties 18, 19, which operate in a conventional fashion

against both of the guide rails (not shown).
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On each elevator car there are two tape readers, an upper (U) tape reader 20
and a lower (L) tape reader 21 on the upper car 10, and upper and lower tape readers
22, 23 on the lower car 11. Each of the tape readers and corresponding associated
circuitry 29-32 provide information 35-38 of the position of the upper car and the
lower car to redundant processors 41, 42 as well as to an upper car controller 45 and
lower car controller 46. The processors 41, 42 may operate the brake of either car’s
motor/brake system 49, 50 or engage the safeties of the upper car and the lower car,
whenever the cars are too close to each other, as described with respect to Fig. 5
hereinafter.

A group controller 52 assigns calls for service, as is described with respect to
Fig. 2, hereinafter. In the embodiment herein, it is assumed that calls for service
made on any floor include the destination which the caller wishes to reach. Therefore,
in any consideration of the possibility for collision between the cars, both the pickup
floor (where the call is entered), which is referred to herein as “F” and the destination
floor, referred to here in as “D”, must be taken into consideration. In the description
herein, U generally refers to the upper car but may also refer, where it is apparent, to
the position of the upper car. “L” generally refers to the lower car, but when the
context is clearly so, it refers to the position of the lower car.

Referring to Fig. 2, functions that may be performed in order accommodate
the operational strategy of the present invention with respect to the assignment of
calls, which in this embodiment may be accomplished by the group controller 52, are
illustrated in Fig. 2. For example, a group assignor subroutine may be reached
through an entry point 55, and a first step 56 resets a floor counter, F, to zero. Then a
step 58 increments the floor counter and a test 59 determines if there is a call at the
designated floor. If not, the step 58 increments F again and the test 59 is repeated.
When there is a call on the designated floor, a test 62 determines if the call is in the up
direction, or not. If the call is in the up direction, a test 64 determines if the floor is at
or above the position of the upper car, U. If it is, when the call is in the up direction,
there can be no problem by assigning the call to the upper car, which is achieved in a
step 65. Then a step 66 will set a flag indicating there is a new call at floor F assigned

to the upper car.
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The routine then returns to the step 58 to increment the floor counter again
and the test 59 to see if there is a call at the next floor in turn. If there is, the test 62
will again determine whether the call is in the up direction.

If the test 64 is negative, then a series of tests 68-71 will be reached unless
any of the tests 68-70 are affirmative. The test 68 determines if the floor is equal to or
higher than the demand in the upper car (that is, the highest stop that it is now
scheduled to make). If so, the call will be assigned to the upper car. Ifnot, a test 69
determines if the floor is at or higher than the demand in the lower car plus one floor.
This indicates that the lower call will not be coming to the pickup floor, F, so the call
may be assigned to the upper car. Or a test 70 will determine if the destination of the
call, D, is at or below the demand for the lower car. If it is, the lower car will be
traveling upward from the call floor, F, to or beyond the destination of the call and
therefore the lower car may take the call, as is achieved by a step 73. Then a step 74
will set a flag to indicate that there is a new call at floor F for the lower car. A test 71
determines if the destination of the call is at or below demand of the upper car minus
one floor, which indicates that the lower car can answer the call without coming
closer than one floor to where the upper car may be at any time. In such case, the
steps 73, 74 assign the call to the lower car.

If all of the tests 64, 68-71 are negative, in this particular embodiment, a
delay step 76 is reached to allow conditions in the hoistway to change after which call
assignment is again attempted by the questions 64, 68-71. If desired, a more
sophisticated embodiment may be utilized in which the timing of the position of each
car is taken into account; in that way, even though the demand of the two cars may
overlap each other, the timing of reaching that demand may be sufficiently distant so
as not to pose a collision problem. This may be accomplished in a variety of ways,
the details of which are cumbersome, and not presented here for clarity.

.Should a call be in the down direction, a negative result of test 62 reaches a
series of tests 78-82 and steps 83-87 which are similar to those just described except
for consideration of the downward direction from floor F to destination D.

In accordance with an aspect of the present invention, once the calls have
been assigned, such as by the group controller, each of the car controllers 45, 46
communicate with each other to determine if the call has been properly assigned.

That is, to determine if a likelihood of collision results from the new call assignment.
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In Fig. 3, functions illustrating one example of achieving the operational
strategy of the invention are presented as a program routine which may be performed
in both of the car controllers 45, 46 and reached through an entry point 90. A first
step sets a floor counter, F, (different from that of Fig. 2) to zero. A step 93
increments F to point to a first floor. Then a test 95 determines if a flag has been set
indicating a call from floor F newly assigned to the upper car. If so, a step 96 resets
that flag and a series of tests 97-100 determine if either the floor of the call, F, or the
destination of the call, D, is at or below one floor above either the lower car or the
demand for the lower car. If any of those situations are true, an affirmative result of
one of the tests 97-100 will reach a step 103 indicating that the call should be
reassigned. If none of those conditions are true, then a negative result will cause the
routine to revert to the step 93 to increment F and check the next floor to see if a new
call flag has been set.

If the flag is not set for the upper car, a test 105 will determine if a flag has
been set indicating that a call at floor F has been newly assigned to the lower car. If
s0, a step106 will reset that flag and a series of tests 109-112 will determine if either
the floor, F, or the destination, D, is at or above one floor below the upper car. If any
of those conditions exist, a step 115 will indicate that the call at floor F assigned to the
lower car should be reassigned. If a call at floor F has not been newly assigned to
either the upper or lower car, negative results of tests 95, 105 will cause the program
to revert to step 93 to check calls on the next floor.

The determination of whether or not the calls have been correctly assigned
may be made in a variety of ways, the functions illustrated in Fig. 3 being exemplary
only. Particularly, if the strategy used for assigning the calls in the first place is more
complex than that described with respect to Fig. 2, checking the appropriateness of
assignments of new calls may be more complex than that illustrated in Fig. 3.
However, such various embodiments are within the purview of the invention.

In addij:ion to checking new call assignments, each of the controllers 45, 46
may continuously check for likelihood of collision between the two cars, some
examples of which are illustrated in Figs. 4A-4C. InFig. 4A, a test 120 will
determine if the demand for the upper car is at or below one floor above the demand
for the lower car. If not, no further action is taken in Fig. 4A. But if test 120 is

affirmative, then a pair of tests 122, 123 determine what to do. If the upper car is

-5-
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traveling down, as indicated in test 122, then a series of steps will set the acceleration,
deceleration and maximum speed of the upper car to a low value. But if the upper car
is not traveling down and the lower car is traveling up, then a series of steps 130-132
will set the acceleration, deceleration and maximum speed of the lower car to a low
value. Similar functions may be performed in the event that the demand of the lower
car is at or above one floor below the demand of the upper car, with comparative
consequences.

InFig. 4B, a test 135 determines if the target floor of the upper car is at or
below one floor above the demand of the lower car. If so, a test 136 determines if the
direction of the lower car is up; if so, a step 138 will cause the lower car to be stopped
at its committable floor, under control of its motor. Then a step 139 will cause the
direction of the lower car to be changed to down, and a step 140 will cause the lower
car to run. The steps 138-140 comprise a reversal, and delays and other required steps
in the process, which are conventional, have been omitted for clarity.

Tests and steps similar to those of Fig. 4B could be performed in response to
test 135 by sensing that the direction of the upper car is down, and reversing it.
Similar steps and tests could be performed by sensing that the target floor of the lower
car is at or above one floor below the present position of the upper car, with
comparable tests and steps as a consequence. The illustration in Fig. 4B is exemplary
merely, and other tests may be performed which result in a reversal of one or both of
the cars.

In Fig. 4C, a test 143 determines if the target floor of the lower car is at or
above one floor below the upper car. Ifitis, a test 145 determines if the lower car is
running. If it is running then a test 146 determines if it is running in the up direction.
If so, the lower car may receive a stop command as a result of a step 148. If the lower
car is not running, a negative result of test 145 will set a flag indicating that the lower
car should wait. If it is running, a test 146 will cause a step 148 to stop the lower car
if it is running up. This may be a normal (although unscheduled) stop, which is
caused by deceleration of the motor, rather than the brake. If either test 143 or test
146 is negative, the lower car will not be stopped or caused to wait.

Functions other than those described with respect to Fig. 4C may be

employed to test the likelihood of an impending collision, such as testing for other
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relationships, to stop one or both cars or cause a car to wait. Also, the cars may be
controlled in other fashions in response to such tests.

Figs. 4A — 4C are exemplary of tests and consequences of those tests which
either or both controllers may perform in operations seeking to avoid collisions
between the two cars. In Figs. 3 and 4A-4C, the safe differential between the two cars
1s indicated as being two floors, such as in the test 97 in Fig. 3 which determines if the
call floor, F, is equal to or below one floor above the position of the lower car.
However, one, three, or more floors could be used as a differential, in which case the
test would be whether F is at or below L +2, for instance.

The processors 41, 42 of Fig. 1 provide an independent, redundant check for
impending collisions and will either drop the brake or engage the safeties of one or
more of the cars. In the example herein, functions which may be performed to carry
out the operational strategy of the present invention are illustrated in Fig. 5 in the
form of a program expressed in a flow chart. Fig. 5 represents programs which may
be performed in both of the processors 41, 42, but is merely exemplary of conditions
which may cause operation of the brakes or safeties of one or more of the cars.

In Fig. 5, a collision routine is reached through an entry point 153, and will
thereafter proceed from a start state 154 through the remainder of the routine,
repetitively, to continuously check for an imminent collision. A first test 156
determines if the direction of the upper car is down. If it is, a test 157 determines if
the spacing between the cars is four floors. If so, a step 160 causes the brake 49 of the
upper car to be dropped, thereby stopping the upper car. If the spacing of the cars is
not four floors, then a test 162 determines if the spacing of the cars is less than three
floors. Ifitis, a step 163 causes the safeties 18 of the upper car to be engaged. If the
upper car is not going down, a negative result of the test 156 causes the steps and tests
157-163 to be bypassed.

In Fig. 5, a test 165 determines if the direction of the lower car is up. If so, a
test 166 determines if the separations of the cars is four floors, and if it is, a step 168
will cause the brake 50 of the lower car to be dropped. Otherwise, a test 170
determines if the spacing between the cars is less than three floors, in which case a
step 171 will engage the safeties 19 of the lower car. If the direction of the lower car

is not up, the tests and steps 166-171 are bypassed.
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The form of tests, and the particular numbers used, as well as the general
relationship between when the brakes may be dropped and when the safeties may be

engaged, all may be selected to suit any implementation of the present invention.
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Claims

1. A method of operating an elevator system (8) which comprises a
hoistway (9) having a plurality of cars (10, 11) operating therein, each having a
controller (45, 46), and in which calls for elevator service designate the desired
destination floor, said method characterized by:

assigning each call for service to one of said elevators (65, 66; 73, 74; 83, 84;
85, 86) in a manner which will assure that the elevators will not collide; and

reassigning (103, 115) any newly assigned call except calls determined (97-

100; 106-112) to not potentially result in collision of the cars in the hoistway.

2. A method according to claim 1 wherein said assigning step is

performed in a group controller (52).

3. A method of operating an elevator system (8) which comprises a
hoistway (9) having a plurality of cars (10, 11) operating therein, each having a
controller (45, 46), and in which calls for elevator service designate the desired
destination floor, said method characterized by:

assigning each call for service to one of said elevators (65, 66; 73, 74; 83, 84;
85, 86) in a manner which will assure that the elevators will not collide; and

continuously determining whether there is a likelihood of collision between
the two cars, and mitigating said likelihood by one or more of (a) reducing (127, 132)
the maximum speed of one or more of said cars, (b) reducing (125, 130) the
acceleration of one or more of said cars, (c) reducing (126, 131) the deceleration of
one or more of said cars, (d) causing (148) an unscheduled stop of one or more of said
cars, (e) causing (150) one or more of said cars to wait at a stop, (f) reversing (139)

the direction of motion of one of said cars.

4, A method according to claim 3 wherein said step of continuously

determining is performed in each of said controllers (45, 46).
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5. A method of operating an elevator system (&) which comprises a
hoistway (9) having a plurality of cars (10, 11) operating therein, each having a
controller (45, 46), and in which calls for elevator service designate the desired
destination floor, said method characterized by:

assigning each call for service to one of said elevators (65, 66; 73, 74; 83, 84;
85, 86) in a manner which will assure that the elevators will not collide; and

continuously determining (157, 166) whether or not one of said cars is within
a first distance of another one of said cars and causing (160, 168) the brake of one or
more of said cars to be dropped in response thereto; and

continuously determining (162, 170) whether one of said cars is within a
second distance, smaller than said first distance, of another one of said cars and
causing (163, 171) the safeties of one or more of said cars to be engaged in response

thereto.

6. A method according to claim 5 wherein said step of continuously

determining is performed in each of two independent processors (41, 42).

-10 -
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