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(57) Abstract: The present invention
discloses a solution for improving the
accuracy of a load weighing signal in
an elevator system. In the invention
the load weighing signal expressing the
sum of the forces exerted on the elevator
car or on the drive machinery or on the
elevator car and the car sling is received
from the load weighing arrangement;
the measuring signal about the vertical
acceleration of the elevator car when
the elevator car is moving or stationary

- —
1)

102

is received from the measuring means
of acceleration fixed in connection with
the elevator car or with the car sling; and
the load weighing signal is compensated
with the acceleration signal measured by
the measuring means of acceleration.
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ELEVATOR SYSTEM
FIELD OF THE INVENTION

The present invention relates to elevator systems.
More particularly, the present invention relates to a
method, a computer program and a system for improving
the quality of the load weighing signal of an

elevator.

- BACKGROUND OF THE INVENTION

In elevator systems a weighing arrangement is often
used to determine the mass of the passengers.
Measurement of the mass is performed e.g. with a floor
load weighing device, a car load weighing device, an
overhead Dbeam load 'weighing device or a drive
machinery load weighing device. In measurement based
on a car load weighing device, the car sling of the
elevator car is suspended e.g. hanging on a flexible
rope. The elevator car, for its .part, rests e.g. on
top of the flexible suspension inside the car sling.
The sensors connected to the weighing are disposed in
the area between the elevator car and the car sling.

In the case of an overhead beam load weighing device,

‘the load weighing device measures the deflection of

the top part of the car sling e.g. with strain gauges.
In other words it weighs the whole car sling i.e. the
mass of the elevator car and of the passengers. At the
same time the static frictions and kinetic frictions
of the guides and guide rails influence the weighing
result. In the case of a drive machinery load weighing
device, the weighing sensors are disposed in the
fixing elements of the drive machinery or of the drive
motor of the elevator such that they measure the

usually downward directed force exerted on the drive
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machinery by the ropes used to support the elevator

car and any counterweight.

The measurement results of load weighing devices are
also often used for measuring the movements and amount
of passengers. On the basis of the load weighing
signal it is endeavored to detect the people entering
the elevator car and likewise the people leaving the

elevator car.

One problem with prior art is that when the elevator
decelerates when arriving at a floor, the opening of
the doors of the cars 1is often started when the
elevator car is still moving. Furthermore, the
elevator car often jerks before finally stopping at
the destination floor. When these facts are combined
with the fact that the passengers inside the elevator
car simultaneously move about inside the elevator car,
various interferences from different sources are
transmitted to the weighing signal of the load

weighing device.

Since the load weighing signal is used elsewhere in
the elevator system than in counting the passengers, a
load weighing signal containing interference causes
difficulties to all these operational applications. In
addition, e.g. accelerations and decelerations cause

an offset of the zero point of the load weighing

signal.
It has earlier been endeavored to smooth a 1load
weighing signal containing interference e.g. by

averaging, calculating e.g. a sliding average. Using

averaging does not however remove e.g. the offset of
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the zZero point during e.g. acceleration and
deceleration nor is the detection of changes of speeds

occurring in the load weighing signal possible.

SUMMARY OF THE INVENTION

The purpose of the invention is to eliminate the
aforementioned drawbacks. More ©particularly, the
purpose of the invention is to disclose a new kind of
solution for filtering and significantly improving the

load weighing signal of an elevator.

The method, the computer program, and the system
according to the invention are characterized by what
is disclosed in the characterization part of claims 1,
8 and 10. Other embodiments of the invention are
characterized by what is disclosed in the other
claims. Some inventive embodiments are also presented
in the drawings in the descriptive section of the
present application. The inventive content of the
application can also be defined differently than in
the claims presented below. The inventive content may
also consist of several separate inventions,
especially if the invention is considered in the light
of expressions or implicit sub-tasks or from the point
of view of advantages or categories of advantages
achieved. In this case, some of the attributes
contained in the claims below may be superfluous from
the point of view of separate inventive concepts. The
features of the various embodiments can be' applied
within the scope of the basic inventive concept in

conjunction with other embodiments.

In accordance with the first aspect of the invention,
a method for improving the accuracy of a load weighing

signal in an elevator system is presented. In the
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method a load weighing signal expressing the sum of
the forces exerted on the elevator car or on the drive
machinery or on the elevator car and the car sling is
received from the 1load weighing arrangement, the
‘measuring signal about the vertical acceleration of
the elevator car is received from the measuring means
of acceleration fixed in connection with the elevator
car or with the car sling, and the 1load weighing
signal is compensated with the acceleration signal

measured by the measuring means of acceleration.

In accordance with the second aspect of the invention
a computer program is presented, which is arranged to
perform the method presented in some of the method
claims when run on a data processing appliance. The
computer program can be stored on a medium that is

readable with a data processing appliance.

According to the third aspect of the invention a
system for improving the accuracy of a load weighing
signal in an elevator system is presented. The system
comprises at least one elevator, a load weighing
arrangement of an elevator, which is arranged to
measure the sum of the forces exerted on the elevator
car or on the drive machinery or on the elevator car
and the car sling, and means for measuring the
vertical acceleration of the elevator car fixed in
connection with the elevator car or with the car
sling. In addition the system comprises an analysis
system, which is arranged to receive a load weighing
signal expressing the sum of the forces exerted on the
elevator car or on the elevator car and the car sling
or on the drive machinery from the 1load weighing

arrangement; to receive a measuring signal about the
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vertical acceleration of the elevator car from the
means; and to compensate the load weighing signal with

the acceleration signal measured by the means.

In one embodiment of the invention in the compensation
phase the load weighing signal is scaied with the sum
of the acceleration of the gravity of the earth
(acceleration constant g) and the measuring signal of
the measuring means of acceleration, and the =zero
offset caused by the mass of the car is removed from
the scaled 1load weighing signal, in which case the
compensated mass measured by the car locad weighing
device is obtained. In one embodiment of the invention
the car mass 1is estimated in accordance with the
following equation:

m (k)=m_(k-1)+S-e(k)

e(k) = G [(m 50 () = 2, (K = 1)) =m0 ]

S = { hissi tyhjd A (oviauki < X mm)}
where m_(k) is an estimate for the mass of the car with
the sample number k, mOyyp is the target weight for the
empty car displayed by the load weighing device, t=kAt
and At is the sampling interval, S=[0,1], X is the
predetermined parameter describing the degree of
opening of the door of the car and Gest 18 confirmation

of the estimation.

In another embodiment of the invention the 1load
weighing signal is scaled with the sum of the
acceleration constant g and the measuring signal of
the measuring means of acceleration, and the =zero
offset caused by the moving masses, such as e.g. the
mass of the elevator car, the car sling, the roping

and/or the counterweight, is removed from the scaled
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load weighing signal, in which case the compensated
mass measured by the car load weighing device is
obtained. In one embodiment of the invention the
friction component caused by the guides and guide
rails are also removed from the scaled load weighing

signal.

In one embodiment of the invention the elevator car is

driven between two floors, data about the shaft

frictions exerted on the car during the run between

the floors is collected and the collected data is used

as a condition monitoring indicator.

In one embodiment of the invention passengers arriving
in the elevator car and/or leaving from it are
detected on the basis of the compensated load weighing

signal.

One of the advantages of the present invention is that
it is possible, depending on the load weighing device
type, to effectively compensate the load weighing
device measurement for the phenomena caused by
acceleration by measuring fhe acceleration of the
elevator car and/or the car ' sling. The method
disclosed in the present invention also applies to
floor, car and overhead beam load weighing devices as
well as to drive machinery load weighing devices and
the method can be applied when the elevator car is

moving as well as when it is stationary.

Owing to the present invention the offset of the zero
point caused by accelerations and decelerations of the
elevator can be removed from the load weighing signal.

Further, the vibrations of the system excited by the
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movements of passengers are removed from the 1load
weighing signal. In the case of an overhead beam load
weighing de&ice and a drive machinery load weighing
device the offset of the zero point caused by friction

can also be compensated.

As a result of the present invention e.g. the
detection and counting of passengers is remarkably
easy from a clear signal that is free of interference.
As a result of the invention passenger counting is
facilitated in particular when openings of the doors
are started before the final stooping of the elevator
car at the floor (so-called advance opening). Since
advance opening increases the service capacity of an
elevator, it is possible with the solution according
to the invention to also favorably affect the service

capacity of the elevator.

LIST OF FIGURES

Fig. 1 presents one embodiment of the system according

to the invention.

Fig. 2a presents the behavior of an uncompensated load
weighing signal in the different phases of operation
of the elevator in the case of a car load weighing

device. ' ;

Fig. 2b presents the behavior of a compensated load
weighing signal in the different phases of operation
of the elevator in the case of a car load weighing

device.

Fig. 3 presents another embodiment of the system

according to the invention.
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Fig. 4a presents an example of compensated and of
uncompensated weighing in the case of an overhead beam

load weighing device.

Fig. 4b presents an example of acceleration-
compensated and friction-compensated load weighing
device measurements in the case of an overhead beam

load weighing device.

Fig. 5 presents an embodiment according to the

invention for estimating the car mass.

Fig. 6 presents a flow chart example of the structure

of the system according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 presents one embodiment of the system according
to the invention. In the embodiment presented by Fig.
1 the phenomena caused by the vertical acceleration of
the car is compensated out of the measurement of the
car load weighing device 106, such as the offset of
the zZero point produced by acceleration and
deceleration as well as the vibrations generated by
the masses of the car and their suspensions. The

measuring and compensation can be performed both while

.the elevator car is moving between floors and while

the elevator car is stopped e.g. at a floor. After the
compensation the measurement result corresponds to the
weighing performed with a fixed floor. The
acceleration data needed for the compensation is
obtéined from the acceleration sensor fixed to the
elevator car 102 or to the car sling 100. The sensors

of the car 1load weighing device 106 are disposed in
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the area between the elevator car 102 and the car
sling 100.

The car load weighing device 106 measures the sum of
the forces exerted on the elevator car 102, in which
case with the markings of Fig. 1 the following can be

written:
ZF,(t)=(m,(t)+m,)(g +a, () (1)

where my(t) is the mass of the passengers 104 at the
time t, m. is the mass of the car, g 1is the
acceleration of the gravity of the earth
(acceleration constant g) and ac(t) is the
acceleration of the car at the time t. If the car is
suspended with flexible suspension, the force exerted
on the elevator car 102 can be measured e.g. as the
displacement of the car with respect to the sling
100. Depending on the construction, this can be done
e.g. with strain gauges, by inductive remote
measurement. Alternatively it is possible to measure
the force directly, e.g. hydraulically with pressure

Sensors.

In order to obtain the mass from the force, the force

measurement (1) must be scaled with g:

g+a/ ()

Mo (2) = (mp(t)+mc)

LF,@) _
g

a, ()

=m,(t)+m, +———(m,(¢)+m,)
g :

In addition to this the zero offset, which is caused

by the mass m. of the car, must be removed from the
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load weighing measurement. In practice the actual m.

is not necessarily known, but instead it must be

replaced with the m, estimated from the data (in

other words, ﬁc ~ m:). In this case the mass measured

by the car load weighing device 106 becomes

My (8) = myn, (8) —m,

=m0+ 2D m (1) +m,) @
g

In equation (3) the acceleration of the elevator car
102 brings an interference term dependent on the mass
of the elevator car 102 and the combined mass of the
passengers 104 with it to the measurement. In other
words the car 1load weighing. device 106 measures
correctly only when the acceleration ac(t) of the
elevator car 102 is zero. The acceleration phase and
the deceleration phase give én (almost) constant wvalue
to a., which is seen as an offset of the zero point of
the car load weighing device 106 during a change of
speed. In a 1loading situation the passengers excite

the system to vibrate at its natural frequency.

Fig. 2a presents the behavior of an uncompensated load
weighing signal in the different phases of operation
of the elevator. The bottom part iof Fig. 2a presents
the car load weighing device signal when the elevator
initially moves at 1.6 m/s upwards, slows at a floor,
two passengers leave and one arrives, and finally the
elevator continues its journey upwards. The zero point
offsets caused by acceleration and deceleration are
clearly seen, as well as the reaction of the

mechanical vibration circuits to the steps of the
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passengers and to their moving between the car and the

floor.

The phenomena in the car 1load weighing measurement
caused by the acceleration of the car is compensated,
e.g. such that the acceleration of the car is
measured and by means of it the interference caused
by the acceleration of the car that is included in
the load weighing measurement is eliminated.
Previously in equation (2) the acceleration constant
g was used in the scaling. In the case of

compensation, the load weighing signal is scaled with

the term g+a,(¢):

LE()
g+a,(t)

gta.(t)

4
a0 Y

Mo (t) = (m,(&)+m,)

where 4.(t) is the measurement of the acceleration
sensor. In the following it is assumed that the
signal produced by the acceleration sensor installed
in its position describes with sufficient accuracy

the actual acceleration of the car, in other words

ac(t) = ac(t). In this case (4) is reduced to the

simple form:

mLWDO(t)zmp(t)+mc (5)

In equation (5) nothing surplus remains except the
zero offset caused by the mass of the car, which is

corrected as in the method presented earlier:

My () = M0 (0) — 11, =m,(?) (6)
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Fig. 2b presents a compensated load weighing signal.
At the top the speed of the elevator is presented, in
the center the uncompensated and the acceleration-
compensated load weighing signal in the same
coordinate system are presented. At the bottom just
the compensated signal is presented. With the method
presented above the interference caused by the
acceleration of the car can be compensated out of the

load weighing signal.

In one embodiment of Fig. 2b the compensated load
weighing signal'can still be filtered e.g. with a non-
linear median filter, which preserves the steep edges

of the signal but removes random interference peaks.

If the elevator car contains a floating floor and the
load is measured from the force exerted oh the floor,
what 1is presented above applies directle only the
mass of the car is replaced with the considerably

smaller mass of the floating floor.

Fig. 3 presents another embodiment of the system

according to the invention. In Fig. 3 an overhead beam

-load weighing device is used as a load weighing

device, which measures the deflection of the top part
of the sling typically with strain gauges. In other
words, it measures the total mass of the sling, the

car and the passengers. Simultaneously, the static

frictions and kinetic frictions of the car guides and

guide rails also affect the weighing result. The
passengers are not directly visible to the overhead
beam load weighing device, but instead the elastic

dampers of the suspension of the car are between.
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The situation examined in Fig. 3 is simplified in that
the elevator car 302 and the car sling 300 are defined
as a single mass. In this case the situation otherwise
corresponds to the case of the car load weighing
device (Fig. 1). In addition in the embodiment of Fig.
3 the friction of the guide raiis by is taken into

account in the compensation.

In the example of Fig. 3 it is further assumed that
the car and the sling are fixed securely to each
other. The case of the overhead beam load weighing
device 30% can thus be treated correspondingly to the
preceding car load weighing device. With the markings
of Fig. 3 the following 1s obtained for the

compensated mass at the time t:

lwd(t)_(’hCJr’hs) (7)

My () =

Iwd(t)

n. +m 8
+a.(0) (m, +m,) (8)

My, (8) =

where 1lwd(t) is the force measurement received from

the overhead beam load weighing device 306 at the time

t, a4, t) is the measurement of the acceleration sensor,

A

g is the acceleration of the gravity of the earth, m

c

is the estimate of the mass of the elevator car and m,

is the estimate of the mass of the car sling. Equation

(7) 1is an uncompensated and equation (8) is an
acceleration-compensated load weighing device
equation. ‘

Fig. 4a presents weighing performed with both methods

(uncompensated and compensated ‘weighing with an
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overhead beam load weighing device). Owing to the
simplification of the mechanical model, the vibrations
do not quite fully attenuate. In addition the friction
of the guides is seen in the compensatéd weighing when
the elevator is moving. A |

Since the model was simplified by assuming that the
elevator car and the car sling were a single structure
by removing the flexible suspensibn between them, the
vibrations do not fully atpénuate in this model. Also
the friction of the guides/guide rails is seen in the
weighing result as an offset from the zero point, when
the elevator has speed. In the case of roll guides,
the friction is mainly rolling friction in nature, in

which case the force résisting movement has the form

F,(t) = -bw(t) o (9)

This frictional force can be compensated out of the

‘load weighing measurement by adding a term

corresponding to it to equations (7) and (8).

M“”ﬂ@+@+aw» (10)

My, () =

wd(t)

no+ . +b vt 11
g +as (t) (mc ms Gv( )) ( )

n';LWD O =

~

where b; 1is the estimate of the friction of the

guides and the guide rails. From the standpoint of
estiméting parameters, the situation in the case of
the overhead beam load weighing device is more
complex compared to a car 1load weighing device

because two parameters must be estimated in the
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equations (10) and (11): the combined mass m, +m, of
the car and the sling as well as the estimate of
friction_,éc. The - problem can be solved e.g. as an

optimization task.

If the problem is solved as an optimization task, a

function that minimizes costs is first formed:
~ K | ~ ]
C(m, +rhs,bc))=2[mLWD(k,rhc +rhs,bc)¥0]z = min (12)
k=1

The idea in the cost function (12) is that the load
weighing measurement, compensated for both
acceleration and friétion, must with an empty
elevator be zero all the time during the run, in
which case by minimizing the squared error of the
terms deviating from zero the optimal estimates for
the unknown parameters are obtained. In practice the
task can be solved e.g. when the empty elevator
drives a run between two consecutive floors. The run-

time K measurement is collected in a data buffer, and

‘after the run has ended (12) is solved e.g. with a

prior-art linear optimization: algorithm. The
parameters thus made represent the average for the

particular floor-to-floor distance.

A run of an empty elevator, for its part, can be
inferred e.g. as follows. When the elevator has stood
at a floor free and with the doors closed for a long
enough time and when it leaves from there without
opening the doors to serve a landing call, it is very
probably empty. Apart from that, the parameters to be

estimated can be updated via a reasonably long time
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constant, in which case an individual failed
estimation changes the long-term average only a

little.

Especially in the <case of guide shoes it 1is
preferable to estimate the friction parameters and
the mass parameters in a single session from the
collected data material, because in this case the
effect of non-linear static frictions is avoided. In

the case of guide shoes, the friction force is by

‘nature so-called Coulombin friction. In other words,

it depends solely on the normal direction of the
force against the surface not on speed. In the case

of guide shoes the kinetic frictional force resisting

motion has the form ﬁ;=—s@ﬁ0(0)56. Static friction is

v>0
difficult to estimate and it varies very much along

with the position of the car and other such factors.

An estimate can however be given for it e.g. ﬁ;=5-ﬁ;.
) v=0 >0

The preceding equations (10) and (11) also apply with
a drive machinery load weighing device if the masses

of the roping and any counterweight are added to them.

Fig. 4b presents both acceleration-compensated and
friction-compensated léad weighing measurements. In
Fig. 4b at the top is the speed of the elevator and in
the center is the measurement compensated for both
acceleration and for friction. The bottom measurement
has also been filtered with a median filter, the
length of the window of which was 0.11 seconds.'
Filtering has removed vibration, as can be seen from

the center section of the lower figure.
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In one embodiment of the invention the estimation of
average friction factors between‘the floors is used
in condition monitoring. By colleCting e.qg. a
friction table about runs between consecutive floors,
a "shaft picture" is obtained of the frictions of the
guide rails in the different parts of the shaft. This
can be used e.g. as a condition monitoring indicator.
The data can be supplied e.g. to a service center,
where e.g. 1long-term monitoring of the trend for

frictions can be performed.

Fig. 5 presents an embodiment of the invention for
estimating the car mass m.. The automatic resetting to
zero of the load weighing device, in other words
estimation of 'the car mass m., can be performed
adaptively e.g. when it is knan that the car 1is
empty. Conventionally it has been possible to do this
e.g. when the car is standing free at a floor with the
door closed. In this case it can be assumed that the
car is empty and the load weighing device should show

Zero. o

In the solution presented in Fig. 5 the estimation can
also be performed when the empty car is moving. In
this case the 1load weighing device should actually
show zero all the time because the car is empty. The
resetting can be performed when the elevator is
standing empty with the doors closed, leaves from this
situation to serve a landing call and slows at the

floor until the doors are 800mm open.

It 1is, in fact, preferable that the resetting is
performed this way because the’ ' system receives

excitations during the zrun. In this case the
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adaptation mechanism receives information in the
different operating points of the system. In addition
the vibration and accelerations during  the run keep
the suspensioné in motion, as a result of which any
(non-linear) static frictions of the suspensions are

not able to influence the estimation process.

When the above conditions for the status of the
elevator are fulfilled (car empty, door open less
than 800mm)., estimation of the parameter m. can be
performed by iterating the samples received from the

load weighing device

&) = G [y (B) =, (k= 1) =m0 ]
m (k) =m (k—1)+S-e(k) (13)
S = { hissi vapaa A (ovi auki < 800 mm)}

where m (k) is an estimate for the mass of the car

with the sample number k, mOyyp is the target weight
for the empty car displayed by the load weighing
device, for which a value of 0 kg is normally given.

The dependency t=k:At binds the sampling time t and

the sample k, where At is the sampling interval. The
state variable S can receive the wvalues 0 or 1. The
estimate of the mass of the elevator car is corrected
with the estimation error e(k) only when the elevator
is known to be empty. Gest is the confirmation of the
estimate and determines how quickly the mass of the

car adapts towards its final wvalue.

It can be seen from Fig. 5 by way of an example how m,

adapts when the elevator is driven with the car empty

and when the adaptation mechanism (13) is active. In
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this embodiment the mass estimate of the car is
intentionally set as 200 kg in the initial situation.
In practice an error of this magnitude is only in
question when starting up the system for the very
first time. In the embodiment presented in Fig. 5, an
adequately accurate estimate for'the mass of the car
is found in approx. four seconds. As is seen in Fig.
5, the compensated load weighing signal reaches =zero

despite all motion.

The estimate of the mass of the car calculated above

m, can be used e.g. in the equation (6).

Fig. 6 presents one embodiment of the system according
to the invention. The system comprises an analysis
system 600, which receives measuring data from the
load weighing arrangement 604 and from the means 602
for measuring acceleration. Means 602 for measuring
acceleration réfers preferably to an acceleration
sensor, which is arranged e.g. in connecting with the
elevator car or with the car sling. The analysis means
600 is arranged to receive a load weighing signal
expressing the sum of the forces exerted on the
elevator car or on the elevator car and the car sling
or on the drive machinery from the load weighing
arrangement 604, to receive a measuring signal about
the vertical acceleration of the elevator car from the
means 602 and to compensate the load weighing signal
with the acceleration signal measured by the means 602
according to one of the preceding embodiments of the

present invention.

The analysis system 600 can be implemented with e.g. a

computer program, which when run on a data processing
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appliance performs the necessary analysis phases. In
another embodiment the analysis system 600 can be
implemented with a fully suitable appliance or with a
combination of an appliance and software. For
implementing the hardware and/or software, the
analysis system can comprise' one Or more memories,
which contain a computer program that performs the
analysis. The memory or memories can also contain
other applications and software components, which are
not described in more detail in this application. The
analysis system 600 can also comprise a central
processing unit, which can also comprise a memory oOr a
memory can be connected to it, which memory can
contain a computer program (or a part thereof), which
when run in the central processing unit performs at
least some or the performance phases required by the

invention.

The invention is not limited solely to the embodiments
described above, but instead many variations are
possible within the scope of the inventive concept

defined by the claims below.
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CLAIMS

1. Method for improving the accuracy of a
load weighing signal in an elevator system, in which
method:

characterized in‘that in the
method:

the load weighing signal expressing the sum of the
forces exerted on the elevator car or on the drive
machinery or on the elevator car and the car sling is
received from the load weighing arrangement;

the measuring signal about the vertical
acceleration of the elevator car is received from the
measuring' means of acceleration fixed in connection
with the elevator car or with the car sling; and

the load weighing signal is compensated with the
acceleration signal measured by the measuring means of
acceleration.

2. Method according to claim 1,
characterized in that the 1load weighing
arrangement comprises a car load weighing device and in
that in the compensation phase of the load weighing
signal:

the load weighing signal is scaled with the sum of
the acceleration constant g and the measuring signal
of the measuring means of acceleration; and

the zero offset caused by the mass of the car is
removed from the scaled load weighing signal, in which
case the compensated mass measured by the car 1load
weighing device ié obtained.

3. Method according to.any of claims 1 - 2
above, characterized in that the car mass is

estimated such that:
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m (k) =m_(k—-1)+S-e(k)
e(k) = G, [(m g () = e, (k = 1)) =m0 ]
S = { hissi tyhjd A (oviauki < X mm)}
where m/ (k) is an estimate for the mass of the car

with the sample number k, mOywp is the target weight
flor the empty car displayed by the 1load weighing
device, , t=kAt and At are the sampling interval,
S5=[0,1], X is the predetermined parameter describing
the degree of opening of the door of the car and Ges:

Gest 1s confirmation of the estimation.

4. Method according to claim 1,
characterized in that the load weighing
arrangement comprises an overhead beam load weighing
device and in that in the compensation phase of the
load weighing signal:

the load weighing signal is scaled with the sum of
the acceleration constant g and the measuring signal
of the measuring means of acceleration; and

the zero offset caused by the mass of the elevator
car and the car sling is removed from the scaled load
weighing signal, in which case the compensated mass
measured by the car load weighing device is obtained.

5. Method according to claim 4,
characterized in that in the method further:

the friction component caused by the guides and
guide rails are also removed from the scaled load
weighing signal.

6. Method according to any of claims 1 - 5
above, characterized in that in the method
further:

the elevator car is driven between two floors;
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data about the shaft frictions exerted on the. car
during the run between the floors is collected; and

the collected data is wused as a condition
monitoring indicator. -

7. Method according to any of claims 1 - 5
above, characterized in that the passengers
arriving in the elevator car and/or leaving it are
detected from the compensated load weighing signal.

8. Computer program, which when run in a data
processing appliance is arranged to perform any of the
methods presented in the method claims 1 - 7.

9. Computer program according to claim 8,
characterized in that the computer program
is stored on a medium readable with a data processing
appliance.

10. System for improving the accuracy of a
load weighing device signal, characterized
in that the system comprises:

at least one elevator (100, 102, 300, 302);

a load weighing arrangement (106, 306, 604) of an
eleﬁator (100, 102, 300, 302), which is arranged to
measure the sum of the forces exerted on the elevator
car or on the drive machinery or on the elevator car
and the car sling;

means (602) for measuring the vertical
acceleration of the elevator car fixed in connection
with the elevator car or with the car sling; and

an analysis system (600),4which is arranged:

to receive the 1load weighing signal
expressing the sum of the forces exerted on
the elevator car or on the drive machinery or
on the elevator car and the car sling from

the load weighing arrangemeﬂt (106, 306);
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to receive the measuring signal about the
vertical acceleration of the elevator car
from the means (602); and

to compensate the load weighing signal
with the acceleration signal measured by the

means (602).

11. System according to claim 10 above,
characterized in that the 1load weighing
arrangement (106, 306, 604) refers to a car 1load
weiéhing device and in that the analysis system (600)
is arranged:

to scale the load weighing signal with the sum of
the acceleration constant g and the measuring signal
of the measuring means of acceleration; and

to remove the zero offset caused by the mass of
the car from the scaled load weighing signal, in which
case the compensated mass measured by the car load
weighing device is obtained.

12. Method according to any of claims 10 - 11
above, characterized in that the analysis
system (600) is arranged to estimate the car mass such
that: o

m (k)=m_ (k—1)+S -e(k)

&(k) = G, [ o (k) =1, (k= 1)) =m0, ]

S = { hissi tyhjd A (oviauki< X mm)}
where m (k) is an estimate for the mass of the car with
the sample number k, mOyp is the target weight for the
empty car displayed by the load weighing device, t=kAt
and At is the sampling interval, S=[0,1], X is the
predetermined parameter describing the degree of
opening of the door of the car and Ges: 1s confirmation

of the estimation.
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13. System according to claim 10,
characterized in that the load weighing
arrangement (106, 306, 604) comprises an overhead beam
load weighing device and in that the analysis system
(600) is arranged:

to scale the load weighing signal with the sum of
the acceleration constant g and the measuring signal
of the measuring means of acceleration; and

to remove the zero offset caused by the mass of
the elevator car and the car sling' from the scaled
load weighing signal, in which case the compensated
mass measured by the car load weighing device 1is
obtained.

14. Systeﬁ according to claim 13,
characterized in that the analysis means
(600) are further arranged:

to remove also the friction component caused by
the guides and guide rails from the scaled 1load
weighing signal.

15. System according to any of claims 10 - 14
above, characteri z ed 1in that the analysis
system (600) is arranged:

to collect data about the shaft frictions exerted
on the car during the run between the ‘floors; and

to use the <collected- data as a condition
monitoring indicator.

16. Method according to any of claims 10 - 15
above, characterized in that the analysis
system (600) is arranged to detect the passengers
arriving in the elevator car and/or leaving from it on

the basis of the compensated load weighing signal.
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