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(54) Method and system for automatically adjusting the stopping position of an elevator car

(57)  The invention concerns a system for automati-
cally adjusting the stopping position of an elevator car.

The system comprises a speed measuring appara-
tus 32, 36, 38 to measure the speed of the displacement
of the car before each stop at different level, a micro-
processor 44 in which are stored in memory, all of the
values of the stopping precision P, measured at each
level, in both directions of displacement of the car, a
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stopping management program 46 capable of calculat-
ingadelay T =Pa/v, inwhich P, is the stopping precision
at a given level and a given direction of displacement,
whose value is stored in the microprocessor, and v is
the actual speed of the car measured by the speed
measuring apparatus at said level and in said direction
of displacement, and a delay module which includes the
delay in the stopping information such that the stopping
of the cabin is delayed accordingly.
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Description

The present invention concerns a system for auto-
matically adjusting the stopping position opposite the
hall doors.

Currently, the information which defines the stop-
ping height at the level of the hall door is obtained from
the coinciding of magnetic sensors mounted on the el-
evator car and magnets fixed in the hoistway at each
landing. Such an assembly is known in the field as a
position reference system (SPR). The information gath-
ered by the magnetic sensors is transmitted to the con-
trol logic with which the elevator installation is provided,
which, in turn, provides stopping commands to the ele-
vator car drive means.

Such a PRS is shown in the attached Figure 1. This
Figure shows an elevator car 10 mounted in a hoistway
12 located at the level of a hall door 16. The hoistway is
provided with a magnet 18, while the car has two mag-
netic sensors 20, 22 fixed at two different levels on a
vertical strut 24. The upper sensor 20 provides level in-
formation during descent and the lower sensor 22 pro-
vides level information on ascending.

The SPR may be used in hydraulic elevators and
also in electric elevators of the type comprising a two
speed reduction motor having two separate rotors, one
for moving the car at high speed and the other for mov-
ing at low speed before stopping. The SPR should allow
the car to stop at all landings opposite the hall doors
such that the gap between the threshold of the car and
that of the landing is as small as possible, preferably
zero.

During assembly, the magnetic sensors and the
magnet are positioned with the theoretical assembly di-
mensions. These are calculated as a function of the
nominal speed of movement of the car, the response
time of the control logic, the parameters of detection of
the magnets by the magnetic sensors and the theoreti-
cal regulation of the brake of the reduction motor.

Nevertheless, it has been seen that the theoretical
values of assembly almost never correspond to reality,
for the following reasons:

- the control of the brake of the reduction motor is not
precise and is reset for each installation as a func-
tion of the desired comfort;

- the magnetic sensors detecting the magnets have
different positions of the function of the distance be-
tween them and it is very difficult to keep this value
constant at all levels;

- observance of the theoretical dimensions is difficult
to realise to the millimetre;

- the actual speed of movement of the car does not
correspond exactly to the nominal value.

It is as a function of these parameters that the mag-
netic sensors provide the stopping information to the
control logic which transmits the signals as stopping
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commands, leading to the motor power supply being cut
off and the release of the brake shoes for electric ele-
vators or the closing of the gates for hydraulic elevators.
For this reason, if no precaution is taken, the precision
of stopping obtained with such an SPR is poor. Current-
ly, on stopping, the threshold of the elevator is out of line
with the landing by several centimetres.

To reduce this discrepancy, it is necessary to carry
out a manual control at each level around the theoretical
value of the position of the magnetic sensors, in both
displacement directions. However, these adjustments
take much time because they require measurements of
the stopping precision at each level in both directions of
displacement, climbing on the roof of the car to displace
the magnets in the correct direction, verifying the results
and repeating if necessary. The time taken to carry out
these adjustments is estimated at ten minutes per land-
ing.

The solution which is currently used to resolve this
problem consists in replacing the SPR by an apparatus
capable of providing information on the actual height of
the car continuously. One can thus determine the exact
height of the stopping commands and activate the stop-
ping commands by a program, however the disadvan-
tage of this solution is that the apparatuses capable of
giving an absolute position (telemetry laser, steel sen-
sor, tape encoder etc.) are very bulky and are not, there-
fore, suitable for standard two speed or hydraulic eleva-
tors, even if they save time during maintenance.

The present invention seeks to remedy these dis-
advantages by proposing an elevator car stopping po-
sition adjusting system which no longer requires manual
adjustment of the magnet.

Another object of the invention is to provide a ad-
justing system of this type which allows a precise stop-
ping position to be obtained.

These objects are achieved thanks to the adjusting
system according to the invention which comprises:

A system for automatically adjusting the stopping
position of an elevator car, comprising:

- two magnetic sensors fixed on the car, one above
the other, to respectively provide stopping informa-
tion on descent and stopping information on ascent,

- a magnet fixed in the hoistway, said sensors and
magnet being positioned according to the theoreti-
cal dimensions of the assembly,

- and a stopping command logic which receives the
stopping information from said sensors and pro-
vides a stopping command to the car drive means,
characterised in that said system further comprises:

- speed measuring means to measure the speed of
displacement of the car before each stop at different
levels,

- amicroprocessor in which are stored in memory all
of the values of the stopping precision (P,) meas-
ured empirically at each level, in both directions of
displacement of the car,
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- astopping management program adapted to calcu-
late a delay T using the formula T = P/v in which
P, is the stopping precision at a level and in a given
direction of displacement, whose value is stored in
the microprocessor memory, and v is the actual
speed of the elevator car measured by the speed
measuring means at said level and in said direction
of displacement,

- andadelay module which includes said delay in the
stopping information provided by the corresponding
magnetic sensor, such that the stopping of the car
will be delayed by said delay to occur at a time when
the stopping precision is substantially zero.

The invention also concerns a method of adjusting
the stopping position of an elevator car, characterised
in that it comprises:

a) integrating in the control logic of the elevator a
microprocessor in which are stored the stopping
precision values (P,) for all levels and in both direc-
tions of displacement of the car,

b) installing the magnetic sensors on the car and
the magnet in the hoistway, in accordance with the
theoretical dimensions of the assembly,

¢) mounting on the cabin and in the hoistway a
speed measuring means which measures the
speed of the car at an instant when it is constant
before the car stops at a landing,

d) calculating the delay T = P,/v from the value of
the stopping precision P, for the level and the di-
rection of displacement under consideration, stored
in the memory of said microprocessor and the ac-
tual speed v before arrival at said level,

e) including this delay in the stopping information
that the sensors provide to the control logic, such
that stopping is delayed by said delay and occurs
at a time when a stopping precision is substantially
zero.

Thanks to the invention, considerable time is saved
on site when installing the elevator, since it avoids climb-
ing on the roof of the elevator and controlling the height
of the magnets by trial and error. It is estimated that the
saving in time is 8 minutes per level.

Another advantage of the invention lies in the fact
that the sensors and the magnets can be positioned in
avery approximate manner then errors can be corrected
easily. The supports of the sensors and the magnets can
moreover be simplified by eliminating their adjustment
possibility.

The saving in time thus realised is 5 more minutes
per level.

The adjusting apparatus according to the invention
can be realised at low cost, integrating the microproc-
essor in the control logic with which all elevator instal-
lations are normally provided and using, as an appara-
tus for measuring speed, the optical fork speed detector
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which is the subject of French Patent Application No. 95
08428, filed in the name of the present applicants.

The present invention will be better understood
from reading the following description of one way of car-
rying out the invention, given by way of example only,
with reference to the accompanying drawings in which:

Fig. 1 schematically shows an elevator provided
with magnetic sensors and magnets, as known in
the art;

Fig. 2 is a schematic view of an elevator equipped
with the same sensors and magnets and also an
optical fork speed measuring system and a stop-
ping position adjusting system according to the
present invention; and

Fig. 3 is a flow chart showing the operation of the
adjustment system according to the invention.

Fig. 1 having already been described, we all pass
directly to the description of Figure 2. This Figure again
shows the elevator car 10, the magnet 18 fixed thereon
and the magnetic sensors 20, 22 fixed on the elevator
car.

At the instant when the magnetic sensors 20, 22
meet a magnet 18, they emit logic signals which are
transmitted via conductors, such as 24, to a stopping
command unit which, preferably, may be integrated in
the control logic 26, with which the elevator installation
is normally provided. The control logic 26 comprises an
input 28 which receives from the magnetic sensors 20,
22, information about their meeting with the magnets 18
and an output 30 at which a stopping command is pro-
vided and sent to the elevator drive means.

According to the invention, the elevator is also
equipped with an apparatus for measuring the speed of
displacement of car, for example an optical fork appa-
ratus which is well known in the field. As is known, such
a system comprises an optical fork 32 comprising two
crossed arms housing respectively an infra-red emitter
and an infra-red receiver, the fork being fixed to the el-
evator car 10 such that the arms are in a horizontal plane
and the infra-red beam 34 horizontally traverses the
space between the arms.

The speed measuring apparatus also comprises a
number of flags 36, 38 comprising plates which are
opaque to infra-red radiation, the flags being fixed ver-
tically in the hoistway at heights where it is desired to
measure the speed of displacement of the car, being dis-
posed in a manner such that they cut the infra-red beam
34 each time the optical fork passes their level. In Figure
2, only two flags associated with the level are shown.
The upper flag 36 serves to measure the speed during
descent, while the lower flag 38 serves to measure the
speed during ascent.

The infra-red receiver emits signals having a first
logic state when the infra-red beam passes and a sec-
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ond logic state when the beam is cut. The signals are
transmitted by a conductor 40 to a calculation unit 42
which, preferably, can be integrated in the control logic
26.

From these signals, the calculation unit calculates
the period At of interruption of the infra-red beam by a
flag, then the speed of displacement v of the car using
the formula v = h/At, h being the height of the flag which
has cut the beam.

The adjustment system according to the invention
comprises a microprocessor 44 which stores in memory,
all of the values of the stopping precision at the different
levels where stopping is effected, in the two directions
of displacement, and with an equilibrium load on board
the elevator (about 45% of the nominal load). These val-
ues have been previously measured during installation.

The adjustment system also comprises a stopping
management program 46 arranged to calculate a delay
T using the formula T = P/v in which:

P, is the value of the stopping precision stored in
the microprocessor 44 and corresponds to the level
where stopping will be effected with the equilibrium
load and for a displacement of the cabin in the di-
rection of displacement under consideration,

and v is the speed of displacement of the car, meas-
ured just before stopping. It is important to use the
actual speed as, if the nominal speed given by the
constructor is used, the precision is worsened while
the delay is increased.

If the elevator has a tendency to want to stop before
the landing, the delay T is added to that which separates
the stopping information and the stopping command,
such that the stopping command is delayed and the final
height of stopping is adjusted.

If, on the other hand, the elevator has a tendency
to want to stop after the landing, one cannot anticipate
the stop as it is not possible to add a negative delay. To
remedy this, it is sufficient to position the sensors and
the magnet in a manner such that the stopping informa-
tion will always be given well before the stopping com-
mand such that one may always integrate a minimum
delay.

It should be noted that the system according to the
invention does not allow the variation in the stopping po-
sition to be corrected as a function of the load. The cor-
rection of the stopping position which is obtained is only
valid for the same load condition in which the values
stored in the microprocessor were measured. In other
load cases, the system will correct the stopping height
as if the load was nominal and it will then be necessary
to carry out an adjustment of the stopping position as a
function of the load in the car. This adjustment will be
made as for the manual adjustment of the magnets.

The set of operations carried out by the control logic
26 is summarised by the flow diagram of Figure 3.
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At stage 50, the magnetic sensors detect if the ele-
vator car has arrived at a stopping level and if the speed
has become equal to the minimum speed before stop-
ping. If this is not the case, the program is not initialised.
If YES, at stage 52, the calculating unit 42 calculates the
period At and the actual speed of the displacement of
the car.

Once the speed is calculated, the system can, at
that stage 54, look up the correction stopping precision
value for the landing and the direction of displacement
under consideration from the data stored in the micro-
processor 54. This value of stopping precision and the
speed previously registered in the preceding stage are
put into the equation T = P/v, and this formula is then
executed. This result is stored in memory and its value
is input into a delay module 48 placed between the stop-
ping information given by the sensors 20, 22 and the
stopping command.

At stage 56, the system checks if the detection of
the stopping information has taken place. If this is the
case, the delay module is initiated in stage 58.

At stage 60, the system checks if the delay is com-
pleted. If YES, the stopping information is transferred to
the stopping management program at stage 62.

The applicant has tested the system according to
the present invention and, in order to do that, the mag-
nets were placed to give the stopping heights well before
the assumed landings (about 100 mm minimum) and at
different values for each level. For a car with the equi-
librium load, the correction carried out by the system re-
stored the stopping precision to a value less than 2 mm.
In varying the load a variation of the stopping precision
identical to the measured value before installation of the
system was recorded, i.e. the system has no influence
on the stopping precision in the case of a loaded car.

Claims

1. A system for automatically adjusting the stopping
position of an elevator car, comprising:

- two magnetic sensors (20, 22) fixed on the car
(10), one above the other, to respectively pro-
vide stopping information on descent and stop-
ping information on ascent,

- amagnet (18) fixed in the hoistway (12), said
sensors and magnet being positioned accord-
ing to the theoretical dimensions of the assem-
bly,

- and a stopping command logic (26) which re-
ceives the stopping information from said sen-
sors and provides a stopping command to the
car drive means, characterised in that said sys-
tem further comprises:

- speed measuring means (32, 36, 38) to meas-
ure the speed of displacement of the car before
each stop at different levels,
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- a microprocessor (44) in which are stored in
memory all of the values of the stopping preci-
sion (P,) measured empirically at each level, in
both directions of displacement of the car,

- astopping management program (46) adapted 5
to calculate a delay T using the formula T = P/

v in which Py is the stopping precision at a level
and in a given direction of displacement, whose
value is stored in the microprocessor memory,
and v is the actual speed of the elevator car 10
measured by the speed measuring means at
said level and in said direction of displacement,

- and a delay module (48) which includes said
delay in the stopping information provided by
the corresponding magnetic sensor, such that 15
the stopping of the car will be delayed by said
delay to occur at a time when the stopping pre-
cision is substantially zero.

A system according to claim 1, characterised in that 20
said speed measuring apparatus comprises an op-
tical fork (32) fixed on the car (10) and a plurality of
flags (36, 38) fixed in the hoistway (12).

A method of automatically controlling the stopping 25
position of an elevator car using the system of
claims 1 or 2, characterised in that it comprises:

a) integrating in the control logic (26) of the el-
evator a microprocessor (44) in which are 30
stored the stopping precision values (P,) for all
levels and in both directions of displacement of

the car,

b) installing the magnetic sensors (20, 22) on

the car and the magnet (18) in the hoistway, in 35
accordance with the theoretical dimensions of

the assembly,

¢) mounting on the cabin and in the hoistway a
speed measuring means (32, 36, 38) which
measures the speed of the car at an instant 40
when it is constant before the car stops at a
landing,

d) calculating the delay T = P/v from the value

of the stopping precision P, for the level and

the direction of displacement under considera- 45
tion, stored in the memory of said microproces-

sor and the actual speed v before arrival at said
level,

e) including this delay in the stopping informa-

tion that the sensors provide to the control logic, 50
such that stopping is delayed by said delay and
occurs at a time when a stopping precision is
substantially zero.

55



EP 0 757 966 A1

7 / / 10y 2
24 ’
16— 20
187 D L -Z
y
777/ %
FIG.1
12 p
Y Ut
L MTA
32— ': J 40
34— [
181 J 7 28 42
wz2{H | % K13
W‘ i 1{10 48]
46
/) Go 0] - Ax
| —




EP 0 757 966 A1

\ |

Soosel foe wolue of ddaneo ko cossect
npul this valve ond Sped WD quokion
(T=Palv), e @slk + npuk value ¥
d&Q\S cnadule

s6

<% “

i
Stock dolow moeda

6o N
) Do\oy
l Qrpvwed) !
i Y
Tronsfer Avpengy wWwlo. Yo epoied
\ONOOR NN fASNNC

&




EPQ FORM 1503 03.32 (PO4CO1)

9J

EP 0 757 966 A1

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 96 30 5644

DOCUMENTS CONSIDERED TO BE RELEVANT
Cat Citation of d with indication, where appropriate, Relevant CLASSIFICATION OF THE
cgory of relevant passages to claim APPLICATION (Int.C1.6)
A EP-A-0 382 933 (INVENTIO AG) 22 August 1-3 B66B1/44
1990
* column 2, line 7 - line 32 *
* column 4, line 9 - line 12 *
* column 5, line 35 - column 6, line 18 *
* column 6, line 44 - line 52 *
* figures 1,5 *
A US-A-4 256 203 (MASEL MARVIN) 17 March 1-3
1981
* abstract; claims *
A GB-A-2 061 559 (ELEVATOR GMBH) 13 May 1981{1-3
* page 4, line 34 - line 58 *
* claims *
TECHNICAL FIELDS
SEARCHED (Int.C1.6)
B668B
The present search report has been drawn up for all claims
Place of search Date of campletion of the search Examiner
THE HAGUE 13 November 1996 Salvador, D
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasans
A : technoiogical background
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

