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(57) Abstract

An elevator system has a micro-
processor-based cab controller (33, 34)
mounted directly on the elevator car (3,
4), the elevator door mechanism is con-
nected to a transducer (21) which provi-
des signals as a function of the position of
the door mechanism, and the cab control-
ler controls the door motion in a closed
loop manner by providing door com-
mand signals to the elevator door mecha-
nism in dependence upon the deviation
of the present door velocity from a cur-
rent value of a dictated velocity in accor-
dance with a desired door traverse veloci-
ty profile which includes desired increa-
sing and decreasing rates of acceleration
and deceleration, and desired maximum
velocity, acceleration and deceleration.
The disclosure includes a typical elevator
system, and an exemplary door control
program flowchart as an environment for
the present invention, in addition to de-
tails concerning the invention.
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Description

Time Controlled Elevator Door Motion

"Technical Field

This invention relates to elevators, and more
particularly to a dictated elevator door velocity
profile.

Background Art

As is well knbwn, elevator cars typically employ
doors which open and close to allow passenger transfer
between the car and the floor landings. Modern,
high-speed elevators can typically travel at speeds
on the order of 200 meters per minute, and therefore
travel from one landing to the next, at full speed
without stopping, in about 1 second. For each stop,

" the elevator must decelerate and reaccelerate, and

open its door long enough for passenger transfer. The

typical time for a modern elevator landing stop is on

the order of 13 or 14 seconds, and this time accumu-
lates quite rapidly in elevators serving many floors.
Therefore, an elevator design goal is to open and
close the doors in the least possible time. However,
passengexr confidence requires that the doors work
fairly smoothly, so as not to portray an image of
elevator unreliability. Also, door velocity is
limited, to limit the kinetic energy of the dodr to

a reasonabiy safe level, particularly when closing,
éo that passengers will not be injured by the door.
Also, the door must be decelerated to a stop and
reaccelerated, within a requisite distance, as re-
quired by safety codes, whenever a passenger activates

door safety device during closing.
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In elevators known to the art, the most common
type of door operator employs analog door motor
control, the voltage supplied to the motor being
controlled by varying resistances in the circuit
in accordance with door position, utilizing cam
switches spaced along the travel path of the door,
relays, potentiometers and the like. These devices,
being basically mechanical in nature, are subject to
wear and require frequent adjustment, causing a
major portion of the maintenance cost thereof. Ad-
ditionally, optimal operation can never be achieved
with such systems since a perfect adjustment is not
possible, and adjustments to perfect one parameter
frequently detract from another parameter. Because
such devices are imperfect and are adjusted on a door
by door basis, the'characteristicé are not capable-
of being theoretically defined in advance, and

diagnostics of problems are extremely difficult.

Disclosure of Invention

Objects of the invention include predictable
elevator door operation which is smooth while taking
the least possible time.

According to the present invention, an elevator
door is driven in response to a dictated door traverse
velocity profile provided from predetermined values
of desired rates of acceleration and deceleration
and desired maximum velocity, acceleration and
deceleration. According to further aspects of the i
invention: the dictated velocity provides a profile

in which the door is accelerated with increasing

acceleration to a maximum acceleration, accelerated
with decreasing acceleration to a maximum velocity,
moved at maximum velocity, decelerated with in-
creasing decelerations to a maximum deceleration,

and decelerated with decreasing decelerations to a

t
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desired end velocity; door motion command signals are
cyclically provided in response to the deviation of
the actual door velocity from the value of the dic-
tated door velocity; and, the dictated profile

5 - is cyclically calculated.

The present invention provides door motion which
can be predetermined, and the characteristics of which
can be analyzed and controlled. Since the invention
requires no positional cams, stops, switch operators

10 or potentiometers of any type, and utilizes non-
mechanical apparatus for controlling the commands to
t+he motor, the invention provides more reliable door
operatioh than is known in the art. The invention
also provides door motion which is smooth and fast,

15 whilé maintaining safety. The invention can be
implemented in a wide variety of fashions, utilizing
apparatus and techniques which are readily available
in the art, in the light of the specific teachings of
the invention which are explained further hereinafter.

20 " The foregoing and 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 drawings.




WO 81/01831 PCT/US80/01616

10

15

20

25

30

-4 -
Brief Description of Drawings

Fig. 1 is a simplified, schematicized view of an
elevator system in which the present invention may be
practiced; _

Fig. 2 is a simplified block diagram of a con-
troller which may be utilized in the elevator system of
Fig. 1; ' '

Fig. 3 is a simplified, broken away schematicized
illustration oﬁ an elevator door operator for use with
the present invention;

Fig. 4 is an illustration of dictated acceleration
and velocity, as well as position, of a time-controlled
elevator door opening profile, on a common time base;

Fig. 5 is an illustration of dictated acceleration
and velocity, as well as position, of a position-con-
trolled elevator door opening profile, on a common time
base; -

Fig. 6 is a logic flow diagram of the subroutines
of a door control routine and door health and safety
subroutines, which may be utilized in implementing the
present invention and/or its environment;

Fig. 7 is a logic flowcﬁart of an initiation sub-
routine;

Fig. 8 is a logic flowchart of a door position/
velocity subroutine;

Fig. 9 is a logic flowchart of a door direction
subroutine;

Fig. 10 is a logic flowchart of a compénsation
subroutine;

Fig. 11 is a logic flowchart of a velocity/stall

subroutine;
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~Fig. 12 is a logic flowchart of a stall dictation
subroutine;
Fig. 13 is a logib flowchart of a position-con-
trolled profile select subroutine;
5 Fig. 14 is a logic flowchart of a time-controlled
profile select subroutine;
Fig. 15 is a logic flowchart of a profile modifi-
cation subroutine;
Fig. 16 is a logic flowchart of a select acceler-
10 ation and velocity subroutine ,
Fig. 17 is a logic flowchart of a generate posi-
tion-controlled velocity (Vp) subroutine;
Fig. 18 is a logic flowchart of a generate time-
controlled velocity (Vt) and error velocity (Verr) sub-
15 routine; and
Figs. 19 and 20 are logic flowcharts of a dynamic
compensation subroﬁtine;
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_6._
Best Mode for Carrying Out the Invention

A simplified description of a multi-car elevator
system, of the type in which the present invention may
be practiced, is illustrated in Fig. 1. Therein, a
plurality of hoistways, HOISTWAY “A" 1 and HOISTWAY
"F" 2 are illustrated, the remainder are not shown for
simplicity. 1In each hoistway, an elevator car or cab

3, 4 is guided for vertical movement on rails (not

.shown). Each car is suspended on a rope 5, 6 which

usually comprises a plurality of steel cables, that
is driven either direction or held in a fixed position
by a drive sheave/motor/brake assembly 7, 8,'and guided
by an idler or return sheave 9, 10 in the well of the
hoistway. The rdpe 5, 6 normally also carries a coun-
terweight 11, 12 which is typically equal to approxi-
mately the weight of the cab when it is carrying half
of its permissable load.

Each cab 3, 4 is connected by a tréveling cable

13, 14 to a corresponding car controller 15,.16 which .

is ;0cated in a machine room at the head of the hoist-

ways. The car controllers 15, 16 provide operation and
motion control to the cabs, as is known in the art. ' In

the case of multi-car elevator systems, it has long been

~common to provide a group controller 17 which receives

up and down hall calls registered on hall call buttons
18-20 on the floors of the buildings, allocates those
calls to the various cars for response, and distributes
cars among the floors of the building, in accordance
with any one of several various modes of group opera-
tion. Modes of group operation may be controlled in
part by a lobby panel 21 which is normally connected by
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-suitable building wirfng 22 to the group controller in

multi-car elevator systems.

The car controllers 15, 16 also control certain
hoistway functions which relate to the corresponding
car, such as the lighting of up and down response
lanterns 23, 24, there being one such set of lanterns
23 assigned to each car 3, and similar sets of lanterns
24 for each other car 4, designating the hoistway door
where service in response to a hall call will be
provided for the respective up and down directions.

The foregoing is a description of an elevator
system in general, and, as far as the descri?tion goes
thus far, is equally descriptive of elevator systems
known to the prior art, and elevator systems incorpora-
ting the teachings of the present invention.

Although not required in the practice of the
present invention, the elevator system in which the in-
vention is utilized may derive the position of the
car within the hoistway by means of a primary position
transducer (PPT) 25, 26 which may comprise a‘quasi-
absélute, incremental encoder and counting and direc-
tional interface circuitry of the type described in a
commonly owned copending U.S,., patent application of
Marvin Masel et al, Serial No. 927,242, filed on July
21, 1978, (a continuation of Serial No. 641,798, filed
December 18, 1975), entitled HIGH RESOLUTION AND WIDE

" RANGE SHAFT POSITION TRANSDUCER SYSTEMS. Such trans- -

ducer is driven by a suitable sprocket 27, 28 in re-
sponse to a steel tape 29, 30 which is connected at
both its ends to the cab and passes over an idler
sprocket 31, 32 in the hoistway well. Similarly,
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although not required in an elevator system to practice
the present invention, detailed positional information
at each floor, for more door control and for verifica-
tion of floor position information derived by the PPT
25, 26, may employ é secondary position transducer (SPT)
32, 33 of the type disclosed and claimed in a commonly
owned copending U.S. application filed on November 13,
1979 by Fairbrother, Serial No. 093,475. Or, if
desired, the elevator system in which the present
invention is practiced may employ inner door zone and
outer door zone hoistway switches of the type known in
the art. .
| The foregoing description of Fig. 1 is intended
to be very general in nature, and to encompass, although
not shown, other system aspects such as shaftway safety
switches and the like, which have not been shown herein
for simplicity, since they are known in the art and not
a part of the invention herein.

All of the functions of the cab itself are directed,
or communicated with, by means of a cab controller 33,
34 in accordance with the present invention, and may

provide serial, time-multiplied communications with the

car controller as well as direct, hard-wired communica-

tions with the car controller by means of the traveling
cables 13, 14. The cab controller, for instance, will
monitor the car call buttons, door open and door close .
bgttons, and other buttons ané switches within the car;
it will control the lighting of buttons to indicate car
calls, and will provide control over the floor indica-
tor inside the car which designates the approaching

floor. The cab controller interfaces with load weighing

P OMPI
N WIPOT
TERN A TIONDY



WO 81/01831 : PCT/US80/01616

10

15

20

25

30

transducers to provide we?ght information used in con-
trolling the motion, operation, and door functions of
the car. The load weighing may be in accordance with
the invention described and claimed in commonly owned
copending patent applications filed on November 28, 1979
by Donofrio, Serial No. (Otis Docket No. 0T-368) and by
Games, Sefial No. (Otis Docket No. 0T-369). A most
significant job of the cab controller 33, 34 is to
control the opening and closing of the door, in accor-
dance with demands therefore under conditions which are
determined to be safe.

The makeup of microcomputer systems, such as may

be used in the implementation of the car controllers

15, 16, a group controller 17, and the cab controllers

33, 34, can be selected readily available components
or families thereof, in accordance with known tech-
nology as described in various commercial and techni-

cal publications. These include "An Introduction to

‘Microcomputers, Volume II, Some Real Products" pub-

lished in 1977 by Adam Osborne and Associates, Inc.,
Berkeley, California, U.S.A., and available from Sydex,
Paris, France; Arrow International, Tokyo, Japan,

- L. A. Varah Ltd., Vancouver, Canada, and Taiwan Foreign

Language Book Publishers Council, Taipei, Taiwan. And,
"Digital Microcomputer Handbook", 1977-1978 Second
Edition, published by Digital Equipment Corporation,
Maynard, Massachusetts, U.S.A. And, Simpson, W. D.,
Luecke, G., Cannon, D. L., and Clemens, D. H., "9900
Family Systems Design and Data Book", 1978, published

by Texas Instruments, Inc., Houston, Texas, U.S.A.
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(U.S8. Library of Congress Catalog No. 78-058005). Sim-~
ilarly, the manner of structuring the software for oper-

ation of such computers may take a variety of known

forms, employing known principles which are set forth .

in a variety of publications. One basic fundamental
treatise is "The Art of Computer Programming®", in seven
volumes, By the Addison-Wesley Publishing Company, Inc.,
Reading, Massachusetts, and Menlo Park, California,
U.S.A.; London, England; and Don Mills, Ontario, Canaaa
(U.S. Library of Congress Catalog No. 67-26020). A more

popular topical publication is "EDN Microprocessor De-

sign Series" published in 1975 by Kahners Publishing Com-

pany (Electronic Division News), Boston, Massachusetts,
U.S.A. And a useful work 1is Peatman, J. B., "Microcom-
puter-Based Design" published in 1977 by McGraw Hill
Book Company (Qorldwide), U.S. Library of Congress
Catalog No. 76-29345.

The software structures for implementing the
present invention, and peripheral features which may be
disclosed herein, may be organized in a wide variety of
fashions. However, utilizing the Texas Instruments
9900 family, and suitable interface modules for working
there with, an elevator control system of the type
illustrated in Fig. 1, with separate controllers for
the cabs, the cars, and the group, has been implemen-
ted utilizing real time interrupts, power on causing a
highest priority interrupt which provides system initi-
alization (above and beyond initiation which may be
regquired in any given function of one of the control-
lers). And, it has employed an executive program which

responds to real time interrupts to perform internal
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program functions and which responds to communication-

initiated interrupts from other controllers in order to
process serial communications with the other control-
lers, through the control register unit function of the
processor. The various routines are called in timed,
interleaved fashion, some routines being called more
frequently than others, in dependence upon the criti-
cality or need for updating the function performed
thereby. Specifically, there is no function relating
to elevatoring which is not disclosed herein that is
not known and easily implemented by those skilled in
the elevator art in the light of the teachings herein,
nor is there any processor function not disclosed
herein which is incapable of implementations using .
techniques known to those skilled in the processing
arts, in the light of the teachings herein.

The invention herein is not concerned with the

- character of any digital processing equipment, nor is

it concerned with the programming of such processor
equipment; the invention is disclosed in terms of an
impiementation which combines the hardware of an eleva-
tor system with suitably-programmed processors to
perform elevator functions, which have never before
been performed. The invention is not related to
performing with microprocessors that which may have in
the past been performed with traditional relay/switch
circuitry nor with hard wired digital modules; the
invention concerns new elevator functions, and the
disclosure herein is simply illustrative_of the beét
mode contemplated for carrying out the invention, but
the invention may also be carried out with other com-
binations-of hardware and software, or by hardware

alone, if desired in any given implementation thereof.
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Referring now to Fig. 2, a cab controller 33 is

illustrated simply, in a very general block form. The
cab controller is based on a microcomputer 1 which may
take any one of a number of well-known forms. For
instance, it may be built up of selected integrated
circuit chips offered by a variety of manufacturers in
related series of integrated circuit chips, such as the
Texas Instruments 9900 Family. Such a microcomputer

1 may typically include a microprocessor (a central
control and arithmetic and logic unit) 2, such as a TMS
9900 with a TIM 9904 clock, random access memory 3,
read only memory 4, an interrupt priority and/or decode
circuit 5, and control circuits, such as address/opera-
tion decodes and the like. The microcomputer 1 is
generally formed by assemblage of chips 2-6 on a board,
with suitable plated or other wiring so as to provide
adquate address, data, and.control busses 7, which
interconnect the chips 2-6 with a plurali;y'of input/
output (I/0) modules of a suitable variety 8-11. The
nature of the I/0 modules 8-ll.depends on the functions
which they are to control. It also depends, in each
case, on the types of interfacing circuitry which may
be utilized outboard therefrom, in controlling or
monitoring the elevator apparatus to which the I/0 is
connected. For instance, the I/0s 8, 9 being connec-

‘ted to car control buttons and lamps 12a and to switches

and indicators 12b may simply comprise buffered input
and buffered output, multiplexer and demultiplexer, and
voltage and/or power conversion and/or isolation so as
to be able to sense car call button-closure and to
drive lamps with a suitable power, whether the power
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is supplied by the I/0 or externally. Similarly, the

I/0 9 may be required to cause a floor warning gong or
an emergency buzzer to sound, to light indicators
indicative of elevator operating mode, and to sense
switches (such as an emergency power switch, or key
switches for express bperation and the like), and to
operate and monitor door motor safety rela&s. On the
other hand, the I/0 10 must either service an amplifier
indicated as part of a door motor 14, or it must

. provide the amplification function. In such case,

the I/0 10 may be specifically designed to be used as
an I/0 for a door motor 14; but if the door motor 14
includes its amplifier and monitoring circuitry, then a
conventional data I/O 10 may be used. Similarly, .an
I/0 11 communicating with multi-functional circuitry
15, including door motor current feedback 16, a door
position transducer 17, cab weight transducers 18, and
a secondary position transducer 19 (which indicates the
position of the car with respect to each floor landing)
may be a general data I/0 device if the functions are
provided for in the circuitry 15, or it may be a
specially-designed I/0 device so as to perform necessary
interfacing functions for the specific apparatus 16-19.
Communication between the cab controller 33 of
Fig. 2 and a car controller (such as car controller 15
i1llustrated in Fig, 1) is by means of the well known
traveling cable 13. However, because of the capability
of the cab controlier 33 and the car controller 15 to
provide a serial data link between themselves, it is
contemplated that serial, time division multiplexed

communication, of the type which has been known in the
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art, will be used between the car and cab controllers.
In such case, the serial communication between the cab
controller 33 and the car controller 15 may be provided
via the communication register unit function of the
TMS-9900 microprocessor integrated circuit chip family,
or equivalent. However, multiplexing to provide serial
communications between the cab controller and the car
controller could be provided in accordance with other
teachings, known to the prioé art, ig desired.

The traveling cable also provides necessary power
to the microcomputer 1 as well as to the door motor 14.
For instance, ordinary 60 hz AC may be supplied to the
microcomputer 1 so that its power supply can provide
integrated circuit and transistor operating voltages to
the various chips within the microcomputer 1, and
separate DC, motor-operating power may be provided to
the door motor 14. Other direct communications, such
as between the secondary position transducer and the
operation controller may be provided by hard-wiring in
the traveling cable. Altﬁough not illustrated herein,
additional wires for safety switches, power, and the
like are also typically provided within the traveling
cable.. The desirability, however, of utilizing serial,
time-division multiplex communications between the cab
controller 33 and the car controller 15 is to reduce to
two, the number of wires which may be necessary to han-
dle as many as 200 discrete bits of information (such
as car direction, request to open the door, car call
registrations for particular floors, and the like). How-
ever, this forms no part of the present invention and

is not described further herein.
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The door opening and closing controls described

herein are capable of being utilized with virtually any
type of elevator door which is desired. 1In order to
understand the conplexities of door operation more
fully, a typical door operator is illustrated in Fig.
3. Therein, a door 1 is shown, partially broken away
at the bottom, in solid lines in a fully closed posi-
tion (to the right in Fig. 3), in heavy dashed lines
in a fully open position (to the left in Fig. 3). The
door is connected to a link 2 by a pivot 3 which in
turn is connected to an arm slider member 4 by a pivot
5. The member 4 has an arm 6 passing there through
such that the member 4 must revolve about a pivot 7 of
the arm 6 as the arm revolves, but the member 4 nay
slide longitudinally along the arm 6, in a well-known
fashion. Tﬁe arm 6 is formed integrally with or con-
nected to an arcuate member 8 to which there is con-
nected a chain 9 affixed thereto at points 10, 11.

The chain 9 engages a sprocket 12 which is driven
through reduction gears 13 by a door motor 14. To open
the door, as depicted in Fig. 3, the motor turns in
the clockwise direction, causing the arcuate member 8
and the arm 6 to similarly rotate in the clockwise
direction about the pivot 7. The arm therefore pulls
on the link 4 driving it to the left or open position,
which in turn drives the link 2 and therefore the door
1 through the pivot 3. As the door moves toward the
open position, the link 2 rotates clockwise about the
pivot 3, and the link 4irotates clockwise about the
pivot 5. At the end of travel, in the fully-open
position, the links 2, 4, and the arm 6 have the
position shown broken away at the left in Fig. 3.
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The necessary conséquence of the conversion of
rotary motion to linear motion, as depicted in Fig. 3,
is that the distance (as in centimeters) of the door
motion per unit angle of revolution (as in degrees) of
the motor 14 varies in dependence upon the actual door
position. For instance, it is evident from Fig. 3
that the maximum door motion per increment of motor
angle will occur when the door is midway between the
open and close position, and will be somewhat less near
the fully—opened or fully-closed positions. This
variation in linkage is accommodated, as described
hereinafter with respect to Figs. 8, 10, 12, and 20,
by means of a map or table of empirically depermined
values of incremental changes in door position for
changes in motor position, as a function of door
position. . ,

When the arm'6 is vertical, its weight creates
no force on the arm slider member; but when it is in
any other position, the weight of the arm 6 affects
door motion. During the first half (approximately) of
travel, the arm aids motion (in either direction), but
it impedes motion during the second half.

The actual door position may be monitored by a
door position transducer 16 which is connected to the
door motor shaft (or on the same shaft) or may be
driven by the door motor in some other suitable fa-
shion, such as a rack and pinion to provide a pair of
phase related (direction'indicating) bits over lines
18 to interface circuitry 19, which includes means to
determine from the relative time of occurrence of the
bits on the lines 18 whether the door is closing or




WO 81/01831

10

15

20

25

30

PCT/US80/01616

| -7 - . |
opening, and thus provide the door closing flag signal

on a line 20, and to sense the number of bits per cycle
as an indication of door velocity and transmitting an
indication thereof as the TRANS bits on lines 21. This
circuitry may take the form of so much of the circuits
described in the aforementioned Masel et al U.S. Patent
Application as is necessary to acquire direction and
count information from a single incremental encoder
with quadrature output. The door position is derived

. by accumulating these bits elséwhere, followed by con-

version from angles of rotation to actual door posi-
tion, all of which is described with respect to Fig.
8, hereinafter.

Although not intended to be én accurate description
of the manner in which the motor may be driven, Fig. 3
illustrates that a door amplifier circuit 22 may be pro-
vided with a digital value of dictated current on a bus
of lines 23 to generate the desired current for the
motor 14. The current is applied to the motor 14 only
1f a pair of safety relays 24, 25 are suitably activa-
ted, as described more fully and claimed in a commonly
owned copending U.S. patent application filed on even
date herewith by Doane, Deric and Roberts, Serial
No. (Otis Docket No. 0T-378). And a sensing resistor or
the like 26 may provide a motor amplifier feedback
current value on a line 31 to the cab controller 33.
More specifically, the safety relay 24 is actuated by
the door control routines when no faults or failures
are detected by the self health subroutines. Actuating
the relay 24 connects a circuit 27 with the amplifier
22. On the other hand, if the relay 24 is disenergized
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(as shbwn), it will connect the circuit 27 to a grounded
resistor 28 which provides dynamic braking to the door
motor, in the fashion long known in the art. The relay
25 is controlled by the operation controller, in the
car controller, and is activated when the car controller
determines that operation of the door should be left in
the hands of the cab controller. But if the car
controller senses that operation of the motor should
absolutely be inhibited, or vetoed, then the relay 25
will be disenergized (as shown) so as to prevent the
amplifier 22 from providing current to the motor 14.
And, when in the disenergized state, the motor 14 is
connected by means of a direct circuit 29 to the
machine room to facilitate control of the motor by
maintenance personnel directly from the machine room,
such as to effect an emergency evacuation from an
elevator cab. A specific condition that would cause
the operation controller to disenergize the relay
25 is loss of motive power, with passengers in the
elevator, and an inability to force the door open
through normal logical control.

Referring now to Fig. 4, a time-controlled

velocity profile, in accordance with the invention

herein, to provide maximum door operating speed
consistent with safety constraints and smoothness of
door operation, for the case of the door opening

from a fully-closed position to achieve a fully-open
position, is illustrated with respect to acceleration,
velocfty, and position of the door on a common time

time base. The configurations in Fig. 4 are relative
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and quaiitative, but d6 reflect in a meaningful way an
opening door velocity profile which has been acnleved
practicing such invention.

The profile is controlled in part by desired
acceleration and rates of change of acceleration, and
in part by desired beginning, maximum, and ending
velocities. 1In addition, the profile is controlled in
part by position, insofar as changing from acceleration
to deceleration along the profile is concerned.

Specifically, the door is initially fully closed
and its position is therefore zero. During the first
centimeter or so-of operation, the cab door will be
moving by itself; but at a position of about 2.5 centi-
meters from being fully closed, it will engage the
hoistway door and pull the hoistway door open along
with itself. This position is designated herein as P

HOIST. Between being fully closed and picking up the

hoistway door, the velocity profile is commanded by a
fixed, relatlvely small velocity called Vv HOIST This
velocity is dictated without regard to any accelera-
tion, and prior to the commencement of the accelera-~
tion~control over the accelérating portion of the
velocity profile.

As soon as P HOIST is reached at a fixed velocity
of V HOIST, the acceleration mode beginé by piecewise

integration of desired changes in acceleration per

cycle, which is essentially a factor of positive jerk
{jerk being the third derivative, or rate of change
with time of distance, as is well known). For each
cycle, the accleration which has been accumulated has
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added to it another increment of +A SLOPE, which con-
tinues until the maximum desired acceleration is
reached; integration continues, but the acceleration
is clamped at A MAX. Thereafter, the velocity has a
linear increasé with no change in acceleration until a
point called V MID is reached. This is a point which
is calculated during each profile from the desired V
MAX to determine the velocity at which the acceleration
should be diminished from maximum toward zero so that
the desired maximum velocity will be achieved with zero
acceleration. Then, in successive cycles, the accelera-
tion is diminished by the —A SLOPE value of desired
decrease in acceleration per cycle (a negative value of
jerk) until such time as V MAX is reached. The-profile,
however, is controlled by the achievement of V MAX, .
even if the acceleration has not integrated to zero by
the time V MAX is reached; and, as in the case described
hereinbefore, the negative acceleration slope values
will continue to be integrated, and clamped at zero,
but will always be irrelevant since the velocity is
limited at V MAX. _

The profile of Fig. 4 fﬁen continues at maximum
velocity with zero acceleration until a point is reached
called P DECL, a point which has empirically been de-
termined to be a desired point for starting decelera-
tion of the door. At this point, incremental values of
deceleration per cycle (-D SLOPE) are accumulated in
piecewise integration fashion so as to cause the door
to decelerate to a maximum deceleration, at which time
the deceleration value is limited to D MAX so that the
door velocity decreases linequy. This continues until
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a velocity, called V END, is reached, which velocity

has been calculated in the same fashion as V MID to
determine the point where a diminishing deceleration
should commerce (+D SLOPE) so that the deceleration
will reach zero at the time the velocity has reached a
desired final or bench velocity of a small magnitude
which is referred to herein as Vv BENCH. The manner of
establishing all the variables which may be selected in
advance of generating a time-controlled velocity pro-
file is described with respect to Fig. 14 hereinafter.
In accordance with one aspect of the invention (described
and claimed in a commonly owned, copending patent U.S.
application filed on even date herewith by Hmelovsky, and
Games Sefial No. (Otis Docket No. OT-381), a method of
varying these parameters is described with respect to
Fig. 15. The actual profile generation is described
with respect to Figs. 16 and.18, hereinafter.

A closing velocity profile has not been shown;

however it would commence at the fully-open position,

with zero velocity, since the hoistway door is already

engaged by the car door when the doors are fully open.
The position in such case starts out at maximum, and
decreases to zero, or closed. The profile is con-
trolled by first a +A SLOPE, then A MAX, then a -aA
SLOPE, then V MAX, then a -D SLOPE, D MAX, and a +D
SLOPE which will yield to a V BENCH, as described with
respect to Fig. 4 above. 1In each of these cases,
however, the direction and therefore the velocity and
the acceleration are inverse from what they would be
during an opening profile, in terms of actual door
motor current.polarity. However, the principals-are
the same as described with respect door opening,
above.
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A position-controlled velocity in accordance with
the invention described and claimed in a commonly owned
copending U.S. patent application filed on even date here-
with by Shung and Deric, Serial No. (Otis Docket No.
0T-375) is illustrated in Fig. 5. Therein, a door
velocity profile, for the opening direction, which is
controlled principally by position, is shown. This
profile is characterized by four different controlling
regions. First, maximum acceleration is used to
increase the velocity (Vt) from zero, by piecewise
integration of the present velocity plus maximum
acceleration (expressed as the desired maximum rate of
change of velocity per cycle). This continues until
the desired maximum velocity is réached, after which
the velocity is clamped at the maximum velocity. The
integration of velocity may continue, but the result is
ignored due to the clamping at V MAX. Throughout all
this time, a second velocity, referred to herein as Vp,
is being calculated; this is a velocity that will
smoothly bring the door to a desired bench velocity at
a desired target position. It is simply some constant
times the remaining distance. When this calculated
velocity equals the time-controlled velocity (Vt), this
takes over in controlling the profile. 1In a typical
case, this will occur at V MAX, at some position
away from the target position, where Vp = V MAX. But
if there is a door reversal or a removed stall condi--
tion or the like, it is always possible that the door
will not be able to achieve V MAX before it must begin
decelerating in order to reach the desired bench
velocity at the appropriate position (target). This is
illustrated in Fig. 5 by the heavy dash lines identified
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with the legend "After Stall". And, with the indicated

present position forced to the target position, a slow,
bench velocity can be achieved for the entire door
motion, if desired for safety reasons.

As is described more fully hereinafter, this door
velocity profile may be used in conjunction with the
time~controlled velocity profile described hereinbefore
with respect to Fig. 4, according to the invention des-
cribed more and claimed in a commonly owned copending

.U.S. patent application filed on even date herewith by

Hmelovsky and Games, Serial No. (Otis Docket No. 0T-382).
As illustrated in Fig. 6, a complete door control
routine will consist of many subroutines to determine
operating conditions, such as the position of the car
with respect to a landing, commands to open and close
the door, the health of various transducers, door.
reversal devices, and the like, to determine whether
the door should be open, opening, closed, or closing,
and if door motion is reguired, to determine.whether it
should be done at a slow final velocity, in aécordance
with a velocity profile that is position controlled, or
if it should be accomplishedlwith a principally time-
controlled velocity profile. 2and, when the door is

impeded or against its open or closed stops, the nature

of stall current which should be dictated to the door
motor. Various other features are performed in the
enhancement of door motor operation, as is described
more particularly hereinafter.

The door control routine may be entered from the
executive program based upon real time interrupts
decoded to the frequency that is required of the door
control program, such as about every 16 milliseconds.
The program is reached through an entry point 1, and
the first subroutine therein 2 is referred to as auto-

nomous mode, which provides for sensing a failure of
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communication between the cab controller and the car

controller, and, when stopped at a landing, opening and
closing the doors while turning the lights on and off
and sounding a buzzer to frighten the passengers off
the car which is described more fully and claimed in a
commonly owned copending U.S. patent application filed
on even date herewith by Deric, Serial No. (0Otis Docket
No. 0T-376). In a safety check subroutine 3, various
factors which can control the safe response to door
motion commands are taken into account (such as the car
being close to a landing) to permit commanded door
operation only when safe, and to force safe door
conditions when necessary which is as described more
fully and claimed in said application herewith of 7
Doane, Deric and Roberts. 1In an initiation subroutine
4, specific door initialization during a power on reset
are made, and various conditions are established during
normal operations at the start of each pas§ through the
door control routine so as to control the functioning
thereof. . -

"~ In a door position/velocity subroutine 5, the door
motion transducer increments are monitored and conver-
ted to linear door position and velocity factors, as
well as providing a linkage ratio as a function of door
position for use in door motor compensation and current
calculations. In a door direction subroutine 6, comman-
ded door direction and reversal requests are processed.
A compensation subroutine 7 provides motor current
compensation components to take into account the weight
of the door actuator arm, friction, and the force of
the hoistway door spirator or spring which is described

more fully and claimed in a commonly owned copending
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u.s. patent application filed on even date herewith by

Hmelovsky, Serial No. (Otis Docket No. 0T-384).

Determination of whether stall current should be
dictated to the motor or a velocity profile should be
dictated to the door motor is accommodated in a veloc~
ity/stall subroutine 8. Stall current is dictated to
the door motor in a stall dictation subroutine 8, which
is as described more fully and claimed in a commonly

owned copending U.S. patent application filed on even

. date herewith by Hmelovsky, Serial No. (Otis Docket No.

0T-383) when stall is indicated by the subroutine 8,
and motor current is outputted by a subroutine 9a.
Otherwise, the factors for a position-controlled
velocity profile may be selected, in accordance with
the invention herein, in a position-controlled profile
select subroutine 10 or the factors for a time-controlled
velocity profile may be selected in a time-controlled
profile selection subroutine 11. These are factors
such as the maximum acceleration and velocity, final
velocity, and conditions for changing from one accel-
eration or rate of acceleratlon to another as the door
is moved. '

Selection of suitable acceleration and velocity
factors is performed in a subroutine 12, a position-
controlled velocity is dictated in a subroutine 13, and
dictated velocity as well as the variance between actual
and dicated velocity are érovided in a Subroutine 14.
Actual current is calculated and modified in accordance
with specific conditions in the dynamic compensation
subroutine 15 and outputted in the subroutine 9a, which
completes the door control program.

The door control program of Fig. DO may return

to the executive through a transfer point 16 and then
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a door health routine 17, including a safety relay sub-

routine 18, monitors certain conditions indicative of
the health of the door operation function, and sets
and monitors safety relays that may absolutely inhibit
the car motion or door motion in dependence upon the
safety conditions of the subroutine 17 or in dependence
upon conditions in the operation controller. Normally,
the door health subroutine 17, 18 will be performed '
following the door control routine, in each case. Com-
pletion of all of the door control functions will cause
return to the executive program through a transfer point
19. _ | |

Referring now to Fig. 7, the door control routine
and the initiation subroutine is entered through an
entry point 1. 1In test 2, any one of three different
errors relating to the door amplifier, the transducer
sum or excessive initiation time will cause the door
control routine to be bypassed through a return point
3. The indications of these errors are 21l generated
in a door health subroutine described with respect to
the aforemention application of Doane, Deric and Roberts.
But if this test fails, indicating that there is no
error, a test 4 determines whether there is a partial
initiation in progress. 1If not, a test 5 determines
whether initiation is requested (which occurs during
power up, as is described hereinbefore). It there is
an initiation request, a step 6 establishes that a
position-controlled velocity profile should be utilized
rather than a time—controlled.velocity profile. Then,
in a step 7, a command to close the doors is made,
thus ensuring that the doors will remain ciosed if they
are, or causing the direction to be toward closing if
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they are not fully closed at starf—up. And, in step 8,.
the transducer sum (the accumulation of door position
transducer bits) is set to zero, so that the position
controlled velocity (step 6), in the closing direction
(step 7) will be at the nearly-closed bench velocity
(very slow, such as 4 cm/s, and therefore yill be safe,
regardless of original door position and/or transducer
setting. With these tasks complete, that fact is
indicated by setting a final initialization flag in
step 9. ' '

In the next pass through the subroutine of Fig.
7, test 4 will determine that the final initiation 7
flag has been set, and will cause step 10 to determine
if the door is fully closed, the command is to close
the door, and the current dictation to the motor has
been a stall dictation for the last .8 of a second.
The door fully closed indication tested in step 10 is
provided by a switch which can be activated to indi-
cate door closure only within about a centimeter of
full door closure. If these criteria have not been
met, then this indicates that the door is not fully
closed, and initiation cannot be deemed to be com-
plete; therefore, in the next subsequent cycle, this
same test 10 will be made once again, and so forth.
Eventually, the door will be closed with a closure
command and stall force will be dictated to the motor
for .8 of a second. Thereafter, test 10 will be
positive and this will be an indication of the end of
door control initiation so that the initiation request
flag is reset in step 11, and having finalized initia-
tion, the final initiation flag is reset in step 12.
On the next pass through the door control routine, step
2 will be negative, step 4 will be negative, and step

5 will be negative, reaching a normal {noninitiating)
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portion of the subroutine, which commences with test

13. If this test is affirmative, it indicates that the
door is commanded to be open (and thus will stay open),
it is fully open, and there has been stall current
dictated to the door (maintaining the door open) for'at
least .5 seconds. Under this condition, it is known
that the count in the transducer should be a maximum
count. This is the count which is accumulated in a

counter realted to the door transducer as described

- with respect to Fig. 3 hereinbefore. Therefore, an

affirmative result from test 13 will set a transducer
full flag in step 14, which may be utilized in the door
health subroutine, described in the aforementioned
application of Doane, Deric and Roberts, to determine
if the maximum transducer count is reasonable. But if
step 13 determines that the door is not fully open,
test 15 will determine if the doors have been fully
closed, without any command to open, and with dictated
stall current for the past .5 seconds. If so, this
guarantees that the door is fully closed and therefore
at a zero position, which fact is registered by setting
a position zero flag in step 16. But if tests 13 and
15 determine that the door is neither fully open nor
fully closed, this fact is registered by step 17
resetting the transducer full flag (which will naturally
occur after the doors have been fully opened but begin
to close). In each non-initiating door control routine
in which tests 13 or 15 are affirmative, step 18 resets
the position-controlled velocity flag because the door
may have been driven to the fully open or closed
position by a position-controlled velocity profile as a
result of reversal or blockage; but, now that the full
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open or closed position has been reached, the preferred
time control profile should be used for the next door
excursion. Step 19 ensures that the value of acceler-
ation (an integrated value) to be used in dictating the
door velocity begins at zero, each time a new door
motion profile is generated after the door is fully
open or closed. ©Step 20 resets a high force flag
(which is explained with respect to Fig. 20, hereinafter),

because high force could have caused the door to become

fully open or closed, but the subsequent motion of the
door should be achieved with a normal profile, if
possible. And step 21 resets a profile direction flag,
which monitors direction change during a door velecity
profile, as described with respect to Fig. 9, herein-
after. 1In each pass through the initiation subroutine,
the door control program advances to the door position/
velocity subroutine through a transfer point 22.

‘The door position/velocity subroutine of Fig. 8
is entered'through a transfer point 1, and a test 2
determines 1f the door has been fully closed by test-
ing the position zero flag (set in step 16, Fig. 7);
if so, the flag is reset in step 3 (thus ensuring that
this is only gone through one time) and the transducer
sum is set to zero in step 4. This is the manner of
initializing the door position to zero when it is
closed. On subsequent normal passes after the door ié
commanded to open, test 15 (Fig. 7) will fail so step
16 (Fig. 7) will not set the position zero flag, so
test 2 will fail. 1In such cases, test 5 determines if
the door motor direction is such as to provide closing
of the door, or not. This is determined by testing a
door closing flag, which is generated as described
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hereinbefore (Fig. 3) with respect to the phase-oriented

bits of the door transducer. If the doqr is closing,
the transducer summation (TRANS SUM) is reduced in

step 6 by the increment in transducer count since the °
last cycle (TRANS), but if test 5 is negative, indicat-
ing that the door is opening, the transducer sum is
increased in step 7 by the increment from Ehe trans-
ducer. And, in such case, the transducer sum is tested
to see if it is excessive (such as in excess of 71,000
increments) in test 8, and if it is, a transducer sum
excess flag is set in step 9 the health routine 17
(Fig. 6). Had the door been closing, test 10 would
determine whether a negative sum had been reached, and
if so, step 4 would restore it to zero. 1In the case of °
failure of step 8 or step 10, no clamping or flagging
occurs. In any case, the door position/velocity
subroutine continues. .

In Fig. 8, the accumulatea transducer sum (which
increases from zero on opening, and decreases from a
near-maximum amount to zero on closing) is converted to
a door position, given in a2 lineal measurement such as
fractions of a meter, by first finding, in. step 11, the
point where the particular current transducer sum falls
equal to or between the incremental arguments of a table
of door positions as a function of discrete transducer
sums. Then, in step 12, a slope (Mp) of position as
a function of transducer sum is determined by subtract-
ing the position (N) corresponding to the lower argu-
ment determined in step 11 from the position (N+1l) cor-
responding to the higher argument determined in step 11.
In step 13, the actual position is determined by taking
the lower position and adding to it the slope of the
table times the difference between the actual trans—

ducer sum and the lower argument of the table determined
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in step 11. in other words, steps 11 through 13 com-
prise an operation well known as a linear interpreta-
tion, discrete table lookup, where the slope of inter-
polation 1i1s determined by the discrete values of the
table, rather than being already provided. This re-
quires additional calculation, but saves considerable
storage space in the table, particularly where the
table may have thousands of arguments as in the present
case. In addition, the slope (Mp) determined in step 3
is used in several other calculations described with
respect to Figs. 10 and 12 to accommodate the fact that
the ratio of motor motion to door motion changes as the
elbow-linkage flexes (that is, pivots), to a greater
or, lessor extent, depending on door position, such
door position being indicated by the slope (the rate of
change of door position for a given increment of
angular position of the motor). )

With the positional slope determined in step 12,
step 14 can compute velocity by knowing the transducer
increment, and the relative change in position'per
transducer increment (the slope Mp), and an empiri-
cally determined positional constant Kp which relates
the incremental transducer bits, the door linkage as
indicated by the slope Mp and,the granularity (or
binary bit value) of these factors, to determine a door
velocity. Then, test 15 determines whether the door
motor direction indicates that the door is closing,
which means that the position and velocity are there-
fore decreasing, and if so, provides a minus sign by
2's-complementing the door velocity value in step 15.
If not, the sign is left positive following test 15.
Then, the door direction subroutine is reached by
transfer point 17 in Fig. 8 which corresponds to entry
point 1 in Fig. 9.
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Referring now to Fig. 9, the door direction
subroutine begins with a test 2 to determine if an
initiation request is outstanding. 1If it is, the
subroutine is bypassed to the profile direction change
detection portion of the subroutine. But after initi-
ation is completed, each normal running of the door
control pfogram will pass through test 2 to a test 3
which determines whether the operation controller
and/or the safety check subroutine 3 of Fig. 6 have
indicated that nudge is to occur (which is low force
current dictation ana no door reversals). If nudge is
indicated by step 3, the subroutine of Fig. 9 jumps
ahead to initially ensure that door reversal operations
will not occur (by steps 24-26 described hereinafter),
or if a door reversal is already in progress when safety
nudge is indicated (such as because the car is slipping
away from the floof) the affirmative result of test 3
will cause steps 24-26 to close the door without wait-
ing for the logic and door motion to complete-a door
reversal, thereby closing the doors rapidly enough
to avoid passenger injury as a consequence of car
motion or as a result of the car being away from the
inner door zone.

If test 3 is negative, then a step 4 will register
a reverse request if reverse'request l is present with-
out an inhibit therefore, of if reversé reguest 2 is
present without an inhibit therefore, provided iﬁ each
case that reversals have not been prevented by the
operation controller or the safety checks subroutine,
as indicated by the not safety nudge test 2. Reverse
request 1 might be set in response to closing the door
safety shoe switches; reverse request 2 might be set
in response to breaking a door safety light beam;

or one of them may respond to a proximity sensor.
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In test 5, a reverse door command flaéris tested;
since this is set by portions of the subroutine which
are reached by a negative result, it must always yield

a negative result in a first pass, whether door rever-

‘sal is requested or not. This, therefore, always leads

to a test 6 which determines if the commanded door
direction is open. If opening, no reversal is needed.
A negative result of test 6 indicates that the door is
not opening and reaches test 7, which determines if the
car is in the inner door zone, the door is not fully
closed, the door direction commanded is closing, but
the door open button inside the cab has been pressed;
This is a late request for door opening by a passenger,
and is processed in step 7 since there is insufficient
time to pass the request to the operation controller,
have it processed and returned in the form of a door
open demand, before the permissible conditions for open-
ing the door could disappear. This feature allows very
fast and dynamic response to door open requests from-
within the cab. If the result of test 7 is affirma-
tive, it is treated as a reversal request (in the same
fashion as a reversal request generated in step 4,
above). CIf it is negative, a step 8 will test for a
regular reversal request, and an affirmative result
from either of them will lead to step 9. Step 9 sets"
the reverse door command bit which was previously
tested in test 5, step 10 registers the actual door
position at the current moment as being the position
where reversal is requested: this is used at a later
point in the door direction subroutine of Fig. 9
(described hereinafter) to determine whether the

reversal has occurred within a desired distance. And
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a reverse opening flag, indicative éf the opening phase
of a door reversal, is set into its negative state in
step 11. Step 1l completes the registration of a re-
quest for door reversal as such. Door reversal neces-
sarily happens only if the door is closing when it
is desired to have the door open. The first step in
that process therefore is to stop the closing door from
travel in the negative direction before allowing the
door to begin travel in the positive direction. There-
fore, a command to actually open the door cannot be
issued until the door is either stopped, (no longer
closing) or very nearly so. The door becomes stopped
from motor current dictated in response to the reverse
door command, as described with respect to Fig. 19,
hereinafter. In test 12, this condition is initially
monitored. If the velocity is more positive than 1.3
centimeters per second in a negative direction, that
means it is very close to zero or is actually opening
(which can't occur in this circumstance), so that an
open door command bit can be set in step 13, 1In the
normal case, however, the pass through step 12 is
likely to be negative so that step 14 will ensure that
the open door command bit is reset.

On a second pass through the door direction sub-
routine of Fig. 9, when there is a need to reverse
the door, test 5 will be affirmative since the reverse
door command flag was previously set in step 9. This
will lead to test 15 which must be negative on the
first pass through it since the reverse opening bit
being tested therein can be set only in a portion of
the subroutine reached by a negative response to test
15. This therefore reaches test 16 in which the door
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velocity is again interrogated, in the same fashion as
in test 12, to determine if the door is stopped, or
very nearly stopped. If the door has not yet stopped
(which is likely to be the case in a first pass through
step 16), then test 17 is reached to determine whether
the door has taken a distance greater than about five
centimeters to stop. This is computed by comparing the
reverse position, which was established in step 10,
less five centimeters, with the present door position.
If the door has gone more than five centimeters as
indicated in step 17, and step 16 indicates the door
is not yet virtually stopped, then a reverse distance
error flag is set in step 18. 1In the present embodiment,
the reverse distance error is not used to govern further
control of the door operation, but simply establisheé,
for maintenance personnel, that the door is taking too
long -to come to'a stop during a reversal;-this could
lead tb analysis of faulty reverse current dictations
and the like, and help to ensure more efficient elevator

'ope;ation. In most passes through step 17, however,

the five centimeter distance will not have been ex-
ceeded.

During normal door reversal, subsequent passes
through the door direction subroutine of Fig. 9 will
pass through tests 2, 5 and 15 to reach test 16, when
ultimately the door will become essentially stopped so
that test 16 will yield an affirmative result. This
begins the second phase of a door reversal which is to
commence the opening. When test 16 is affirmative,
step 19 sets a reverse opening flag and step 20 issues
the actual working command to open the door. .Note, in

retrospecﬁ, that the open door command is the actual
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command which causes the door to in fact be opened.
The open ddor command is generated in normal, nonrever-
sal situations in response to the safety door open
demand, as described with respect to this subroutine,
below.

In subsequent passes through the door direction
subroutine in Fig. 9, test 2 and test 5 lead to test
15. Since the reverse opening flag has been set in'
step 19, test 15 will thereafter be affirmative, lead-
ing to test 21. Test 21 assumes that the embodiment
of the invention may have an optional feature which
allows limited door reversals, so that reversal only
continues while the reversal request (respectively
corresponding to reverse request 1 and reverse request
2 in step 4) are continued to be made by the reversing

- device. If that is the case, then test 21 will lead to

a test 22 to determine if the reverse request is still

outstanding. If it.is, then the reversal process is

"simply continued by passing through the subroutine.

But once that reverse request has ended, then the

revérsal is deemed to be complete as is described

more fully hereinafter. '

' If there i1s no limited reversal feature so that any
reverse request must result in a full door reversal, then
test 21 is negative and leads to test 23. Test 23 deter-
mines whether the door has been fully open for one second,
or not. If it has, then the reversal process is complete.
Either the negative of test 22 or the affirmative of test
23, indicating completion of the reversal process, will
lead to step 24 where the reverse door command is reset,
the open door command reverts to control by the safety

checks subroutine (and/or the operation controller) in
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step 25, and the reverse acceleration flag (which is set
in the select acceleration and velocity subroutine de-
scribed with respect to Fig. 14 hereinafter, is reset in
step 26. Exiting from step 26 completes a door reversal.

Assuming no reverse request or late door open buttons
occur, or whenever the door is opening, subsequent passes
through the door control routine will cause the door
direction subroutine of Fig. 9 to pass through test 2
negatively, step 4 with a reverse request set to zero,
step 5 negatively, to step 6. 1In step 6, in any case
where the door is opening, there is no need to create a
reversal, so the non-reversing situation is maintained by
passing through the end-of-reversal steps, 24-26, to ensure
that there is no reverse door command, the door open com-
mand is under safety and/or operational control, and there
1s no reverse acceleration flag. On the other hand, when
the door is not opening, and there is no reversal request,
test 6 will be negative, test 7 will be negative, and test '
8 will be negative, so that the same three steps 24-26 are
performed to ensure non-reversing situation.

"~ In the normal case, the door is either commanded
to open or it is not commanded to open. When it is
commanded to open in the normal case, it is because the
operation control has sent down a door open Gemand.
The safety checks subroutine (3, Fig. 6) is utilized in
the normal case to cause the safety door oper demand to
follow the door open demand and step 25 of the door
direction subroutine of Fig. 9, causes the ozen door
command itself to follow the safety door oper demand.
Thus, the open door command is caused to follow the door
open demand of the operation controller when the safety
check subroutine allows it to do so. If the open door
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command is set,‘an openin;%ﬂirection is indicated; if
it is not set, a closing direction is indicated. 1In
practice, the open door command is set to zero to cause
the doors to close, when they are open and it now
5 becomes time to close; and it is set to zero all the
time that the doors are closed and the car is in
motion or is parked, in the well known fashion common
to elevators of the prior art.
At the bottom of Fig: 9, a portion of the door
10 . direction subroutine tests for the case where door
"motion has been commanded in one direction, and before
that command is cbmpleted, a command is received to
alter the direction of the door. &an example of when
this could occur is during independent service. When
15 the independent service key is on, the door is manu-
ally opened by depressing the door open button, and is
closed if the button is released before the door. is
fully opened. Thus, if an operator presses the door
open button in the cab, and releases it after the
20 opening operation commences, the absence of the door
open button befng pressed will be communicated to the
operation controller, which will convert the operation
controller's door open demand to a not door open de-
mand, ultimately causing ‘the not open door command to
25 be generated in Fig. 9 as described hereinbefore. In
such a case, there is no knowledge of where the door is
when this occurs, so door motion in the new direction
must be controlled at a safe velocity in every case,
In the bottom of Fig. 9, a test 27 determines whether
30 the door command is the same in this pass through Fig.
9 as it was in a previous pass through Fig. 9. 1If it
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is, the ‘door control program transfers to the compensa-

tion subroutine of Fig. 10 through a transfer point 28.
But if the commanded door direction has changed, step
27 will be negative and a Step 29 will test the profile
direction flag, which is always set to zero during nor-
mal initiation of Fig. 7 when the door is either fully
open or fully closed, and therefore known fo be before
the start of a profile. The start of a profile results
from the door being fully open and a change from open

. door command to not open door commangd (close), or from

being fully closed and a change from not open door com-
mand (close) to open door command. Once a profile is
started, step 21 of Fig. 7 will no longer be reached
because the door is neither fully open nor fully
closed. Whichever direction a door profile is being
commanded, once ‘the profile has begun, test 27

(Fig. 9) will cause test 29 to be reached'and to fail,
thus setting the profile direction flag in step 30.

And after setting the profile direction flag, a step 31
will cause the last door command.to edqual the present
open door commmand (regardless of whether it is

a one, indicating the opening direction or a zero
indicating the closing direqtion).. The setting of the
flag and equalizing the last command to the present one
(steps 30 and 31), establishes the direction of door
motion for subsequent determination of direction change
before completing a traverse to the opposite stops
(fully open or closed). In subsequent passes through
the door direction subroutine of Fig. 9, if the door
direction is changed, step 29 will be affirmative and
steps 32 and 33 will call for position controllegd
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velocity and will reestablish acceleration at zero to

permit starting a new piecewise integration thereof, or
set it to a new value). This will cause a position-
controlled velocity profile, of the type indicated in
Fig. 5, to be performed in the new door direction,

This profile need not be limited to bench velocity as
is the case during initiation, since the position
transducer data can be relied upon to cause the profile
to ease gently into the fully open or fully closed
target position as a function of the velocity being
dicated by the distance remaining to go, which is
described more fully hereinafter.

The compensation subroutine of Fig. 10 is reached
from transfer point 28 in Fig. 9 which corresponds to
transfer point 1 in Fig. 10. The compensation subrou-
tine begins with a test 2 to determine door direction
to generate a friction compensation factor in stép 3 or
4, respectively, which will provide additional force in
the direction of door travel (that is positive for the
door opening and negative for the door closing). The
frictional force can be determined empirically simply
by causing door motion, when it is in a loose condition,
with a suitable force scale, or by generating trial
compensations to determine those that eliminate dynamic
friction factors from the door behavior which results
from dictated currents. The frictional force is
multiplied by the same constant D as is used in any
case herein to relate force to current, D being equal
to a linkage constant (K1) that relates the door motor
to nominal door position, the slope (Mp) of door motor
angular position to door position relationship as
described with respect to the door position/velocity
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subroutine of Fig. 8 hereinbefore, divided by the
Product of the torque constant (Kt) and efficiency (E)
of the door motor.
In the compensation subroutine of Fig. 10, com-

5 pensation is also provided for the hoistway door clos-
ing spirator or spring. Whether the door is opening or
closing, corresponding tests 5, 6 determine if the door
position is greater than an empirically determined
spring position: that is, if the door is open suffi-~

10 ciently so as to be engaged with the hoistway doors and
to be flexing the spirator (that tends to keep the
hoistway doors closed when the cab doors are not engag-
ing them). However, this position may be different
when the door is opening than it is when the door is

15  closing, so Separate opening spring position and
closing spring position tests must be done in tests 5
and 6. In either case, however, compensation is
generated in step 7 which provides a spring force times
the constant D as described herelnbefore, whlch in the

20 case of the door opening is added to the previous com-
pensation since the spring also works against door
opening, but in the case of'the door closing is subtrac-—
ted from the compensation previously generated (which
1s negative) so this is achieved by similarly adding '

25  this factor to the negative compensation in step 7.

The compensation factor is in terms of current, and
is added into the dictated current at the end of the
dynamic compensation subroutine, as is described with
respect to Fig. 20 hereinafter.

30 The subroutine of Fig. 10 then provides compen-
sation for the weight of the door actuating arm (7,

Fig. 3, hereinbefore), since the weight of the arm,
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when it is in a high angular position, such as in the

fully-opened or fully-closed position, may provide
sufficient force to the door to be equivalent to on the
order of 3.5 kilograms; yet when the door is half

open, so that the arm is essentially vertical, the
force imposed on the door by the weight of the arm is
zero., This, of course, varies from*doo: tS door and is
a more pronounced problem for large doors having large

arms then it is for doors with small runs having

. shorter arms. And, it can be eliminated where the door

actuating mechanism does not provide any such force;
similarly, if such a force is constant, it may be
accommodated along with the frictional force, as
described hereinbefore.

In the subroutine of Fig. 10, compensation for
the weight of the arm is calculated in a step 8 as a
function of a nominal arm force which is empirically
determined to be applied to the door, times the factor
D described hereinbefore, times a function of position,
which is rendered correct for either a fully-opened or
fully-closed position, or any point in between, by
taking half the maximum door position, subtracting door
position from it, and dividing by half the maximum door
position. Thus, in a one meter wide, double door, in
which one of the doors is moved by the door operator,
and the other door is moved by mechanical linkage con-
nected to the first door, each door has a fully opened,
maximum door position which is one half meter from the
fully-closed position. 1In such a case, the positienal
factor of step 22 for a fully-closed door would be one
half meter divided by two (which is one guarter of a
meter), minus zero (fully closed), divided one half
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meter divided by two (which is one quarter of a meter),
yiélding a total positional factor of plus one. Aand
when the door is fully opened, the calculation would
amount to a quarter of a meter minus a half a meter
divided by a quarter of a meter which yields a posi-
tional factor of minus one. Thus, the compensation is
automatically corrected for, the sign depending upon
which side of vertical the door arm is in, as is
illustrated in Fig. 3. And, this arm compenéation
factor is the same regardless of direction of door

motion, being dependent only upon door position rela-

. tive to the half-open position. Although the actual

effect on the door is slightly sinusoidal with respect
to door position, it is sufficiently close to linear so
that this compensation reduces the effect of the door
arm weight to a trivial amount. 1In a step 9, the arm
compensation is added to the compensation provided in
steps 3, 4, and/or 7. And the door control program
then proceeds to the velocity/stall subroutige through
transfer point 10. '

- The velocity/stall subroutine illustrated in Fig. 11
determines whether the door control should dictate a stall
current to the door, such as when the door is being nudged
against a blockage, or when if is fully opened or fully
closed against stops (to maintain the door in that posi-
tion with a suitable force, even though no door motion is
possible). That is to say, current will be supplied to
the motor so that the motor attempts to drive the door
further against the blockage, but the motor does not turn
at all, and the door does not move, except when the
direction of stall current is reversed. Or, in the al-

ternative, the velocity/stall subroutine of Fig. 11
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may determine that a normal (time controlled) door
opening or door closing can be performed, which can
only occur when the doors are initially fully closed or

fully open, respectively. Or, the subroutine may

~determine that a position-controlled velocity profile

should be employed due to the fact that the door
position is not known, or other conditions‘prevent the
assumption that a full, fast door opening or closing
should occur, as is described more fully below.
The velocity/stall subroutine is reached through
an entry point 1 in Fig. 11, which corresponds to the
transfer pdint 10 at the bottom of Fig. 9, and begins
with a test 2 to determine simply which door direction
is involved. If test 2 is affirmative, the door is
open, to be opened or opening; but if test 2 is negative,
the door is closed, to be closed or closing. Assuming
the door direction is open, test 3 will determine if
the door is traveling faster than about 1.3 centimeter
per second. in the positive direction: 1if not, the dbor is
nearly stopped and therefore is nearly open; but if test 3
is éffirmative, the door is still within its higher speed
range of its opening profile. This is indicated by the
legends on either side of test 3 in Fig. 11. 1If test 3 is
negative, meaning the door is very nearly fully open, then
test 4 will determine whether the door is fully open or
not. If so, then stall dictation of motor current is
indicated, and the door control routine will advance
through a transfer point 5 to the stall dictation subrou-
tine described hereinafter with respect to Fig. 12. ‘
In a similar fashion, if test 2 of Fig. 11 indi-
cates the absence of the open door command, then the

door direction is close, and test 6 will determine if




W0 81/01831 PCT/US80/01616

the door speed is more nes:tive than about -1.3 centi-
meters per second and if S0, an affirmative test result
indicates that the door is closing; but if not, this
means the negative velocity is very slight so that the
5 doors are either closed or nearly so. Then, a test 7
determines if the doors are indicated as fully closed
by the door fully closed switch, If so, skall dictation
.1s effected through the transfer point s,
If either test 4 or 7 is negative, when the doors
10 . are nearly closed or open, then a test 8 will determine
1f the last cycle was a stall cycle (that is, was the
current dictation to the motor in the previous pass
through the door control routine dictated for stall or
not). 1If it was, this indicates that the door is being
15 finally opened, or finally closed, with stall dictation,
and this will be continued until the full open or full
closed condition is reached. But if not, then a test g
is performed to see if, with the door nearly open of
nearly closed, stall has been indicated for about the
20 past .3 seconds. If so, then stall can be initiated. -
This means that as the door approaches the stops, the
speed may be jerky, and may dip below the 1.3 cm/s level,
without shifting back and forth between stall angd veloc-
ity modes. But when the Sspeed is low once, test 9 will
25 transfer to stall and test 8 will keep it there, If
the doors are nearly open or nearly closed and still in
a velocity profile, and .3 second has not yet passed in
this condition, then test 10 will determine whether an
open or closed direction has been commanded for the
30 door, and the case is exactly the same as if the doors
are moving rapidly. Thus, in any case where the door
is closing, as determined by tests 2 and €& or by test




PCT/US80/01616

WO 81/01831

10

15

20

25

30

. ...46...
10, a test 11 will determine whether nudge has been

ordered by the safety check subroutine, and if so, a
position-controlled velocity profile is ordered in step
12, If not, a test 13 determines whether or not door
reversal is commanded, and if it is, a position-con-
trolled velocity profile is commanded by step 12. 1If
opening, or closing without nudge or reveréal, a test
14 interrogates the high force flag; if excessive motor
current has been dictéted,_indicating blockage, a posi-

. tion-controlled belocity profile will be commanded by step

12,

These are cases where a normal, principally time-con-
trolled velocity profile for door motion cannot be used.
Since a nudge can overcome blockage midway of door opening,
a reversal is always partway open, and’high force indicates
other than a freely—acceleratable.door, the safe, position-
controlled velocity profile is used.

In cases other than stall, test 15 of Fig. 11 deter-
mines whether a position-controlled velocity profile
has been commanded (such as in step 12), and if so,
selection of profile variables is made by transfer to
the position-controlled profile selection subroutine
(Fig. 13) through transfer point 16; if not, transfer
point 17 directs the door control program to the time
controlled profile selection subroutine of Fig. 14.

Referring now to Fig. 12, dictation of stall current
is effected by the stall dictation subroutine which is
entered through an entry point 1, the first step 2 of
which is to set the dictated velocity equal to a value of
zero, so that a profile beginning after stall will start
at zero. It is door blockage, from a person or object, or
from the doors being fully open or fully closed, that
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causes a stall current to be dictated to the motor; but

if the stall cycle resulted from high force, as des-
cribed in the dynamic compensation subroutine (Fig. 20)
hereinafter, subsequent cycles could sense high force
(door blockage) only once, and make it through the
previously set high force time;'therefore, step 3 of
Fig. 12 resets the high force timer of Figl 20.

Because of the possibility of injury to persons
who might be within the door when closing.is commanded,

..a test 4 is made to determine if the door power

‘amplifier is disconnected from the door motor; if so,

when reconnected, it should start with zero current,
And even if opening is commanded, there is no need to
perform any further steps of Fig. 12 if the motor is
disconnected. So, if it is, the dictated current is
caused to be zero in step 5, so that when the door
amplifier resumes operation, it will not be rapidly
accelerated and perhaps cause injury. But if the

door motocr.is not out of operation, as indicated by a
negative result of test 4, then a test 6 of Fig. 12,
determines the opening or closing status of the door.
If the door is opening, test 7 determines whether the
door is fully closed. If it is, it is just being
commanded to open, and should be able to follow a
normal velocity profile. Therefore, a rather high
force (32.4 Kgm) is permissible, the service door,

when opening, will not hurt any passengers. This force
is commanded by a step 8. But if the door is

commanded 6pen when it is not fully closed, and stall
dictation is indicated, then it is is either due

to blockage, or due to already being fully open. Thus,

- a test 9 determines if the door is fully open or not.
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"If it is, then step 8 dictates a stall current that is

necessary to generate 17.0 kilograms of force on the
doors, using a factor, D, which is equal to the product
of a linkage constant (Kl), between the door motor and
the door itself, the slope (Mp) of the position as a
function of door motor rotation (which is derived as
described hereihbefore with respect to Fig; 8), all
divided by the torque constant of the motor (Kt) times
the efficiency (E) of the motor. This is a limited
force which is just sufficient to keep the door open
against the steps.

If the door is not fully open, then the-stall-
current is being dictated because of a door blockage,

‘rather than because the door is fully open. In such

case, once the stall is removed, door velocity must be

dictated from some door position other than fully open,

so a position-controlled velocity profile will be
required. For this reason, position-controlled velocity

will be set in step 10. And, dictated current to yield

a force of 32.4 kilograms on the doors is generated in
steb 11. 1If test 6 is negative, the same functions are
performed for the closing door as described with
respect to tests and steps 8,10 and 11 in the case of
an openiﬁg door: if test 12 is affirmative, the closing
command is calling for a normal door closing, using a
normal velocity profile. A step 13 sets the current to
be-dictated as that for -11.3 Kgm, which is a force
permitted by elevator codes in case a passenger should
block the door. If the door is not fully open, then
test 12 is negative and test 14 determines if it

is fully closed; if so, current for -10.2 Kgm (in the
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closing direction) is called for by step 15, to hold

the dobr closed. But if not, then there must be a
blockage, so the door cannot follow a normal profile in
the next pass, and'a Step 16 sets the position contolled
velocity flag, and step 13 orders current for -11.3

kgm. Notice that the closing forces are smaller than
the opening forces in order to reduce the possibility

of injury, and becaqse the hoistway door spirator

opposes opening, but may aid closing. These forces

- will vary in various elevator installations. If the

doors are not fully closed, as may happen if the doors
are pried open by pranksters, a faulty time-controlled
profile is avoided by step 16 ordering a position-con-
trolled velocity.

In step 17 of Fig. 12, the compensation current
Ccomponent generated in the subroutine of Fig. 10a is
added to the dictated current. Since the stall dicta-
tion subroutine i1s entered only during a stall cycle,
regardless of which stall current (or zero) is dictated,
step 18 will set the flag to indicate that the last
cycle (this one) was a stall cycle, which affects many
subroutines in the door control program. The integral
gain current (X, which is described in the dynamic
compensation subroutine of Fig. 19 hereinafter) is set
to zero in step 19, and the dictated current is out-
putted to the amplifier in the output I DICT to ampli-
fier subroutine 9a (Fig. 6) through transfer point 20,
The reason that the integration current is set to zero
at this point is that in event that the next cycle is
not a stall cycle, the integral gain current factor (X)
will have been reset to zero to commence a fresh inte-
gration when a normal door velocity profile may be
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dictated. When stall dictation is utilized, no further

door control operations-are required, so the executive
program can be returned to, through the return point 16
(Fig. 6). '

The matter of actually commanding a fully closed
door to open, in a normal case, begins with the opera-
tion controller sending a door open command (DR OPN
CMND) to the cab controller via the communication link
and the safety door open demand will be set in the same

. way. In Fig., 9, step 25 causes the open door command

(OPN DR CMND) to follow the safety door open demand.
In Fig. 11, test 2 then changes from negative to
affirmative; the door velocity is zero, so test 3 is
negative; the door is fully closed so test 4 is negative.
But, the last cycle was stall, so test 8 is affirmative,
and another stall dictation is commanded. 1In Fig. 12,
test 6 is now affirmative for the first time, but test
7 is affirmative because the door has not yet moved
away from its fully closed position, and so current is
dictated for 32.4 kgm of force. 1In one or two cycles,
this will accelerate the door to more than +1.3
cm/sec, so test 3 in Fig. 11 will soon be affirmative;
with test 15 negative, the actual time-controlled
velocity profile will begin.

The case is similar for normal door closings.
Thus, the door motion, for a normal profile, always
commences with a reversal of stall current dictation,
and shifts into the profile after a minimal velocity
(tests 3 and 6, Fig. 11) is reached. When reversed
stall current is commencing a door excursion, if the

indicated velocity is noisy, and test 3 or 6 (Fig. 11)
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is momentarily overcome, the velocity profile will in
fact be reached;.buf the disappearance of the noise,
resulting in a subsequent negative result of test 3 or
6 will not cause stall to resume due to the hysteresis
created between tests 8 and 9, as described hereinbe—
fore, which will cause the velocity profilé to be main-
tained, unless .3 seconds elapse, which will not nor-

mally ever happen because only about .2 seconds are

.heeded to really exceed 1.3 cm/sec with 32.4 or ~11.3

kgm (stepé 8 or 13, Fig. 12) of force on the door.

One feature which is obtained by the characteristics
of door control described with respect to Fig. 11 and
12 is that, in the opening direction, pulsed nudging is
automatiéally achieved, for cases where some form of
blockage, such as debris in the path of the door, is
inhibiting door motion. If the door should stall when
it is partially open, the hysteresis described with
respect to tests 8 and 9 in Fig. 11 will cause stall to
occur .3 seconds after the first time that the speed

decreases below about 1.3 centimeters per second. And

.once the stall is achieved, test 8 will retain the

stall condition; but if the impediment is moved by the
stall current, -that which in step 9 of Fig. 12 amounts

to 32.4 kilograms of force on the door (guite high),

then the velocity may exceed 1.3 centimeters per second
so that test 3 in Fig. 11 will be affirmative. This in
turn will cause a position-controlled velocity which
will begin to generate a dictated velocity profile,

with initial forces which are much lower than the open-
ing stall dictated current force of about 32.4 kilograms.
And if the object again impedes, so that the velocity
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reduces below 1.3 centimeters per second, then the stall

hysteresis will again come into play and again apply
the high, opening stall force of 32,4 kilograms. The
net effect is a transfer between low velocity profile
force and high opening stall current force, at no greater
than .3 second switching rate. )

As described hereinbefore with respect to Fig. 11,
if stall dictation is not reached through a transfer
point 5, then position-controlled velocity profile

. selection or time-controlled velocity profile selection

may be reached instead. If position-controlled veloc-
ity profile selection is. reached through transfer point
16, it will lead to the entry point 1 on Fig. 13. The
first step of this subroutine is to test whether the
door is opening or closing in test 2 of Fig. 13. 1In
either case, the next tests 3, 4 determine whether or
not a heavy hoistway door is indicated for this parti-.
cular floor. This may be achieved by ANDing a heavy
door floor map with a committed floor pointer (from the
operation control). - And then, in the selected one of
the-steps 5-8 a register for maximum acceleration (A

MAX) is loaded with a predetermined value of accelera-

_tion for position-controlled velocity for the case of

closing with a light door, closing with a heavy door,
opening with a light door or opening with a heavy door,
respectively. And in related steps 9-12 a maximum
velocity (V MAX) register is set with predetermined
value for velocity for a position-controlled profile
for the case of the door closing with a light door,
closing with a heavy door, opening with a light door,
or opening with a heavy door, respectively. Then, in
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step 13, the slope of the acceleration vs. time profile

of the door motion, as described with respect to.Fig.
5 hereinbefore and Fig. 16 hereinafter, is set to
-equal the value of A MAX which has just been determined
5 in step 5 or 9. Then, the door control program will
advance into the select acceleration and velocity sub-
~routine described hereinafter with respect.to Fig. 16
through transfer point 14.
As described hereinbefore with respect to Fig. 11,
10 . if neither stall current dictation nor a position-con-
trolled velocity profile are selected, then the door
control program will proceed, through transfer point 17
at the bottom of Fig. 11, to the time~controlled
profile select subroutine, through entry point 1 in
15 Fig. 14. As in the case of profile selection for the
- position-controlled velocity profile described with
respect to Fig. 13, several tests 2-4 determine whether
the door is opening or closing, and whether it is heavy
or not, so as to load, in step 7, a corresponding
20 plurality of variables listed in the lower fight of
Fig. 14 for convenience, which includes maximum accel-
eration, plus and minus acéeleration slopes, maximum
deceleration, plus and minus deceleration slopes, the
position where deceleration'begins, the maximum velocity,
25 and the bench (or final) velocity, all as described
with respect to Fig. 4 hereinbefore. However, these
variables are loaded only during the first cycle of a
‘normal door profile as determined by last cycle stall
tests 5 and 6; when the last cycle was not stall, this
30 loading of variables is bypassed.
In addition, the subroutine of Fig. 14, in the

case of door opening, loads two additional variables
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which include the position at which the car door, when

opening, will pick up the hoistway door, and the
velocity to be used (some small velocity) during the
first centimeter or so of door travel before the
hoistway door 1s picked up. These variables are loaded
for light and heavy doors in selected steps 8 through
11,

The profile controlling parameters which are estab-
lished in steps 7-11 may be modified by a profile modifica-
tion subroutine, indicated at 12 and 13 in Fig. 14, which
is described hereinafter with respect to Fig. 15.

In the profile selection subroutine of Fig. 14,
when the door is to move in the opening direction, a
ﬁest 14 determines If the door has reached the position
where it will pick up the hoistway door; if it has not,
then time dictated velocity, Vt, is simply set to be
equal to a hoistway door pickup velocity in a step 15
and the slope is set to zero in a step 15a. Other than
the slow initial opening velocity before picking up.the
hoistway doors, the routine in Fig. D9 is the same for
opening as it is for closing; but the parameters
selected and the sense, or polarity, of parameter
comparisons differ. Specifically, when the door is
opening, a test 16 initially determines that the
velocity has not reached V MID, which is a velocity
calculated in Fig. 15 hereinafter, to be that which is
reached during the increasing acceleration from zero
to A MAX, and therefore the velocity which, as the
acceleration decreases from A MAX back to zero, will
cause V MAX to be reached with zero acceleration,
as described with respect to Fig. 4, hereinbefore.
Until the velocity reaches V MID, as determined in test
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16, the acceleration slope (jerk) used to integrate

acceleration for dictated velocity will be + A slope,
as set in step 17. And, since test 19 is intially
negative, step 20 céuses the maximum acceleration to be
A MAX, as set in one of the steps 7. This will result
in integrating from zero acceleration and velocity (or
hoist velocity when the doors are opening).to maximum
acceleration. And maximum acceleration will be reached

and stabilized even though the slope factor is still

. set at +A slope. When maximum acceleration is reached, .

as is illustrated in Fig. 4, the velocity continues to
increase linearly with time until the point V MID is
reached, as determined in test 16. Then, because the
slope is a negative slope set in step 18, it will
reduce the acceleration of the door, so that the
velocity begins to taper off. When the velocity
reaches V MAX, the acceleration should be zero, but if
it is not, it doesn't matter since it is not allowed to
cross zero, and since the velocity will be held at v
MAX and the slight discontinuity in smoothness which
may.result.is not important to the door motion. When V
MAX 1s achieved, the doors move at the constant, maximum
velocity until the door reaches a position defined as
the deceleration position (P‘DECL). Since this is
reached before the door velocity will decrease at all,

it cannot initially be less than the velocity when

reduction in deceleration is to occur (Vv END), and a
test 21 will initially be negative so that a step 22
will set the slope equal to the value of ~-D SLOPE

which was set in one of the steps 7, for opening either
a light door or a heavy door. Aand, since thé deceler-
ation portion of the door profile has been reached, the
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maximum acceleration value is changed to the decelera-

tion value, D MAX in step 23. However, this value is
not used until the successive, pieéewise integration

of -D slope causes D MAX to be reached. And then the
velocity is decreased linearly by step-by-step integra-
tion of D MAX until test 21 indicates that the door
velocity has decreased below V END. Then, the slope is
changed to +D slope in step 24 of Fig. 14, so that the
velocity decreases less rapidly, and will gradually
reéch the bench velocity (which is the final velocity
after deceleration). This is achieved by designing the
profile so that the area under the acceleration curve
is greater than the area under the deceleration curve,
by an amount equal to a desired, small final velocity
at the end of the run to allow the doors to drive
gently into the fully open (or closed) position, as
described more. fully and claimed in a commonly owned
copending U.S. patent application filed on even date
herewith by ‘Hmelovsky, Serial No. (Otis Docket No.
0T-386) . Then, current dictation changes to stall,
dictétion which has been described with respect

to Fig. 12, hereinbefore.

The time-controlled profile selection subroutine
of Fig. 14 generates the same éort of profile for
closing the door, it being borne in mind that the A
MAX, +A SLOPE and -A SLOPE are all on the negative
side, and the D MAX, +D slope and -D slope are all on
the positive side, when the velocity being dictated is
in the negative (closing) direction. In such case, a

test 25 determines if the door velocity being dictated

- is less than V MID, which it is not, initially; as long

as this is true, the slope equals +A slope (which is,
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however, a negatlve number since the door will be

accelerating in a negative or closing direction). And,
the door position is initially greater than the de-
celeration position (more, positive or open) so that a
test 27 will be negative, step 20 will therefore set
the maximum acceleration to A MAX (2 negative number
for accelerating the door in the closing direction).
Eventually, step 25 will be affirmative when the door
is at a negative velocity which exceeds Vv MID, so that

. @ decreasing negative acceleration is selected in step

28 to allow the acceleration to reduce to zero with a
desired maximum negative velocity. At this point in
time, test 27 will initially be negative so that the
acceleration value of step 20 remains unchanged.
Ultimately, step 27 will be affirmative when the door
has closed sufficiently so that it is at a position
lower (more nearly closed) than the deceleration
position which has been set for it. Then test 27 will
be affirmative so that test 29 will check to see if the
velocity has decreased sufficiently to begin tapering
off the deceleration. Inltlally, this test fails

so that step 22 causes the slope to be the increasing
deceleratlon slope, and at this point, the maximum
acceleration is changed to the maximum decelerating
value (which in this case is a positive acceleration to
decelerate the negative velocity). After maximum
deceleration is reached in the closing direction,
eventually, the negative velocity is reduced (moré
positive) to V END, so that test 29 is affirmative, and'
the slope is changed from -D slope to +D slope in step
24. Since this takes the deceleration away from

maximum, the deceleration will be tapered off and cause
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the veloc1ty to end up atsi negative bench (final)
velocity when the doors are almost closed. Testing of
dictated velocity (Vt) rather than actual velocity
(which can vary in each operation of the door) assures
5 a known relationship between V END, + D SLOPE, and the
desired V BENCH. Regardless of which portlon of the
subroutine illustrated in Fig. 14 is utilized, the door
control program advances in each cycle to the select
acceleratlon and velocity subroutine of Fig. D16
10 . through a transfer point 30 in Fig. 14.
In the middle of the time-control profile selection
subroutine illustrated in Fig. 14, reference is made
to the profile modification subroutine (12, 13) which
is shown in Fig. 15 and is described more fully and
15 claimed in the aforementioned application of Hmelovsky
and Games, Serial No. (Otis Docket No. 0T-381). 1In
Fig. 15, the profile modification subroutine is reached
through an entry point 1, and test 2 determines the
" door direction. If the door is open, steps 3 and 4
20 will load variables, and will read in from I1/0, switch
settings relating to the opening direction; if test 2
is negative, steps 5 and 6 will load variables and
swtich settings relating to the closing direction.
It is assumed in this embodiment that the switches are
25 typical panel switches, such as dual in line package
switches, which may be arranged in pairs so as to
provide two binary bits per variable (as described )
below in Fig. 15), or they may be independent selection
switches to provide the desired binary values. At the
30 start of the modification routine, the modification
variables for position, PX, and for velocity, VX, are
both initialized to zero in steps 7 and 8. The manner
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in which an operator can ;rilor the door profile is by
adjusting the maximum velocity, the bench or final
velocity, and the position at which V MAX will end
(referred to as P DECL, herein); but any change

in these factors causes commensurate changes in other
factors. For instance, if only P DECL is changed,

then that is the only factor which need be.changed. But
if V BENCH or V MAX are changed, P DECL must be changed
as a consequence of them, whether or not it is purposely

. changed by the operator. The one thing that must remain’

constant is the approximate maximum open or closed door
position. The velocity profile should always reach
bench velocity just before the doors are fully open or
fully closed. The modification subroutine in Fig. 15
takes that into account by modifying the deceleration
position with PX as a function of maximum velocity
and/or bench velocity. If the maximum velocity switch
(or switch pair as the case may be) is set to other
than 00, then one or the other of tests 9-11 will
calculate a new value of V MAX in a corresponding one
of the steps 12-14 and will select a modification to
the deceleration position (PX) in the corresponding one
of steps 15-17. Similarly, if the bench velocity
switch (or switch pair) is set to other than 00, one of
the tests 18-20 will select a corresponding V END
modification increment (VX) from a corresponding one of
steps 21-23, and will add to the deceleration position
modifier (PX) an additional modification in a corre-
sponding one of steps 24-26. Similarly, if the switch
(or switch pair) associated with the deceleration
positicn is set to other than 00, one of the tests

27-29 will cause adding an additional factor to the
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position modifier (PX) insg corresponding one of the
steps 30-32, for controlled modification of P DECL. -
In the profile modification subroutine of Fig.
15, the point where maximum acceleration is to end (V
MID) and the point where maximum deceleration is to end
(V END) are both calculated as a function of the
velocity which it is desired to reach. Sihce V MID is
some value less than V MAX, and will be reached with

accelerations which vary from maximum to minimum (as is

. obvious from Fig. 4), the difference between V MAX and

V MID is the area under the acceleration curve as it
changes from A MAX to zero. This area is obviously one
half of A MAX times the time it takes for the accelera-
tion to decrease from A MAX to zero. But this time is
defined by -A SLOPE, which is by definition A MAX
divided by that time iﬂcrement. Therefore, V MID is
equal to V MAX minus one half of A MAX over the time;
but the time is A MAX over ~A SLOPE. This yields one
half A MAX.squared over —A SLOPE. Since -A SLOPE is
itself a negative number when V MAX is positive
and.a positive number when V MAX is negative the signs
work out for opening and closing. Similarly, V END is
calculated from the desired bench (final) velocity in
the same fashion. When the door is opening as determined
in test 35, the deceleration position is modified by
subtracting the modification (PX) therefrom in step 36,
but when the door is closing as determned by test 35,
the position modification factor PX is added to P DECL
in step 37. Similarly, V END is modified by subtracting
VX therefrom in step 38 when the door is opening but is
added thereto in step 39 when the door is closing.
-Considering the variations of Fig. 15 one at a

time, in conjunction with Fig. DX, if a higher maximum
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veloc1ty is desired, as determined in test 9, this

velocity is achieved by multiplying V MAX by some
number which is preestablished in the subroutine,
Obviously, this could also be achieved by simply adding
V MAX to some predesigned value, or by multiplying it
by some variable which also could be set. In any
event,.step 12 causes V MAX to be increased by 10%. As
a consequence of this, the distance which the door must

travel is accomplished partly at a higher velocity, and

. therefore deceleration from this higher velocity must

occur at a greater distance from the fully closed or
opened position (depending on whether the door is
opening or closing). Therefore the factor PX must be
subtracted in step 36 from P DECL, to start deceleration
Sooner. And similarly, if Vv MaX is reduced, the point
at which deceleration is to begin may be increased
(thereby requiring negative numbers for PX2 and PX3 in
steps 16 and 17).

To adjust the bench velocity, all that 1s required
is to adjust V END so that the final reductlon of
deceleration can be started sooner or later in the
profile. However, this wili also vary the position
which the door will be at when the bench velocity is
reached. Therefore, the -entire deceleration portion of
the profile can be moved relative to position by
adjusting PX as well. This can cause the bench velocity
to be reached at a desired position even though the
velocity may be different. And, the positioning of the
deceleration portion of the profile can be separately
adjusted by means of the adjustment to P DECL, the
position where the deceleration portion begins. This
means that even the positional tailoring that may
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accompany V MAX or V BENcggvarlatlons can 1tself be
tailored as well, to accommodate variations in door
size, after the initial factors are set into the cab
controller ROM.

5 The profile modification subroutine of Fig. 15
may be utilized in any given elevator where door
behavior differs from that which is empiriéally deter-
mined for elevator cabs of the type involved. This
modification may be used, temporarily, pending deter-

10 . mination of sluggishness or other characteristics of
the door which may require extensive maintenance or
new parts, '

Completion of the profile modification subroutine
of Fig. 15, including the generation of V MID and v

15- END, whether or not any modifications are performed
(none will be if all switches are set to 00), causes
the time~-controlled profile selection subroutine Fig.
14 to be resumed, by return through an exit point 40 on
Fig. 15 to. either test 14 or test 25 in Fig. 14.

20 When either the position-controlled profile
selectioh subroutine of Fig. 13, or the time-controlled
profile selection of Fig. 14 is complete, the door con-
trol program continues through the select acceleration

. and velocity subroutine of Fig. 16 through entry point

25 1 therein. The acceleration in the case of the time-
controlled velocity profile (illustrated in Fig. 4)
starts out at zero with the doors fully open or fully
closed, and is built up, incrementally, in each cycle
by the +A SLOPE (set in Fig. 14), until it reaches A

30 MAX, where it is clamped, and thereafter is decremen-
ted with a -A SLOPE, etc. After A MAX is reached, the
incrementing still continues, but the acceleration
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is limited to A MAX. 1In a case of a position-con-
trolled velocity profile, the slope is set equal to A
MAX (Fig. 13), so the acceleration becomes A MAX during
the first cycle. Thereafter, A MAX is continuously
added to itself, but the actual acceleration is limited
to A MAX, as is described hereinafter with respect to
Fig. 16. Specifically, the incremental addition to
acceleration (stepwise integration) is performed in

step 2, regardless of what value of acceleration is

- achieved and regardless of whether a time or position-

controlled velocity profile is being genérated. Then,
in test 3, A MAX is tested to see if it is negative. If
it is, this means that either deceleration is being
performed during door opening, or acceleration is being
performed in door closing. 1In such case, a step 4 sets
a buffer value of A MAX which is egual to negative A
MAX, and a step-5 reverses the sign of the actual

~acceleration that has been achieved. This provides a

maximum acceleration factor and the acceleration itself
in positive or absolute value format for some comparisons
to be made. 1If step 3 is negative, the maximum buffer

is set equal to A MAX without inversion to.permit using
it for limiting the acceleration to the maximum value.
Specifically, a test 7 determines if the acceleration
exceeds the maximum buffer, and if it does, it causes
step 8 to limit the acceleration to that in the maximunm
buffer. And then, a test 9 determines if the acceleration
i1s less than zero (in this sense it is an absolute
magnitude, and does not matter if it is acceleration or
deceleration in a door closing or a door opening profile,
respectively). If the acceleration has décelerated

below zero, it is limited to zero in step 10. And

then, a test 11 determines whether A MAaX is negative (a

corollary to step 3) and if so, reverses the sign of the
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acceleration to resort to its original negative value
in step 12. Taken altogether, test 3 through step 13
simply comprise testing the absolute value of acceleration
against A MAX and zero and limiting the acceleration to
values between zero and A MAX.

The subroutine of Fig. 16 then continues with a
test 13 tb determine if initiation has been requested.
If it has, V MAX is set to about 4.5 centimeters per

second in step 14, and the acceleration is set to about

- 40 centimeters per second per second in step 15. Since

both of these are negative, this will attempt to close
the door with a limited acceleration and velocity; and
since thé initiation automatically causes a position-
controlled profile, this low acceleration and velocity
will be reduced when it exceeds the position dictated
velocity to the target (a low bench velocity), as
described with respect to step 23 of Fig. 16 herein-
after, so that the door will approach fully closed in

a controlled slow fashion. On the other hand, if ini-
tiation has not been requested, test 13 will be nega-
tive so that test 16 can determine whether or not

the high force flag is set. If it is, then test 17

will cause the maximum velocity and the acceleration to
be limited in steps 18 and 19 or in steps 20 and 21,

in dependence upon whether a heavy door is involved or
not, respectively. But if the high force flag is not
set, test 16 will be negative and test 22 will determine
the door direction. If the door is closing, test 22 is
negative so that test 23 can determine whether or not a
safety nudge is ordered; if it is, then the acceleration
and velocity are limited by steps 18-21 as described
hereinbefore. 1If safety nudge has not been ordered,
then a test 24 will determine if door reversal is
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permitted and required. If it is, then a reverse

acceleration flag is tested in test 25. The flag is
set only when test 25 fails so that this is a one-pass-
only type of flag. The first time through test 25, it
must fail so that a reverse acceleration value is cal-
culated as the square of door velocity divided by 7.5
centimeters, which is twice the desired stépping dis-
tance during a door reversal, as described more>fully

and claimed in a commonly owned copending U.S. patent

. application filed on even date herewith by Schoenmann

and Deric, Serial No. (Otis Docket No. 0T-379). This
relationship may be understood from the fact that
velocity equals acceleration times time, and the
stopping -distance equals one half the acceleration
times the square of time. So twice the desired stopping
distance is acceleration times the séuare of time; but
the time is equalpto the velocity divided by the
acceleration and this yields a net result that the
acceleration equals the square of the velocity over
twice the desired distance. This is set only one time
because door velocity will of course change but the
acceleration required for the stopping distance should
remain the same in the several cycles it may take in
order to stop the door during a door reversal. Therefore,
step 27 sets the reverse acceleration flag so that the
reverse acceleration value will not be altered. The
reverse acceleration flag remains set until it is reset
upon the completion of door reverse stopping, and the
commencement of the opening phase of the door reversal,
as is described hereinbefore with respect to the door
direction subroutine in Fig. 9.

'~ The factors of steps 14, 15, 18-21, and 26 may
vary from one installation to another. The select
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acceleration and velocitysgubroutine of Fig. 16 is
ended by reaching a transfer point 28 which causes
the door control prbgram to continue with the gener-
ation of the position controlled velocity by means of
5 the generate Vp subroutine, which is entered in Fig.
17 through an entry point 1.
If a position-controlled velocity profile has not
been ordered, as indicated in a test 2, of Fig. 17 then
this subroutine is exited through a transfer point 3.
10 . But if position-controlled velocity has been ordered,
then a test 4 determines the door direction and generates
the position-controlled velocity profile (more specif-
ically, the deceleration portidn of the velocity curve,
as illustrated in Fig. 5) as a constant times the
15 remaining distance. When the door is opening, the
remaining distance is the full open position minus the
door position minus the target (which is an increment
of distance from full open to the desired point of
intersection with bench velocity). The same is true
20 when a door is closing, except the fully clésed position
is zero and therefore can be eliminated from the
calculation. Thus, velocity as a constant function of
the remaining distance to be traveled is calculated in
~ either steps 5 or 6 dependiﬁé on whether the door is
25 opening or closing, respectively. Aas an alternative,
velocity (Vp) may be dictated as the square root or
some other function of remaining distance. When the
door is closing, a negative velocity is dictated and
when the door is opening, a positive velocity is
30 dictated.' Then, in tests 7 and 8 the velocity is
tested to see iIf it is more positive (if opening) or
nore negative (if closing) then some final bench
velocity, and if so, the velocity is appropriately
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limited in steps 9 or 10, respectively. 1In a general

case, the "target" identifies a position where the
bench velocity will provide a smooth transition from
the dictated velocity.(nearly fully opened or closed).
Whether or not a position controlled velocity
is dictated, the door control program leavgs the
generate Vp subroutine of Fig. 17 through transfer
point 3 and enters a generate Vt & Verr subroutine of
Fig. 18 through entry point 1 thefein. On the first

. pass'of a velocity profile (that is, other than stall),

test 2 determines if the last cycle was stall ang if
so, resets the last cycle stall flag in step 3 and also

.causes the time-controlled velocity, Vt, to be equal to

the present door velocity in step 4. The reason for
this is that if the last cycle was stall, the velocity
profile is reached only by achieving a minimum door
velocity with a stall current, as described with

"respect to Figs. 11 and 12 hereinbefore, or an obstruc-

tion could.be overcome, allowing the door to move
freely, thus exceeding the stall velocity. This is
taken into account so as not to have any step function
increment in the door velocity as- a function of calcula-
ting a velocity profile following a stall. Then, a

test 5 determines if the 'door is opening, and if not, a
test 6 determines if a permissible reverse door command

is outstanding. 1If it is, then the time~controlled

-velocity has the reverse acceleration added to it (in-

Piecewise integration) in Step 7 and the acceleration
integration process is reset in step 8 so as to be
available in a reset state the next time that a normal
door profile is to be generated. And then, test 9
determines when the door reversal is complete (a
positive, opening velocity) and clamps the velocity at
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zero in step 10. Following that; Verr is calculated as
the dictated velocity Vt minus the actual door velocity
in step 11. .

In the subroutine of Fig. 18, if the door direction

5 is closing but test 6 determines that no reversal is
involved, then a test 12 determines if the closing velo-
city exceeds (is more negative than) V MAX, and if it is,
the acceleration value is added to Vt for stepwise
integration toward V MAX in step 13; this condition could

10 - occur when, as described with respect to the select

' acceleration and velocity subroutine of 16, a high force
flag or safety nudge causes V MAX to be reduced to some
fraction of normal. This process of causing the negative
velocity to be rendered more positive (reduced) continues

15 until a test 14 determines that the velocity is now more
p081t1ve than V MAX, and it is thereafter clamped at V Max
in step 15. On the other hand, if test 12 determined that
the velocity was less than V MAX when in the closing dir-
ection, then the velocity would be rendered more negative

20 by one 1ncrement of the acceleratlon in a piecewise inte-
gration fashion in step 16, until such time as a test 17
determined that the velocity was more negative than V MAX
(in the closing direction) at which time step 15 would
clamp the velocity at V MAX.

25 In a similar fashion, if test 5 in Fig. 16 deter-
mines that the door is opening, then a test 18 determines
if the velocity is greater than V MAX, and if it is, the
velocity is reduced in Step 18 (which may be necessary
whenever high force or safety nudge reduces the maximum

30 velocity in this cycle) so as to cause the dictated
velocity to reduce itself to that commanded by stall or
nudging. This would continue until the velocity is so :
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"reduced as determined in test 17, after which it would be

clamped at V MAX by step 15.

But if step 18 in Fig. 16 determines that the velo-
city is not in excess of V MAX, then it may be incremented
cycle after cycle in step 20, in each pass through test
18, until test 14 determines that it has exceeded V MAX,
in which case step 15 will cause it to be clamped at v
MAX. If a test 21 determines that this is not a position-
controlled velocity profile, then Verr Is generated as

. described hereinbefore in step 11. But if this is a

position-controlled velocity profile, the absoclute magni-
tude of Vt is compared with that of Vp, and once it equals
Vp, the Vp profile will take over from Vt due to Vt being
set equal to Vp in step 23. 1In this connection, it should
be noted that Vt, for a position-controlled velocity, is
simply some maximum velocity which is established for a
position-controllea profile until such time as deceleration
for reaching V BENCH at an intended position is achieved,
by crossing Vp, as is described hereinbefore with respect
to Fig. 5. |

When Verr has been generated in step 11, the door
control program operates through transfer point 24
S0 as to enter the dynamic compensation subroutine of
Figs. 19 and 20 through the entry point 1.

The dynamic compensation subroutine of Fig.
19 begins with a test 2 to determine whether integral
gain should be provided to the velocity error which
will be used to calculate the dictated door motor
current. If a position-controlled velocity profile is
being generated, the integral gain factor X is set to
zero. But if a time-controlled velocity profile is
involved, then a new value (Xm) of an integral gain
factor, expressed as a magnitude of motor current, is
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generated in a step 4 as some integral gain constant
(Kint) of the velocity error plus a previously calcul:zted
valuefor X (Xn). 1In order to be sure that the integral
gain does not overshoot, which would provide a velocity
error (not the basic velocity) with a sign opposite to
the previous velocity error, a test 5 detects whether
the sign of Verr has remained the same from the last
cycle to the present cycle; if not, this means there is
an overshoot and Verr is being overcompensated so -that
test 5 will be negative and the integral gain current
factor (Xm) will be set to zero in step 3. If test 5
is affirmative, then a test 6 determines if the velocity
error is within bounds of between minus and plus .6
centimeter per second. If it is, the error is
acceptable no integral gain is used. But if Verr is
greater than the threshold value of test 6§, the
assistance of integral gain is desired, so the integra-
tion is not reinitialized by step 3.

In Fig. 19, the next step 14 generates a calculated
motor current (I CALC) as the summation of: the current
genérated with integral gain (Xm), plus a proportional
gain constant (Kp) times the velocity error, plus some
rounding that may be performed in a given embodiment of
the invention, in dependence upon the particular proces-
sing system used and the conventions for the data which
may be chosen. On the other hand, no rounding factor
need be used; in cases where it is not demanded by the
processor nor desired. 1In step 15, the value of Xm is
saved as Zn for use in subsequent cycles in the integra-
tion process referred to hereinbefore.

In order to assist in stopping a closing door during
a door reversal so that the door may thereafter be opened,
a test 16 in Fig. 19 determines if there is a reverse
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door command and the open door command has not yet

issued. 1If this is the case, the test is affirmative
and a test 17 is made to see if this is the first pass
through the subroutine since test 16 became affirmative.
If it is the first pass, test 17 will be negative and
cause steps 18-21 to be performed one time. Since step
21 will set the Kick flag, subsequent passége through
test 17 will be affirmative and steps 18-21 will be
bypassed. These steps provide an additional current

. component to the door motor, referred to herein as a

reverse boost or Kick current, to assist in rapid
stopping of the door when reversal has been commanded,
as set forth in the aforementioned application of
Schoenmann and Deric. The kick current is a filtered
function of the door velocity at the time the reversal
is commanded. The filter is a derivative lag filter,
having the general frequency domain form of s/(s+t),
where t is the time constant, here t=3. This may be
expressed,  for iterative digital approximation as follows.
I KICK = Kk (Vo=Vn) o
where: I KICK = the reverse boost, or Kick, current

Kk = the gain constant for Kick current

Vo = the door velocity at the start of a door
reversal '

Vn = a velocity component as a function of
each pass of the program through the
filter algorithm:

vn = (Vo)e 3T + (1-e73T)vm
where: Vm = the value Vn of the preceeding cycle,

' and T = time duration of each cycle.
This value of current component is intially high
and drops off to a small amount in about 1/3 second.

It is sufficient to overcome backlash in reversing the
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door against its inertia, to aid the dictated accelera-
tion (the square of the_initial velocity, Vo, over
twice the stopping distance, step 26, Fig. 16) in
stopping the door within the distance required by the
elevator code, such as about 5 cm. 1In this embodiment,
stopping within 3.75 cm of the reverse command is
effected;

In Fig. 19, if test 16 indicates door reversal,
but not the point thereof where the door has stopped or

- slowed sufficiently to be commanded open, a test 17

checks a "once-only"” Kick flag. If test 17 is negative,
steps 18-20 initialize the filter routine, and stép 21
sets the Kick flag so these steps will be bypassed in
subsequent iterations (test 17 will then be affirmative).
Then steps 22 and 23 generate a value of Kick current
for successive Vm's in each cycle, step 24 updates Vm,
and the Kick currént is added to dictated current in
Step 25.

In Fig. 19, whenever door reversal is not being
initiated, test 16 is negative, and step 26 resets the
Kick flag. 1In each cycle other than during the initial
phase of a door reversal, the dictated current is set
equal to the calculated current by step 27.

The dynamic compensation subroutine of Fig. 19
passes through a transfer point 30 to reach the entry
point 1 of the continuation of the dynamic compensation
subroutine on Fig. 20. |

In Fig. 20, test 2, if a door reversal is com-
manded and not prevented by nudge, when the door is
closing, high currents can be expected, and the high-
force portion of the subroutine is therefore bypassed
by an affirmative result. Otherwise, in test 3, if

there is a safety nudge, meaning that the operation
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control has determined that the door is probably

blocked and should be nudged along, and if the door is
closing (since an opening door need not be gently
nudged), or if the high force flag is set, an affirma-
tive result will lead to a step 4 which generates a
limiting current equal to about 11.3 kilograms times
thé factof D which has been described heréinbefore, the
limiting current being in the negative or closing
direction. This is the same force as that of a closing
stall force (step 13, Fig. 12), which is within the
safety code limit. 1If the absolute value of dictated
current exceeds some limiting value of current in test
5, then a test 6 determines the polarity and, dictated
current is clamped to the limiting current in either
step 7 or 8. The test accommodates current direction
regardless of opening or closing direction, and even
when overshoot in Verr causes current polarity to be
opposite to door direction.

In Fig. 20, if test 3 is negative, meaning
high force and nudging are not inQolved, then a test 9
determines whether the door.velocity has reached
maximum or not. If it has, there is no force required
for acceleration and Verr should be small, so the door
should be moved with relatively small currents compared
to the currents required to achieve maximum velocity
or to decelerate therefrom. Therefore, a test 10
determines if the absolute magnitude of the dictated

- current exceeds 2 amps. But if test 9 is negative,

meaning that the door is accelerating or decelerating,
then the absolute magnitude of dictated current is
compared with 4 amps in a test 11. 1If excessive dic-
tated current is determined in test 10 or test 11, then
a test 12, comprising a high force timer, determines if
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this condition has existed for about .3 seconds. If it

has not, it is assumed that this was caused by noise cr
some other transient condition, and no action is taken;
but if it bhas, the high force flag is set in step 13,
and the high force limited currents for 11.3 kgm, the
same as a closing stall force, is generated and utilized
as described with respect to steps 4-8, hefeinbefore.
Each time test 10 or 11 is negative, the high force
timer (test 12) is reset in step 14. It 1s also reset

. whenever the high force current dictation is followed

by stall (step 3, Fig. 12). '

In Fig. 20, a step 15 adds the compensation
current to the dictated current, and tests 16 and 17
determine if the dictated motor current is more than
+4 amps or less then -4 amps, and steps 18 and 19 clamp
the current to +4 amps or -4 amps, respectively, if
necessary. Thus, fhe compensated current dictated to
the motor cannot exceed 4 amps. In the normal case,
where high. force or nudge are not indicated, tests 2,
3, 10 or 11, are negative, so this routine cnly adds
the compensation and tests for the 4 ampere (or other)
limits, and outputs the dictated current by means of
the subroutine 9a, Fig. 6, which is reached through a
transfer point 20, Fig. 20. This completes the time
or position-controlled velocity profile and current
dictation to the door motor, so that the executive
program is returned to, through a return point 16 (Fig;
6).
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From the foregoing description,it is clear that
the present invention provides a closed loop door

motion control, employing factors to provide a

_dictated door velocity in accordance with desired

variables. The foregoing description includes general
and detailed description of the elements of an
elevator door control system in which the invention
may be practiced. The invention, however, is parti-
cularly expressed in Figs. 11, 13 and 1l4. The.
parameters to control the profile are all selected
from stored variables in Fig. 11, in dependence upon
whether a heavy door, such as a lobby landing hoistwéy

" door, must be moved with the elevator door, and

depending on whether the door is to be opened or
closed in the subseguent traverse of the door. A
heavy door may be indicated, such as by ANDing a map
of floors with hea&y doors with a committable floor
position pointer. And in Fig. 11, depending upon door
position and the dictated velocity, further selection
of the variables to be used in the current cycle of
the door profile is made. In Fig. 14, the accelera-
+ion value is incremented or decremented by the
selected slope, and the acceleration and maximum )
velocity in the event that high force has been sensed
or that'the operation controller has commanded a
nudge profile. This is illustrative of the simplic-
ity of altering door motion, when the present in-
vention is utilized. In Fig. 14, the dictated
velocity is calculated by incrementing it with the
current acceleration value, or it may be decremented,
if the velocity is greéter than the maximum velocity,
and it is limited to maximum velocity in any event.
The velocity error is also generated in Fig. 14.

In Fig. 15, the velocity error is converted to a

dictated current (I DICT) which comprises the actual
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door motion command signal. The other functions
illustrated in Figs. 13-16 are illustrative of
features which may be utilized with the present
invention, which are described more fully and
5 claimed in the aforementioned copending patent
applications.

Pefhaps the greatest feature of the present
invention is that the door is controlled by a
dictated velocity profile.” The door is controlled

10 in each cycle in dependence upon the deviation of
the actual door velocity from a dictated velocity
value that represents the desired door velocity
profile in the current cycle. In the present em~
bodiment, the dictated velocity value fbrreach |

15  cycle is calculated in each cycle. However, in any
system in which no changes in the profile are to be
performed (such as the nudge profile alteration of
Fig. 13) and where storage of values is to be pre-
ferred over calculation capability, the profile

20 could be prestored for a given door, thus avoiding
the need of calculation in each cyéie.‘ But another
aspect'of the invention is that since the dictated
velocity value for use in each cycle is calculated
in that cycle, variations can be applied as the -

"25  velocity profile proceeds, thus deriving a greater
value from the invehtion.

The particular rates of acceleration, maximum
velocity, acceleration and decelefation, and . the
like, which are employed in any implementation of

30 the present invention will be determined in depend-
ence upon the characteristics of the door, and the
particular installation where the invention is to
be used. These particular values will, therefore,
vary widely from one case to the next. However, a

35 typical 107 cm double door has been successfully.

controlled by a closing profile using values of
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jerk (+A SLOPE, -A SLOPE, -D SLOPE and +D SLOPE
herein) of 80 cm/sec3, A MAX of 33 cm/secz, D MaAX
of 29.2 cm/secz, Vv MaX of 33 cm/sec and a V BENCH
of 5 cm/sec. The opening profile may be more ag-
gressive, since door inertia does not threaten pas-
senger safety. In fact, the +A SLOPE can be
selected to provide A MAX in a single iteration
(eg, one 16 ms cycle): a successful opening pro-
file of the door described above has used an A MAX
of 44.5 cm/secz, and a +A SLOPE of 2778 cm/sec3,
amounting to a step function acceleration. Thié,
however, has proved useful because it overcomes

the step function increase in mass which the door
mechanism must accelerate as the elevator door
engages the hoistway door. ther parameters of
said opening profile include ~A SLOPE, and -D SLOPE
of 159 cm/sec’, D MAX of 43 cm/sec?, +D SLOPE of

80 cm/sec3, V MAX of 41 cm/sec, and V BENCH of 5
cm/sec. These parameters, and the general profile, -
must be selected to suit the environment where the
invention is to be used (including a more limited
+A SLOPE than described above, if desired). A2nd,
the beginning and/or final desired velocities may
be zero, if desired.

In the exemplary embodiment herein, particular
steps have been shown as exemplary of the preferred
mode for carrying out the invention; however, a
wide variety of variations in the particular steps,
and in the manner in which some of the variables
can be changed or not, may be made while still
preserving the essential aspects of the invention.

Similarly, although the invention has been shown
and described with respect to an exemplary embodiment
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 the scope of the

invention.
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Claims

1. Elevator door apparatus, comprising:
a motor driven elevator door mechanism;
demand means for providing signals indicative
5 of demands to open or close said elevator door;
position means providing signals related to the
position of said elevator door; and .
control means for controlling said door mecha-
nism in response to said demand signals and said
10 position signals; characterized.by:
said positiop means éomprisiné a transducer for
providing sigﬁals which vary as a function of the
. position of said door mechanism; and
said control -means comprising cyclically opera-
15 tive signal processing means for providing, in
response to said transducer, signal indications of
the position and velocity of said door, and, in
" response -to said demand means and said position and
velocity signal indications, for providing, in each
20 of a series of cycles throughout a period of time
equal to the desired door traverse time, a dictated
door velocity signal equal to the velocity which the
door is desired to have during such cycle in ac-
cordance with a desired door traverse velocity pro-
25 file derived from values of desired rates of
acceleration and deceleration and desired maximum
velocity, acceleration and deceleration, and
cyclically proviaing motion command signals to said
elevator door mechanism in response to the dif-
30 ference between said dictated velocity signal and
said door velocity signal indication.




WO 81/01831 PCT/US80/01616

- 79 -

2. Elevator door apparatus according to claim 1
further charaéterized by said signal processing
means comprising means for providing said dictated
velocity signal in accordance with a door traverse
5 profile which accelerates the door with a desired
increasing rate of acceleration to a desired maxi-
mum acceleration, accelerates the door at said
desired maximum acceleration, accelerates the door
with a desired decereasing rate of acceleration to
10 a desired maximum velocity, moves the door at said
maximum velocity, decelerates the door with a desired
increasing rate of deceleration to a desired maximum .
deceleration, decelerates the door at said desired
- maximum deceleration, and decelerates the door with

15 a desired decreasing rate of acceleration.

3. Elevator door apparatus aécor&ing to claim 1

further characterized by said signal processing

means comprising means for calculating said dictated

door velociiy signal in each of said cycles in

fespoﬁse to signals répresenfing said'désired rates
20 of acceleration and deceleration and said desired

maximum velocity, acceleration and deceleration.
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4, Elevator door apparatus according to claim 3
further characterized by said signal processing
means comprising means for providing said dictated
velocity signal by increasing an initial velocity
value in each cycle by an acceleration value which
begins at zero and increases in each cycle at a
desired rate of increasing acceleration until said
acceleration value represents said desired maximum

acceleration, thereafter increasing said velocity

value in each cycle by said desired maximum ac-

celeration value until said velocity value achieves
a first value from which it can be increased to a
value representing said desired maximum>velocity by
an acceleration value which decreases in each cycle
at a desired rate of decreasing acceleration until
it reaches zero, thereafter increaéing said velocity
value in each cycle by said acceleration value which
decreases in each cycle until said velocity value
represents said desired maximum velocity, thereafter
holding said velocity value constant in each cycle
until said position éignal indicatioh represents a
deceleration position of said door from which said
door can be decelerated to a-desired final velocity
in response to said dictated velocity signal when
said dictated velocity signal is provided as follows,
thereafter decreasing said velocity value in each

cycle by a deceleration value which begins at zero

.and increases in each cycle at a. desired rate of

increasing deceleration until said deceleration value
represents said desired maximum deceleration, there-
after decreasing said velocity value in each cycle

by said desired maximum deceleration value until

said velocity value achieves a second value from
which it can be decreased to a value representing
said desired final velocity by a deceleration value

which decreases in each cycle at a desired rate of
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decreasing deceleration until it reaches zero, there-
after decreasing said velocity value in each cycle
by said deceleration value which increases in each

cycle until said velocity value represents said

desired final velocity.

5. Elevator door apparatus according to claim 4
further characterized by said signal processing means
comprising means for providing a plurality of signals
respectively representing said desired rate of in-
creasing acceleration, said desired méximum ac-
celeratioﬁ, saif first velocity, said desired rate

of decreasing deceleration, said desired maximum
velocity, said deceleration position, said desired
rate of increasing. deceleration, said desired maximum
deceleration, said second veiocity, and said desired
rate of decreasing acceleration, for comparing said
dictated velocity signal .with said first veléciﬁy
signal, for setting a slope signal egual to said
desired rate of increasing acceleration signal if
said dictated velocity is less than said first veloc-
ity, for setting said slope signal equal to said
desired rate of decreasing acceleration signal if
said dictated velocity is greater than said first
velocity, for comparing said door position with said
deceleration position and, if said door position is
less than said deceleration position, for setting

a maximum acceleration signal equal to said desired
maximum acceleration signal, and, if said door posi-
tion is greater than said deceleration signal, for
setting said maximum acceleration signal egqual to
said desired maximum deceleration signal, for
comparing said dictated velocity signzl with said
second velocity signal and for setting said slope
signal equal to said desired rate of increasing

deceleration signal if said dictated velocity is
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greater than said second velocity, and for setting
said slope signal equal to said desired rate of
decreasing deceleration signal if said dictated
velocity is less than said second velocity, for
providing an acceleration signal which is zero in
the first cycle and increases in each cycle by the
amount of said slope signal, and for providing said
dictated velocity signal by altering in each cycle,
by the amount represented by said acceleration
signal, a signal which ié set in the first cycle to
equal said door velocity indication signal.
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