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(54)
ELEVATOR SYSTEM

(67)  The invention relates to an elevator system in-
cluding a calibration unit (14) receiving car-load informa-
tion provided from a load weighting device (11, 12), in-
formation indicating a position of an elevator car (3), and
motor-load information from an elevator drive unit (4, 17).
The calibration unit (14) calculates calibration data for
the car-load information after launch of a first-elevator
run, based on a difference between the car-load infor-
mation obtained before the first-elevator run and the mo-
tor-load information obtained during launch of the first
elevator run, and by taking into account an unbalance
and an uncompensation at the position of the launch of
the first elevator run. The elevator system (1) utilizines
the calculated calibration data to correct the car-load in-
formation obtained from the load weighting device (11,
12) in connection with subsequent elevator runs.

METHOD OF CALIBRARING A LOAD WEIGHING DEVICE OF AN ELEVATOR SYSTEM AND
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] Thisinvention relates to a solution for operating
an elevator system in a safe and efficient way. More par-
ticularly, the solution makes it possible to obtain correct
information about the status of the elevator system while
it is being operated.

DESCRIPTION OF PRIOR ART

[0002] In order to operate an elevator in a safe and
efficient way, information is needed about the load of the
operated elevator car. This information is needed to en-
sure smooth movement, butitis also essential for safety.
Elevator brakes are dimensioned for a specific full load
rating, which should not be exceeded for safety reasons
and for the comfort of the passengers. Additionally, ele-
vator systems are utilizing solutions for automatic mon-
itoring and testing of brakes. In order to obtain reliable
data from this monitoring and testing it is important to
know what the actual load is during the testing of brakes.
[0003] In order to obtain information about the current
load, elevator systems are provided with load weighing
devices (LWD) to measure the elevator car-load. The
car-load information is provided to an elevator control
unit, which is provided with a user interface having man-
ual potentiometers or other means facilitating, that serv-
ice personnel may calibrate the car-load measurement
result manually at different elevator-car positions and
with differentloads. Thisrequires, that differentreference
weights are loaded to the elevator car in turns, in order
to obtain required measurement results for different loads
at different positions.

[0004] A drawback with the previously known solution
is that it is very laborious and time-consuming, in partic-
ular as the calibration occasionally needs to be repeated.
This may become necessary in case modifications are
done to the elevator car, to the counterweight or to the
ropes of the elevator system, for instance.

SUMMARY OF THE INVENTION

[0005] An object ofthe presentinvention is to solve the
above-mentioned drawback and to provide a simple and
efficient solution for obtaining correct information about
the status of an elevator system. This object is obtained
with a method according to independent claim 1 and an
elevator system according to independent claim 5, where
calibration data for the car-load information is calculated
based on motor-load information by taking into account
the unbalance and uncompensation at the position.
[0006] Preferred embodiments of the invention are dis-
closed in the dependent claims.
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BRIEF DESCRIPTION OF DRAWINGS

[0007] Inthe following the presentinvention will be de-
scribed in closer detail by way of example and with ref-
erence to the attached drawings, in which

Figure 1 is a flow diagram of a method for operating
an elevator system, and

Figure 2 illustrates an elevator system.
DESCRIPTION OF AT LEAST ONE EMBODIMENT

[0008] Figure 1 illustrates a method for operating an
elevator system which is suitable for use in the elevator
system 1 illustrated in Figure 2, for instance.

[0009] In step A the unbalance between the weight of
an elevator counterweight 2 and the weight of an empty
elevator car 3 is determined. This can be done by meas-
uring motor 4 current, in other words motor-load, during
up and down test runs of the empty elevator 3 car before
launching said first elevator run (for transportation use)
and by storing the determined unbalance information into
a memory 16 of the elevator system 1. In praxis the un-
balance may be determined for the first time when the
elevator system in question is taken into use after instal-
lation. If needed, the measurements can be later repeat-
ed.

[0010] A solution for determining unbalance of an ele-
vator system is previously known and disclosed in
US2019330016A1, especially in equation 1.4. (referred
to as elevator system balance m,, therein). Step A can
be implemented by utilizing such a solution, for instance.
[0011] In step B the uncompensation of the elevator
system masses at different positions of the elevator shaft
is determined. Also this step can be done before launch-
ing a first elevator run (for transportation use) after in-
stallation of the elevator system, at which stage the un-
balance information is stored into a memory of the ele-
vator system, such as into a memory 16 of a calibration
unit 14.

[0012] The uncompensation ofthe elevator system de-
pends on the weight difference of hosting ropes 6, 7 hang-
ing on different sides of a traction sheave 5, for instance.
When the elevator car 3 and the counterweight 2 move
between different positions in the elevator shaft 8, such
as between differentfloors 9 and 10, the uncompensation
changes. Consequently, the uncompensation is different
when the elevator is at different positions.

[0013] In step B the uncompensation can be deter-
mined from US2019330016A1 equation 3.2. (referred to
as compensation error AB therein). Alternatively or ad-
ditionally, the measurements may be carried out at at
least two different positions with the load weighting de-
vice 11 or with other suitable measuring means, such as
by means of the motor-load information while holding the
elevator car standstill at the positions 9 and 10 during
measurement, it is assumed that the uncompensation
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varies linearly between these positions. This makes it
possible to calculate the uncompensation at any point
between these positions 9 and 10 by taking into account
the distance between these points.

[0014] In some elevator systems so called compensa-
tion ropes have been mounted below the elevator car
and counterweight to reduce the uncompensation. In
case such compensation ropes are in use, it may be suf-
ficient in step B to determine this and that the uncom-
pensation is zero or so small that it can be neglected.
[0015] In step C car-load information is obtained from
the load weighting device before launching the first ele-
vator run (for transportation use). In the illustrated exam-
ple, two different locations of load weighting devices are
illustrated by way of example, though in praxis it is suffi-
cient to utilize only one load weighting device for an el-
evator car. The weighting device 11 is a load cell con-
nected to a rope hitch of elevator hoisting ropes 6, while
the second alternative illustrated position for a load
weighting device 12 is in connection with the elevator car
3 floor, which may be suspended by springs, for instance,
such that it becomes possible to measure the load on
the elevator floor. The car-load information may be ob-
tained from the load weighting device 11 or 12 to an input
13 of a calibration unit 14 included in an elevator control
15.

[0016] In step D a check may be performed to ensure
that the car-load is below an overload threshold value.
This check may be carried out by the elevator control 15.
In case the car-load is not below the overload threshold
value, a launch of an elevator run may be prevented.
[0017] Elevator systems are manufactured with arated
load and operation of the elevator system should not be
allowed in case the car-load is too big. Consequently,
the elevator control may maintain in a memory 16 an
overload threshold value, which is compared to the ob-
tained car-load information to determine if launch of the
elevator run is allowed. In some cases, it may be prefer-
able to set the overload threshold value slightly above
the rated load of the elevator system. One alternative is
to set the overload threshold value to be 110% of the
rated load of the elevator system. In some alternative
cases the overload threshold value is set just higher that
the rated load but less that the 110 % limit.

[0018] In step E the firstelevator run (for transportation
use) is launched. At this stage in step F motor-load in-
formation is obtained an elevator drive unit 17 based on
realized motor current during launch of the first elevator
run. The elevator drive unit 17 may be a part of the ele-
vator control 15 and it may include a frequency controller
for controlling the electric motor 4 of the elevator system,
for instance. One alternative is that, after launch of the
first elevator run, the elevator car is kept standstill at the
launch position with torque from the elevator drive unit
4,17. Especially in modern vector-controlled drives, said
holding torque is consistent with the motor current. This
is in particular the case with synchronous permanent
magnet motors.
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[0019] In step G calibration data is calculated for the
car-load information based on a difference between the
car-load information and the motor-load information.
[0020] In order to improve the accuracy of the needed
calibration, the determined unbalance and also the un-
compensation at the position of the launch of the first
elevator run have been taken into account. A highly ac-
curate second value for car load information will be es-
tablished by substracting these known factors of unbal-
ance and uncompensation from the motor-load informa-
tion, which second value for car load information may
then be used as a reference for the car-load information
in generating the calibration data.

[0021] Forthis purpose the elevator system s provided
with one or more position sensors 17 providing an input
18 of the calibration unit 14 with an indication of the po-
sition of the elevator car 3. Naturally, the location or type
of the position sensor or sensors may vary depending on
the implementation.

[0022] In step H the calculated calibration data is uti-
lized to correct car-load information from the load weight-
ing device 11, 12 in connection with subsequent runs,
preferably during normal elevator operation. Conse-
quently, aninaccuracy regarding the weight of the loaded
elevator car can be minimized and eliminated, which
makes the elevator run more comfortable for the user,
improves the safety of the brakes during use and also
makes automatic testing of the brakes more reliable.
[0023] The illustrated calibration unit may be config-
ured to automatically repeat calculation of the calibration
data for the car-load information and take into use the
new calculated calibration data. Such calculations may
be carried out for each run, or periodically according to
a predefined schedule, for instance. Alternatively, the el-
evator system may be provided with a user interface 19
connected to the elevator control 15 such that mainte-
nance personnel can provide a control command via the
user interface 19 to control the calibration unit to repeat
the calculation of the calibration data.

[0024] Itisto be understood thatthe above description
and the accompanying figures are only intended to illus-
trate the present invention. It will be obvious to a person
skilled in the art that the invention can be varied and
modified without departing from the scope of the inven-
tion.

Claims

1. A method of operating an elevator system (1),
characterized in that the method comprises:

(A) determining an unbalance between an ele-
vator counterweight (2) and an empty elevator
car (3),

(B) determining uncompensation of the elevator
system masses at different positions (9, 10) of
the elevator shaft (8),
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(C) obtaining car-load information from a load
weighting device (11, 12) before launching a first
elevator run,

(F) obtaining motor-load information from an el-
evator drive unit (4,17) based on realized motor
current during launch of the first elevator run,
and

(G) calculating calibration data for the car-load
information based on a difference between the
car-load information and motor-load information
by taking into account said determined unbal-
ance and the uncompensation at the position of
the launch of the first elevator run, and

(H) utilizing the calculated calibration data in the
elevator system (1) to correct the car-load infor-
mation obtained from the load weighting device
(11, 12) in connection with subsequent elevator
runs.

2. The method according to claim 1, wherein the mo-
tor-load information is obtained by keeping the ele-
vator car (3) standstill at the launch position of the
first elevator run with torque from the elevator drive
unit (4, 17).

3. The method according to clam 1 or 2, wherein the
motor-load is determined based on the motor cur-
rent.

4. The method according to one of claims 1 to 3,
wherein the unbalance is determined by measuring
motor-load during up and down test runs of an empty
elevator car (3) before launching said first elevator
run.

5. The method according to one of claims 1 to 4,
wherein the uncompensation is determined by
measuring the unbalance at least at two different el-
evator car positions (9, 10), and by assuming that
the unbalance changes linearly between said two
different elevator positions (9, 10).

6. The method according to one of claims 1 to 5,
wherein

maintaining in a memory (16) an overload threshold
value,

(D) the car-load information is compared to the
overload threshold value, and

launch of elevator runs are prevented when the
car-load information indicates a car-load that ex-
ceeds the overload threshold value.

7. The method according to claim 6, wherein the
overload threshold value is selected to be 110% of

a rated load of the elevator system (1).

8. The method according to one of claims 1 to 7,
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wherein the elevator system (1) automatically re-
peats calculation of the calibration data for the car-
load information and takes into use the new calcu-
lated calibration data.

9. An elevator system, characterized in that the el-
evator system (1) includes a calibration unit (14)
comprising:

an input (13) receiving car-load information pro-
vided from a load weighting device (11, 12),
an input (18) receiving information indicating a
position of an elevator car (3),

an input (20) receiving motor-load information
from an elevator drive unit (4, 17), and

a memory (16) maintaining unbalance informa-
tion indicating an unbalance between an eleva-
tor counterweight (2) and an empty elevator car
(3), and uncompensation information of the el-
evator system masses at different positions (9,
10) of the elevator shaft (8), wherein

the calibration unit (14) calculates calibration da-
ta for the car-load information after launch of a
first-elevator run, based on a difference between
the car-load information obtained before the
first-elevator run and the motor-load information
obtained during launch of the first elevator run,
and by taking into account an unbalance and an
uncompensation at the position of the launch of
the first elevator run, as indicated by the unbal-
ance information and uncompensation informa-
tion stored in the memory (16), and

the elevator system (1) utilizing the calculated
calibration data to correct the car-load informa-
tion obtained from the load weighting device (11,
12)in connection with subsequent elevator runs.

9. The elevator system according to claim 8, wherein
the elevator system (1) comprises a memory (16)
maintaining an overload threshold value,

the elevator system compares the car-load informa-
tion the overload threshold value, and

the elevator system prevents launch of elevator runs
when the car-load information indicates a car-load
that exceeds the overload threshold value.

10. The elevator system according to claim 8 or 9,
wherein the calibration unit (14) automatically re-
peats calculation of the calibration data for the car-
load information and automatically takes into use the
new calculated calibration data.

11. The elevator system according to claim 8 or 9,
wherein the calibration unit (14) repeats calculation
of the calibration data for the car-load information
and the elevator unit takes into use the new calcu-
lated calibration data in response to a control com-
mand from a user interface (19) of the elevator sys-
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tem. 6. The method accordingto one of claims 1to 5, where-
in

Amended claims in accordance with Rule 137(2)
EPC. 5

maintaining in a memory (16) an overload
threshold value,

A method of operating an elevator system (1), char-
acterized in that the method comprises:

(D) the car-load information is compared to the
overload threshold value, and

launch of elevator runs are prevented when the
car-loadinformationindicates a car-load that ex-

(A) determining an unbalance between an ele- 10 ceeds the overload threshold value.
vator counterweight (2) and an empty elevator
car (3), The method according to claim 6, wherein the over-
(B) determining uncompensation of the elevator load threshold value is selected to be 110% of a rated
system masses caused by a weight difference load of the elevator system (1).
of ropes hanging on different sides of a traction 75
sheave at different positions (9, 10) of the ele- The method according to one of claims 1 to 7, where-
vator shaft (8), in the elevator system (1) automatically repeats cal-
(C) obtaining car-load information from a load culation of the calibration data for the car-load infor-
weighting device (11, 12) before launching a first mation and takes into use the new calculated cali-
elevator run, 20 bration data.
(F) obtaining motor-load information from an el-
evator drive unit (4,17) based on realized motor An elevator system, wherein that the elevator system
current during launch of the first elevator run, (1) includes a calibration unit (14) comprising:
and
(G) calculating calibration data for the car-load 25 an input (13) for receiving car-load information
information based on a difference between the provided from a load weighting device (11, 12),
car-load information and motor-load information an input (18) for receiving information indicating
by taking into account said determined unbal- a position of an elevator car (3),
ance and the uncompensation at the position of an input (20) for receiving motor-load informa-
the launch of the first elevator run, and 30 tion from an elevator drive unit (4, 17), and
(H) utilizing the calculated calibration data in the a memory (16) for maintaining unbalance infor-
elevator system (1) to correct the car-load infor- mation indicating an unbalance between an el-
mation obtained from the load weighting device evator counterweight (2) and an empty elevator
(11, 12) in connection with subsequent elevator car (3), and uncompensation information of the
runs. 35 elevator system masses, caused by a weight
difference of ropes hanging on different sides of
The method according to claim 1, wherein the motor- a traction sheave, at different positions (9, 10)
load information is obtained by keeping the elevator of the elevator shaft (8), characterized in that:
car (3) standstill at the launch position of the first
elevator run with torque from the elevator drive unit 40 the calibration unit (14) is arranged to cal-
(4, 17). culate calibration data for the car-load infor-
mation after launch of a first-elevator run,
The method according to clam 1 or 2, wherein the based on a difference between the car-load
motor-load is determined based on the motor cur- information obtained before the first-eleva-
rent. 45 tor run and the motor-load information ob-
tained during launch of the first elevator run,
The method according to one of claims 1 to 3, where- and by taking into account an unbalance
in the unbalance is determined by measuring motor- and an uncompensation, at the position of
load during up and down test runs of an empty ele- the launch of the first elevator run, as indi-
vator car (3) before launching said first elevator run. 50 cated by the unbalance information and un-
compensation information stored in the
The method according to one of claims 1 to 4, where- memory (16), and
in the uncompensation is determined by measuring the elevator system (1) is arranged to utilize
the unbalance at least at two different elevator car the calculated calibration data to correct the
positions (9, 10), and by assuming that the unbal- 55 car-load information obtained from the load

ance changes linearly between said two different el-
evator positions (9, 10).

weighting device (11, 12) in connection with
subsequent elevator runs.
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The elevator system according to claim 9, wherein

the elevator system (1) comprises a memory
(16) for maintaining an overload threshold value,
the elevator system is arranged to compare the
car-load information the overload threshold val-
ue, and

the elevator system is arranged to prevent
launch of elevator runs when the car-load infor-
mation indicates a car-load that exceeds the
overload threshold value.

The elevator system according to claim 9 or 10,
wherein the calibration unit (14) is arranged to auto-
matically repeat calculation of the calibration data
for the car-load information and automatically takes
into use the new calculated calibration data.

The elevator system according to claim 9 or 10,
wherein the calibration unit (14) is arranged to repeat
calculation of the calibration data for the car-load in-
formation and the elevator unit takes into use the
new calculated calibration data in response to a con-
trol command from a user interface (19) of the ele-
vator system.
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