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(54)  An elevator system and a method for controlling elevator safety

(67)  The invention is related to an elevator system
and to a method of supervising elevator safety. The ele-
vator system comprises an elevator car (1), a drive unit
(2, 6) configured to drive the elevator car (1), a first meas-
uring device (3) for measuring elevator load weight (4),
a second measuring device (3’, 3") for measuring eleva-
tor load weight (4), the second measuring device (3’, 3")
being independent from the first measuring device (3)
and a safety control unit (5) associated with the drive unit
(2, 6). The safety control unit (5) comprises an input chan-
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nel (8A) for receiving a first elevator load weight informa-
tion (10) from the first measuring device (3), an input
channel (8B) for receiving a second elevator load weight
information (10’) from the second measuring device (3,
3") and a comparator (9) configured to compare the first
elevator load weight information (10) with the second el-
evator load weight information (10’) and to output a com-
parison result (12). The safety control unit (5) is config-
ured to selectively allow or block elevator operation
based on the comparison result (12).

Fig. 2
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Description

Field of the invention

[0001] The invention relates to solutions for controlling
elevator safety.

Background of the invention

[0002] An elevator system may comprise an elevator
car operable to move vertically inside an elevator shaft
between stopping floors. An electric drive unit may be
adopted to drive the elevator car. The drive unit may in-
clude a hoisting machine having an electric motor and a
traction sheave mounted to the axis of the electric motor,
as well as a power converter for supplying power to the
electric motor. The elevator car may be coupled to the
rotation of the traction sheave via a hoisting roping, such
that elevator car moves when the electric motor drives
the traction sheave.

[0003] Elevator cars are commonly used for hoisting
cargo. In this context specific loading equipment (truck
etc.) is often needed to move the cargo to inside the el-
evator car and also to remove the hoisted cargo after-
wards from the elevator car. Sometimes loading / unload-
ing of the car also requires the loading equipment to enter
inside the elevator car, in which case it has to be assured
that elevator system is dimensioned to carry the extra
weight of the loading equipment also.

Aim of the invention

[0004] Thereisageneralneedofdesigning anelevator
system such that in can be fitted into a limited space of
the building. To achieve this, size of the elevator compo-
nents, such as the electric drive unit should be minimized.
[0005] It is objective of this invention to introduce a
solution which enables downsizing of the drive unit, in
particularin elevators useful for hoisting cargo. Therefore
the invention discloses an elevator system according to
claim 1 and a method according to claim 12. Some pre-
ferred embodiments of the invention are described in the
dependentclaims. Some inventive embodiments, as well
as inventive combinations of various embodiments are
presented in the descriptive section and in the drawings
of the present application.

Summary of the invention

[0006] Anaspectoftheinventionisan elevatorsystem,
comprising an elevator car, an electric drive unit for driv-
ing the elevator car, a first measuring device for meas-
uring elevator load weight and also a second measuring
device for measuring elevator load weight, the second
measuring device being independent of the first meas-
uring device. The elevator system further comprises a
safety control unit associated with the drive unit. The
safety control unit comprises an input channel for receiv-
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ing a first elevator load weight information from the first
measuring device, an input channel for receiving a sec-
ond elevator load weight information from the second
measuring device and a comparator configured to com-
pare the first elevator load weight information with the
second elevator load weight information and to output a
comparison result. The safety control unit is configured
to selectively allow or block elevator operation based on
the comparison result.

[0007] Another aspect of the invention is a method of
supervising elevator safety, the method comprising
measuring with a first measuring device a first elevator
load weight information, measuring with a second meas-
uring device a second elevator load weight information,
comparing the first elevator load weight information with
the second elevator load weight information, and if the
first elevator load weight information deviates from the
second elevator load weight information more than is a
preset threshold, then blocking elevator operation.
[0008] This means that presence / absence of loading
equipment inside the elevator car can always be moni-
tored with increased level of safety. Therefore it can be
assured that loading equipment has left elevator car be-
fore a new elevator run is allowed. This leads to an ad-
vantage that the elevator drive unit may be dimensioned
according to rated weight of cargo without having to take
into consideration weight of the loading equipment (truck
etc.).

[0009] The sentence "the second measuring device
being independent of the first measuring device" means
that a change or malfunction in the first measuring device
does not affect operation of the second measuring de-
vice, and vice versa.

[0010] Inthedisclosure the term "elevator load" means
a load affecting rope tension distribution in the hoisting
roping, at opposite sides of traction sheave. Such load
may be cargo loaded inside an elevator car. The weight
of said load (load weight) may be measured for example
with a pressure sensor of elevator car floor, strain gauge
measuring depression of elevator car floor or tension of
hoisting roping, or a current sensor measuring motor cur-
rent required to keep elevator car immovable while
brakes open.

[0011] According to an embodiment, the elevator car
is operable to transfer cargo from start floor to destination
floor.

[0012] According to an embodiment, the safety control
unit comprises a memory for setting a first comparator
threshold value, and that the comparator is configured
to create arequestfor calibration of the measuring device
if the deviation between the first elevator load weight in-
formation and the second elevator load weight informa-
tion exceeds the first comparator threshold value.
[0013] According to an embodiment, the memory is for
setting also a second comparator threshold value, the
second comparator threshold value being greater that
the first comparator threshold value, and that the com-
parator is configured to block elevator operation if the
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deviation between the first elevator load weight informa-
tion and the second elevator load weight information fur-
ther exceeds the second comparator threshold value.
[0014] According to an embodiment, the safety control
unitincludes an overload limit, and the safety control unit
is configured to block elevator operation if at least one
of the first and the second elevator load weight informa-
tion exceeds the overload limit. According to an embod-
iment, the first measuring device is associated with the
elevator car.

[0015] Accordingtoanembodiment, the second meas-
uring device is associated with the drive unit.

[0016] According to an embodiment, the elevator sys-
tem comprises a user interface for inputting weight infor-
mation of the load inside the elevator car, the user inter-
face being in communicative connection with the safety
control unit. The safety control unit is configured to as-
sociate the inputted weight information with elevator load
weight information issued by the first and / or the second
measuring device, for calibrating said measuring device.
[0017] Accordingto an embodiment, if the first elevator
load weight information is similar to the second elevator
load weight information within the preset threshold, then
allowing elevator operation.

[0018] According to an embodiment, the safety control
unit is configured to convert at least one of the first and
the second elevator load weight information such that
they both refer to a same physical quantity. This means
that the corresponding load weight information is / are
converter before being compared in the comparator.
[0019] According to an embodiment, comparing at
least one of the first elevator load weight information and
the second elevator load weight information to an over-
load limit, and if said at least one of the first elevator load
weight information and the second elevator load weight
information exceeds the overload limit, then blocking el-
evator operation.

[0020] The preceding summary, as well as the addi-
tional features and additional advantages of the invention
presented below, will be better understood by the aid of
the following description of some embodiments, said de-
scription not limiting the scope of application of the in-
vention.

Brief explanation of the figures

[0021]

Fig. 1 represents as a schematic diagram of an
elevator system according to the disclo-
sure.

Fig. 2 presents some functional elements of the
safety control unit in the elevator system
of figure 1.

Figs. 3a,3b  present some control parameters of the

of fig. 2 safety control unit.
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More detailed description of preferred embodiments of
the invention

[0022] For the sake of intelligibility, in figs 1 - 3 only
those features are represented which are deemed nec-
essary for understanding the invention. Therefore, for in-
stance, certain components / functions which are widely
known to be present in corresponding art may not be
represented.

[0023] In the description same references are always
used for same items.

[0024] Figure 1 represents an elevator system, which
comprises an elevator car 1 and a counterweight 20 fitted
to move vertically along guide rails in an elevator shaft
19. Elevator car travels in elevator shaft 19 between stop-
ping floors according to service requests from call-giving
devices. An elevator control unit 7 is operable to process
the service requests and calculate a target speed for
movement of the elevator car 1. An electric drive unit is
mounted near top end of elevator shaft 19. The electric
drive unit includes a hoisting machine 6 having a perma-
nent magnet motor and a traction sheave mounted to the
axis of the permanent magnet motor, as well as a fre-
quency converter 2 connected to the stator of the per-
manent magnet motor for supplying power to the electric
motor. The elevator car 1 and the counterweight 20 are
suspended with a hoisting roping 21. The hoisting roping
21 runs via traction sheave of the hoisting machine 6.
Permanent magnet motor drives the traction sheave
causing elevator car 1 and counterweight 20 to move in
opposite directions in elevator shaft 19.

[0025] In some embodiments, the electric drive unit is
disposed in elevator shaft pit. The elevator system has
a hoisting roping, which is coupled to the hoisting ma-
chine disposed in the pit. The elevator system has further
a suspension roping which is coupled to at least one pul-
ley near top end of the shaft 19. Hoisting machine drives
elevator car/counterweight by pulling the hoisting roping,
whereas the suspension roping only suspends elevator
car / counterweight such that no pulling force is applied
to it with the hoisting machine.

[0026] The term "roping" is understood to refer to tra-
ditional circular ropes as well as belts, which ropes / belts
may be manufactured of any suitable materials such as
steel wires, synthetic fibers, polyurethane etc.

[0027] In some embodiments the electric drive unit is
disposed in a machine room separate from the shaft 19.
[0028] The elevator according to the disclosure may
also be implemented without a counterweight.

[0029] The elevator of figure 1 is so called "passenger
goods elevator", which means it is suitable for hoisting
cargo also. The car 1, car frame, safety gear, guide rails
and hoisting machine brakes are dimensioned such that
a truck or corresponding cargo loading equipment may
enter inside the elevator car.

[0030] On the other hand, for space-saving purposes
and to reduce costs the electric drive unit (hoisting ma-
chine 6 plus frequency converter 2) of the elevator is
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dimensioned to drive the cargo only, thus itis not capable
of hoisting the additional cargo loading equipment.
[0031] To make sure that elevator run does not start
as long as the cargo loading equipment is still inside the
elevator car 1, the elevator system of figure 1 contains a
load monitor, which is implemented as a reciprocal mon-
itor of the elevator car load. Operation and construction
of the load monitor is disclosed hereinafter.

[0032] The load monitor has two independent meas-
uring devices 3, 3’, 3" for measuring elevator load weight
4. Many different kind of measuring devices may be used
in this respect, but the measuring devices 3, 3’, 3" used
must be independent of each other, e.g. change or mal-
function of one measuring device does not affect opera-
tion of the other measuring device, and vice versa. In
some embodiments, the measuring device is a strain
gauge associated with the elevator car 1. In an embod-
iment the strain gauge 3 is coupled to the elevator car 1
floor to measure floor depression caused by weight of
load inside the elevator car 1. In an embodiment the strain
gauge 3" is coupled to hoisting roping 21 to measure ten-
sion of the roping, which changes as the amount of load
inside elevator 1 car changes. Further, in some embod-
iments the measuring device is a current sensor 3’ adapt-
ed to measure stator current of the permanent magnet
motor of the hoisting machine 6. Inthe permanent magnet
motor of figure 1, stator current is directly proportional to
motor torque. Further, because the motor torque corre-
sponds to the weight of load inside the elevator car 1,
the weight of load can also be determined from the stator
current. In a preferred embodiment the current sensor 3’
is in the main circuit of the frequency converter 2 and it
functions as a part of the current control loop during nor-
mal operation of the frequency converter 2.

[0033] The load monitor also comprises a computer-
based safety control unit 5. As represented in figure 1,
the safety control unit 5 is connected to elevator car 1
interface unit 22 via a data bus 8A. Safety control unit 5
receives from the car interface unit 22 via data bus 8A
measurement data from strain gauge 3, 3" associated
with the elevator car 1. This data represents a first ele-
vator load weight information (information about load in-
side elevator car 1).

[0034] Safety control unit 5 is further connected to the
frequency converter 2 via a second data bus 8B. Safety
control unit 5 receives measurement data of the current
sensor 3’ from data bus 8B. Safety control unit 5 also
receives from the elevator control unit 7 information of
elevator operation state. When safety control unit 5 reg-
isters a request for starting a new elevator run, it reads
from frequency converter 2 current sensor data repre-
senting stator current required to keep elevator car im-
movable after machine brakes are opened. This data is
directly proportional to torque required to compensate
weight of load inside elevator car 1. The safety control
unit 5 also converts the current sensor 3’ data to express
the weight of the compensated load such that it corre-
sponds to the first elevator load weight information. This
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converted data represents a second elevator load weight
information.

[0035] Safety control unit5 furtherincludes a software-
implemented comparator 9, see figure 2. Output 12 of
the comparator 9 controls a safety relay 13, which is con-
nected to elevator safety chain 14, such that safety chain
can be selectively opened or closed based on the com-
parison result from the comparator 9. As is known, open-
ing of the safety chain 14 causes interruption of power
supply to the hoisting machine 6 as well as closing of the
hoisting machine brakes 16 to brake the traction sheave,
therefore elevator operation can be selectively allowed
or blocked based on the comparison result. Instead of
safety chain also other kind of elevator safety configura-
tion may be adopted, but the basic safety operation prin-
ciple remains, e.g. blocking of elevator operation by in-
terrupting power supply to the hoisting machine 6 as well
as closing the hoisting machine brakes 16.

[0036] Operation principle of the comparator 9 is fur-
ther illustrated in figures 3a and 3b. The comparator 9 is
configured to compare the first elevator load weight in-
formation 10 received from strain gauge 3, 3" in elevator
car 1 with the second elevator load weight information
10’ received from current sensor 3’ of frequency convert-
er 2. The safety control unit 5 comprises a memory into
which afirst comparator threshold value 11 is stored. The
comparator 9 creates for elevator service function a re-
quest for calibration of the measuring device 3, 3', 3" if
the deviation between the first elevator load weight infor-
mation 10 and the second elevator load weight informa-
tion 10’ exceeds the first comparator threshold value 11.
In some embodiments the calibration request is repre-
sented on a display of manual user interface 18. In some
embodiments the calibration request is sent to a service
center via a remote link.

[0037] Calibrationtakes place by inputting via the man-
ual user interface 18 in kilograms the amount of load 4
inside the elevator car 1. Said load amount information
is sent from elevator control unit 7 to the safety control
unit 5. The safety control unit 5 then associates the in-
putted load amount information with the data received
from the measuring devices 3, 3’, 3". This action may
also be repeated with couple of differentloads measuring
values to improve the calibration result.

[0038] The memory of the safety control unit 5 further
includes a second comparator threshold value 11’ stored
therein, which second comparator threshold value 11’ is
greater that the first comparator threshold value 11. If the
deviation between the first elevator load weight informa-
tion 10 and the second elevator load information 10’ fur-
ther exceeds the second comparator threshold value 11,
the comparator 9 outputs a comparison result 12 that
causes opening of the safety chain 14 and therefore
blocking of further elevator operation. Elevator doors are
also opened and elevator users are instructed of the de-
tectedd failure. Further, in some embodiments failure in-
formation is sent to the remote service center via the
remote link.



7 EP 2 998 259 A1 8

[0039] The safety control unit also 5 includes an over-
load limit 17, which is stored in the memory. The software-
implemented comparator 9’ of the safety control unit 5
compares the first and / or the second elevator load
weight information 10, 10’ to the overload limit 17. If at
least one of the first 10 and the second 10’ elevator load
weight information exceeds the overload limit 17, the
safety control unit detects an overload situation and
blocks elevator operation by opening the safety chain 14
and keeping it open. Additionally, elevator users are in-
structed of the detected overload situation. Elevator op-
eration is not allowed until the overload situation is re-
moved, by removing the loading equipment from elevator
car 1, removing some of the cargo 4 from elevator car 1
etc..

[0040] In some embodiments, two independent strain
gauges 3, 3’ are used as measuring devices instead of
combination of a strain gauge 3, 3" and a current sensor
3’. This means that comparison of the load weight infor-
mation 10, 10’ is possible without opening the machinery
brakes 16.

[0041] The strain gauge 3, 3" measuring elevator load
can also be disposed in some other location. In some
embodiments, at least one strain gauge 3, 3" is fitted in
connection with a rope clamp of the hoisting roping 21.
In some embodiments, at least one strain gauge is fitted
in connection with one or more machinery brakes 16 for
measuring the braking force of the machinery brake(s)
16. Said braking force corresponds to the weight of load
inside the elevator car 1, thus the weight of load can be
determined from said braking force.

[0042] The safety control unit 5 disclosed may also in-
clude functionality other than the load monitor. The safety
control unit 5 may be a separate device or it may be
combined with some other elevator device, such as the
elevator control unit 7 or the frequency converter 2.
[0043] The invention is described above by the aid of
a few examples of its embodiment. It is obvious to the
person skilled in the art that the invention is not only lim-
ited to the embodiments described above, but that many
other applications are possible within the scope of the
inventive concept defined by the claims.

Claims
1. An elevator system, comprising:

an elevator car (1);

adrive unit (2, 6) configured to drive the elevator
car (1);

a first measuring device (3) for measuring ele-
vator load weight (4);

characterized in that the elevator system com-
prises:

a second measuring device (3, 3") for
measuring elevator load weight (4), the sec-

10

15

20

25

30

35

40

45

50

55

ond measuring device (3’, 3") being inde-
pendent of the first measuring device (3);
a safety control unit (5) associated with the
drive unit (2, 6), the safety control unit (5)
comprising:

an input channel (8A) for receiving a
first elevator load weight information
(10) from the first measuring device (3);
an input channel (8B) for receiving a
second elevator load weight informa-
tion (10’) from the second measuring
device (3, 3");

a comparator (9) configured to com-
pare the first elevator load weight infor-
mation (10) with the second elevator
load weight information (10’) and to out-
put a comparison result (12);

wherein the safety control unit (5) is config-
ured to selectively allow or block elevator
operation based on the comparison result
(12).

The elevator system according to claim 1, charac-
terized in that the elevator car (1) is operable to
transfer cargo (4) from start floor to destination floor.

The elevator system according to claim 1 or 2, char-
acterized in that the safety control unit (5) compris-
es a memory for setting a first comparator threshold
value (11), and that the comparator (9) is configured
to create a request for calibration of the measuring
device (3, 3’, 3") if the deviation between the first
elevatorload weight information (10) and the second
elevator load weight information (10’) exceeds the
first comparator threshold value (11).

The elevator system according to claim 3, charac-
terized in that the memory is for setting also a sec-
ond comparator threshold value (11°), the second
comparator threshold value (11’) being greater that
the first comparator threshold value (11), and that
the comparator (9) is configured to block elevator
operation if the deviation between the first elevator
load weight information (10) and the second elevator
load information (10°) further exceeds the second
comparator threshold value (11°).

The elevator system according to any of the preced-
ing claims, characterized in that the safety control
unit (5) includes an overload limit (17);

and that the safety control unit (5) is configured to
block elevator operation if at least one of the first (10)
andthe second (10’) elevator load weightinformation
exceeds the overload limit (17).

The elevator system according to any of the preced-
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ing claims, characterized in that the first measuring
device (3) is associated with the elevator car.

The elevator system according to any of the preced-
ing claims, characterized in that the second meas-
uring device (3’) is associated with the drive unit (2,
6).

The elevator system according to claim 7,charac-
terized in that the second measuring device (3’) is
operable to measure a physical quantity represent-
ing elevator drive torque.

The elevator system according to any of the preced-
ing claims, characterized in that the elevator sys-
tem comprises a user interface (18) for inputting
weight information of the load (4) inside the elevator
car (1), the user interface (18) being in communica-
tive connection with the safety control unit (5);

and that the safety control unit (5) is configured to
associate the inputted weight information with ele-
vator load weight information issued by the first (3)
and / or the second measuring device (3’, 3"), for
calibrating said measuring device (3, 3’, 3").

The elevator system according to any of the preced-
ing claims, characterized in that the safety control
unit is configured to convert at least one of the first
(10) and the second (10’) elevator load weight infor-
mation such that they both refer to a same physical
quantity.

The elevator system according to any of the preced-
ing claims, characterized in that the safety control
unit (5) is configured to register a request for starting
new elevator run, and in that the comparator (9) is
configured to compare the first elevator load weight
information (10) with the second elevator load weight
information (10’) and to output a comparison result
responsive to safety control unit (5) registering a re-
quest for starting a new elevator run.

A method of controlling elevator safety, the method
comprising:

- measuring with a first measuring device (3) a
first elevator load weight information (10)

characterized by:

- measuring with a second measuring device (3,
3 ") a second elevator load weight information
(10°),

- comparing the first elevator load weight infor-
mation (10) with the second elevator load weight
information (10’), and

- if the first elevator load weight information (10)
deviates from the second elevator load weight
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information (10’) more than is a preset threshold
(11’), then blocking elevator operation.

13. The method according to claim 12, characterized

by:

- if the first elevator load weight information (10)
is similar to the second elevator load weight in-
formation (10’) within the preset threshold (11°),
then allowing elevator operation.

14. The method according to claim 12 or 13, character-

ized by:

- comparing at least one of the first elevator load
weight information (10) and the second elevator
load weight information (10’) to an overload limit
(17), and

- if said at least one of the first elevator load
weight information (10) and the second elevator
load weight information (10’) exceeds the over-
load limit (17), then blocking elevator operation.

15. The method according to any of claims 12 - 14, char-

acterized by:

- polling for a request for starting a new elevator
run

- comparing the first elevator load weight infor-
mation (10) with the second elevator load weight
information (10’) responsive to registering a re-
quest for starting a new elevator run.
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