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permitted speed.



10

15

20

- 25

WO 2011/086230 PCT/F12011/000003

METHOD FOR MONITORING THE MOVEMENT OF AN ELEVATOR CAR,
AND AN ELEVATOR SYSTEM

Field of the invention

The invention relates to the safety of elevators and more particularly to the monitoring

of the movement of an elevator car.

~ Background of the invention

The electric drive of an elevator attends to the moving of an elevator car in an elevator
hoistway between stopping floors. The control system of the elevator forms a target value
for the speed of the elevator car, ie. a speed referenée, for the electric drive. The speed
reference can be divided into the acceleration phase of a run, the phase of even speed, and
also the deceleration phase. The control system of the elevator starts the deceleration
phase of a run when the elevator car has arrived at a predefined distance from the
stopping floor. Normally the speed of the elevator car decelerates in a controlled manner

at the deceleration determined by the speed reference such that the speed of the elevator

~car decreases to zero when the elevator car arrives at the stopping floor. The aim,

especially when the elevator car stops at the terminal floor, is to ensure that the speed of
the elevator car decelerates rapidly enough, because otherwise the elevator car or the
counterweight is in danger of colliding with the end buffer. It is particularly important to
ensure adequate deceleration when using so-called shallow end zones, such as a shallow
pit of the elevator hoistway or shallow top clearance in the top' part of the elevator
hoistway. When using shallow end zones also the length of the end buffers, and therefore
the collision damping capability, is usually limited. To ensure deceleration of the elevator
car, the speed of an elevator car approaching the terminal floor is measured, and if the |
speed exceeds a set monitoring limit a mechanical stopping appliance, such as a safety
gear, is activated to stop the elevator car. The aforementioned monitoring limit can be
determined dependently on location such that the same value for the monitoring limit is.

always used in the same location and at the same distance from the end of the elevator

hoistway.
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A passenger in the elevator may find the gripping situation a quite unpleasant experience
owing to the significantly greater than normal deceleration of the elevator car during the
gripping. When the elevator is driving upwards, if the deceleration of the elevator car
were to exceed the acceleration of free fall of the attractive force of the earth’s gravity
when the elevator is driving upwards, there would be the additional danger that an
elevator passenger would rise into the air as a consequence of the gripping situation.
Additionally, during an emergency stop of the elevator car the deceleration might vary in
different parts of the elevator hoistway owing to, among other things, the effect of the
weight of the elevator ropes. Elongati.on of the elevator ropes, on the other hand, might
result in the speed of the elevator car during deceleration being momentarily greater than
that permitted even if the speed of the traction sheave of the hoisting machine were to
decelerate in the manner specified by the speed reference. Particularly with large travel
heights, speed monitoring could activate the safety gear as a result of instantaneous

overspeed caused by elongation of the elevator ropes.

Summary of the invention

The aim of the invention is therefore to disclose a method for monitoting the movement
of an elevator car, and also an elevator system wherein the movement of an elevator car

is monitored. According to the invention, the deceleration of the elevator car is

' increased progressively in connection with an emergency stop of the elevator car by

activating separate emergency braking procedures consecutively such that it is

endeavored to stop the elevator car with as small a deceleration as possible while,

- however, simultaneously taking into account the safety of the elevator passengers.

In relation to the characteristic attributes of the invention, reference is made to the
claims. Some inventive embodiments and inventive combinations of the various
embodiments are also presented in the descriptive section and in the drawings of the

present application.

The invention relates to a method for monitoring the movement of an elevator car. In

the method a first emergency braking procedure is activated for braking the elevator car
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at a first deceleration a; if the speed of the elevator car exceeds the first limit value vim;
for permitted speed, and in the method a second emergency braking procedure is further
activated for braking the elevator car at a second deceleration a, that is greater than the
first, if the speed of the elevator car exceeds the second limit value vﬁ,,g for permitted'
speed that is greater than the first limit value vy, for permitted speed. The
aforementioned first deceleration al of the elevator éar is preferably greater than the
normal deceleration of the elevator car according to the deceleration phase of the speed
reference vref. According to the basic idea of the invention the deceleration of the
elevator car is increased.progressively by activating consecutive emergency braking
procedures during an emergency stop such that the deceleration of the elevator car
achieved by the subsequent emergency braking procedure is always greater than the
~ deceleration of the elevator car achieved by‘ the | preceding emergency braking

procedure.

In one embodiment of the invention a third emergency braking procedure is further
activated for braking the elevator car at a third deceleration a3 that is greater than the
second, if the speed of the elevator car exceeds the third limit value vym3 for permitted

speed that is greater than the second limit value vym; for permitted speed.

In a preferred embodiment of the invention, as a first emergency braking procedure, the
speed of the elevator car is adjusted towards the target value for speed during an
emergency stop by controlling the electric drive of the elevator with a control unit of an
emergency stop and, as a second emergency braking procedure, one or more machinery
brakes of the hoisting machine of the elevator are activated. The aforémentioned target |
value for speed during an emergency stop is determined such that the target value for
speed decreases by the angular coefﬁcient determined by the first deceleration a;
according to the aforementioned first emergency stop procedure of the elevator car. The
aforementioned one or more machinery brakes of the hoisting machine of the elevator
is/are dimensioned, on the other hand, to exert braking force on the traction sheave of
the hoisting machine of the elevator, the second deceleration a, achieved by which
braking force is greater than the first deceleration a, according to the first emergency

stop procedure. In some embodiments of the invention one or more machinery brakes of
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“the hoisting machine are activated consecutively to each other such that first only one k

machinery brake is activated; after this, if the speed of the elevator car exceeds the set

limit value for permitted speed, a second machinery brake is further activated.

In a preferred embodiment of the invention, as a third emergency braking procedure, the
safety gear of the elevator car is activated. The safety gear is in this case dimensioned to
exert braking force between the elevator car and the guide rail, the third deceleration a3
achieved by which braking force is greater than the second deceleration a; according to

the second emergency stop procedure.

With regard to the second aspect, the invention relates to an elevator system, which
comprises an electric drive, for moving an elevator car in an elevator hoistway; a
machinery brake; a monitoring arrangement, which monitoring arrangement comprises
means for controlling the electric drive and the machinery brake; and which monitoring
arrangement is arrahged to _activaté a first emergency braking procedure for braking the
elevator car at a first deceleration a; if the speed of the elevator car exceeds the first
limit value vy, for permitted speed; and which monitoring arrangement is arranged to
further activate a second emergency braking procedure for braking the elevator car at a
second deceleration éz ‘that is greater than the first, if the speed of the elevator car
exceeds the second limit value vy, for permitted speed that is greater than the first limit
value vy, for permitted'speed. The aforementioned first deceleration al is preferably
greater than the normal deceleration of the elevator car according to the deceleration
phase of the speed reference vref. According to the basic idea of the invention the
deceleration of the elevator car is increased progressively by activating consecutive
emergency braking procedures during an emergency stop such that the deceleration of
the elevator car achieved by the subsequent emergency braking procedure is always
greater than the deceleration of the elevator car achieved by the preceding emergency
braking procedure. The aforementioned consecutive different emergency braking
procedures are preferably.independent of each other such that braking apparatuses
separate to each other are used in the different emergency braking procedures. The

progressive increase in deceleration in connection with the first and the second
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emergency braking procedure can be e.g. approx. ten pércent of the normal deceleration

of the elevator.

The monitoring arrangement according to the invention preferably comprises a control
unit of an emergency stop. In a preferred embodiment of the invention the control unit .
of an emergency stop is, as a first emergency braking procedure, arranged to adjust the
speed of the elevator car with the electric drive towards the target value for speed during
an emergency stop. The control unit of an emergency stop is preferably fitted into the
control system of the elevator such that the calculation performed By the control unit of
an emergency stop, said calculation being of the target value for the speed of the
elevator car during an emergency stop, is independent of any other calculation of the
speed reference of the elevator. The aforementioned target value for speed during an
emergency stop is determined such that the target value for speed decreases by the
angular coefficient determined by' the first deceleration a; according to the

aforementioned first emergency stop procedure of the elevator car.

In a preferred embodiment of the invention the monitoring arrangement is, as a second

- emergency braking procedure, arranged to activate one or more machinery brakes for

braking the elevator car at a second deceleration a, that is greater than the first. The
aforementioned one or more machinery brakes is/are dimensioned to exert braking force

on the traction sheave of the hoisting machine of the elevator, the second deceleration a,

achieved by which braking force is greater than the first deceleration a; according to the

first emergency stop procedure.

In a preferred embodiment of the invention the elevator syétem comprises a safety gear;
and the monitoring arrangement comprises meané for controlling the safety gear; and
the monitoring arrangement is in this case arranged to further activate the safety gear, as
a third emergency braking procedure, for braking the elevator car at a third deceleration
a3 that is greater than the second, if the speed of the elevator car exceeds the third limit
value vjim for pérmitted speed that is greater than the second limit value vy, for
permitted speed. Thé safety gear is in this case dimensioned to exert braking force °

between the elevator car and the guide rail, the third deceleratioﬁ a3 achieved by which
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braking force is greater than the sec;bnd deceleration a, according to the second

emergency stop procedure.

Each of the aforementioned limit values Vimi1, Vim2, Vims for pemiitted speed' of the
elevator car depends preferably upon the position of the elevator car on its path of
movement such that the limit value Vi1, Viim2, Viim3 for permitted speed, to which the
speed of the elevator car is compared, decreases when the position of the elevator car

towards the end of the elevator hoistway changes.

In a preferred embodiment of the invention the first limit value vyy,; for permitted speed

of the elevator car in this case decreases towards the end of the elevator hoistway by a

- gradient, which gradient depends on the aforementioned first deceleration a; of the

elevator car. The second limit value vjiy; for permitted speed of the elevator car, on the
other hand, decreases in this case by a gradient, which gradient depends on the
aforementioned second deceleration a, of the elevator car. The first limit value vy, for
permitted speed of the elevator car is in this case determined preferably by means of the
first deceleration ai of the elevator car and also the distance of the elevator car from the

terminal floor s, using the equation:
Vim1 =+ 2GS .

The second limit value vymy for permitted speed of the elevator car is in .this case
determined preferably by means of the second deceleration a, of the elevator car, the
distance of the elevator car from the end buffer d and also the permitted buffer collision

speed v, using the equation:

2
Vima = ‘/Zazd +Voy -

The third limit value vyms for permitted speed of the elevator car, on the other hand, in
this case preferably decreases by a gradient, which gradient depends on the |
aforementioned third deceleration a3 of the elevator car. The third limit Valﬁe Viim3 for
permitted speed of the elevator car is in this case determined preferably by means of the

third deceleration a; of the elevator car, the distance of the elevator car/counterweight
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from the end buffer d and also the permitted buffer collision speed vco, using the

equation:

: _ 2
Vims = 263d + V-

It must be noted here that above the constant values are used for the first a;, the second
a, and the third a3 deceleration of the elevator car. In practice, however, the deceleration
might vary slightly during the braking, e.g. owing to variation in the structure of the
braking apparatus, in the braking method and/or in the friction. In this case the first a,,
the second a; and the third a3 deceieration are understood to be the average deceleration
during braking. The first limit value vym; for permitted speed of the elevator car
presented above approaches the speed reference of the elevator car during the
deceleration phase of the speed reference. For this reason, when the elevator car
approaches a stopping floor an instantaneous fluctuation in the speed of the elevator car
could cause unnecessary activation of the first emergency braking procedure. In order to
prevent this the first limit value for speed is often increased in the proximity of the

stopping floor, e.g. by adding a defined additional term to the first limit value for speed

-and/or by increasing the value of the distance of the elevator car from the terminal floor

s in the calculation equation of the first limit value for speed presented above such that
the stopping point of the elevator is located slightly beyond the terminal floor. The
equations of the second and third limit values Viim2, Viim3 for permitted speed presented
above describe the maximum value for which the limit values can be set. Before
commissioning, however, the second and third limit values Vim2, Vims3- for permitted
speed can for safety reasons be reduced slightly, which ensures an adequate braking
distance irrespective of a possible fluctuation in the deceleration of the elevator car and
also irrespective of e.g. activation delays, such as an activation delay of the machinery

brake and/or of the safety gear, of the emergency braking procedures.

The afofémentioned first vimi1, second Vime and third vyns limit -value for permitted
speed preferably do not overlap each other but instead they are determined such that the
aforementioned third limit value v;n3 for permitted speed is always greater in absolute

value than the aforementioned second limit value vy, for permitted speed, and the
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aforementioned second limit value vy, for permitted speed is always greater in

absolute value than the aforementioned first limit value Viim1 for permitted speed.

In one embodiment of the invention the monitoring .arrangement comprises speed
monitoring units, which speed monitoring units are disposed in the end zone of the
elevator hoistway. Each speed monitoring unit comprises an input for the speed
measurement signal of the elevator car. The speed monitoring units are disposed at
different points beside the path of movement of the elevator car. The speed monitoring
units are connected to the safety circuit of the elevator such that each speed monitoring
unit is able, if necessary, to activate the machinery brake. In some embodiments the
speed measurement of each speed monitoring unit is duplicated such that each speed
monitoring unit comprises an input for the machine encoder that measures the
movement of the traction sheave of the hoisting machine and also in addition an input
for the encoder that measures the movement of the elevator car and that is to be
connected to a guide rail via a rotating roller fitted in connection with the elevator car.
In this case the speed monitoring unit is arranged to compare the measuring signals of

the different sensors to each other and when it detects that the measuring data deviate

-from each-other by more than what is permitted the speed monitoring unit is arranged to

activate an emergency braking procedure.

In a second embodiment of the invention the monitoring arrangement comprises a
sensor, which sensor is arranged in connection with the rope pulley of the overspeed
govemor, for measuring the speed of rotation of the rope pﬁlley. In some embodiments
the monitoring arrangement comprises two sensors, both of which are arranged in
connection with the rope pulley of the overspeed governor for duplicating the speed
measuremént. The monitoring arrangement also comprises a speed monitoring unit,
which is connected to the aforementioned sensor/sensors. In those embodiments in
which the monitoring arrangement comprises two sensors, the speed monitoring unit is
arranged to compare the measuring signals of the different sensors to each other and
when it detects that the measuring data deviate from each other by more than what is
permitted the speed monitoring unit is arranged to activate an emergency braking

procedur'e_. The speed monitoring unit is connected to the safety circuit of the elevator,
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_for activating the machinery brake and/or the safety gear. The speed monitoring unit is

arranged to activate a second emergency braking procedure for braking the elevator car
ata sécond deceleration if the speed of the elevator car exceeds the second limit value
for permitted speed. The speed monitoring unit is afranged to further activate a third
emergency braking procedure for braking the elevator car at a third deceleration that is
greater than the second, if the speed of the elevator car exceeds the third limit value for

permitted speed that is greater than the second limit value for permitted speed.

When determining the aforementioned limit values Viim1, Viim2, Viim3 for permitted speed
by means of the acceleration aj, ay, a3 according to each emergency braking procedure
in the manner presented above, the emergency braking procedures to be activated
consecutively can always be started at the correct moment and in a controlled manner
such that the emergency braking procedure to be activated at any given time is able to
stop the elevator car safely before the end of the elevator hoistway if the emergency
braking apparatus to be used in the emergency braking procedure is operationally
viable. The safety of an elevator system also increases as the number of consecutive

emergency braking procedures increases. The set limit values Vymi, Viim2, Vim3 for

~permitted speed correspond essentially to the maximum possible limit values for-safe

operation. Since the instantaneous speed 6f the elevator car can vary within the scope of
the aforementioned limit values Vim1, Viim2, Viim3 for permitted speed, according to the
invention it is thus possible with the set limit values Viim1, Viim2, Viim3 for permitted speed
to essentially reduce e.g. emergency stops occurring as a consequence of an
instantaneous speed ﬂuctuation/ovefspeed of the elevator car caused by elongation of

the elevator ropes.

In the invention the speed of the elevator car can also be determined e.g. from the
measuring signal of an acceleration sensor that is fitted in connection with the elevator
car and that moves along with the elevator car. The determination of speed from the
measuring signal of the acceleration sensor that moves along“ with the elevator car is
thus advantageous so that in this case no measuring error occurs in the speed data of the
elevator car e.g. when the ropes slip on the traction sheave of the hoisting machine of

the elevator.
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The aforementioned summary, as well as the additional features and advantages of the
invention presented below, will be better understood by the aid of the following
description of some embodiments, said description not limiting the scope of application

of the invention.

5  Brief explanation of the figures

Fig. 1 presents as a block diagram an elevator system according to a first

embodiment of the invention

Fig. 2 presents as a block diagram an elevator system according to a second

embodiment of the invention

10 Fig.3 - illustrates some limit values for permitted speed accbrding to the

invention, described in relation to the position of the elevator car

- Fig. 4 illustrates the speed reference of an elevator, the limit values for permitted

speed of an elevator car, and also the measured speed of an elevator car

- during the deceleration phase of a run of the elevatorcar ... ... ... -

15  More detailed description of pv referred embodiments of the invention

Embodiment 1

Fig. 1 presents as a block diagram an elevator system according to a first embodiment
of the invention, wherein the elevator car 1 is moved in the elevator hoistway 24 with an
electric drive 6, which comprises the hoisting machine 16 of the elevator and also a
20 frequency converter 7. The elevator car 1 and the counterweight 18 are suspended in the
elevator hdistway 24 with hoisting ropes, a belt or corresponding (not shown in the
figure) passing via the traction sheave of the hoisting machine 16 of the elevator. The
power supply to the electric motor of the hoisting machiné 16 of the elevator occurs
with a frequency converter 7 from an electricity network 17. The control unit 10 of the
25  elevator calculates the target value for speed, i.e. the speed reference, of the elevator car

1 to be moved in the elevator hoistway 24 and the frequency converter 7 adjusts the
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speed of the hoisting machine 16, and thereby indirectly also the speed of the elevator
car 1, towards the aforementioned speed reference communicated to the frequency
converter 7. For adjusting the speed the frequency coﬁveﬁer measures the speed of
rotation of the hoisting machine 16 of the elevator with a speed sensor, such as with a
pulse encoder 20, a tachometer or correéponding, fitted to the shaft of the hoisting

machine 16.

The elevator system also comprises a monitoring arrangement, which is usually made to
be at least partly separate from the rest of the control system of the elevator. The task of
the monitoring arrangement is to take care of the safety of the elevator system. The
monitoring arrangement comprises, in addition to the safety circuit 11 of the elevator,
inter alia, moﬂitoring units 8, 14, sensors 20, and braking devices 9, 12. The braking
devices, such as a machinery brake 9 and a safety gear 12, are connected to the safety
circuit such that the machinery brake 9 and the safety gear 12 can be activated via the
safety circuit. The monitoring arrangement measures the operating state of the elevator
system and when it detects a hazardous situation performs one or more procedures for

bringing the elevator system to a safe state. These procedures are e.g. activation of

- emergency braking and also prevention of the starting of a run of the elevator-car 1. -

The sensors incorporated in the safety circuit 11 of the elevator system are e.g. the
safety switches (not shown in the figure) monitoring the locking/state of entrances to the

elevator hoistway 13, and also the limit switches (not shown in the figure) monitoring

the limits of the areas of permitted movement of the- elevator car 1 in the elevator

hoistway 24. The speed of the elevator car is measured with sensors 20 that measure the

speed of rotation of the hoisting machine 16.

In this embodiment of the invention the monitoring arrangement éomprises speed

_ monitoring units 14, which are disposed in the bottom end zone of the elevator hoistway

24. Each of the speed monitoring units 14 ‘comprises an input for the speed

~ measurement signal 21 of the elevator car, which signal is formed here with the encoder

20 of the hofsting machine of the elevator; the speed measurement signal 21 of the

elevator car could, however, also be formed with e.g. a sensor that measures the speed



10

15

20

25

30

WO 2011/086230 PCT/F12011/000003

12

of rotation of a rope pulley 13 fitted in connection with the rope pulley 13 of the
overspeed governor. The speed monitoring units 14 are disposed at different points
beside the path of movement of the elevator car 1. The speed monitoring units 14 are
connected to the safety circuit 11 of the elevator such that each of the speed monitoring

units is able, if necessary, to activate the machinery brake 9.

The monitoring arrangement measures the speed of the elevator car 1 and compares the
measured speed to the limit values for permitted speed. When the speed of the elevator
car 1 exceeds the limit value for permitted speed, the monitoring arrangement activates
consecutive emergency braking procedures such that the deceleration of the elevator car
increases progressively. Fig. 3 illustrates in more detail some limit values Vimi, Viimz for

permitted speed according to the embodiment of Fig. 1, described in relation to the

~ position 15 of the elevator car in the end zone of the elevator hoistway. Each of the limit

* values Viim1, Viimz for permitted speed of the elevator car depends upon the position 15 of

the elevator car on its path of movement such that the limit value Vimi, Vim for
permifted speed, to which the speed v of the elevator car 1 is compared, decreases when
the position 15 of the elevator car 1 towards the end 2 of the elevator hoistway changes.
The contrel unit 8 of -an emergency stop fitted in connection with- the- frequency
converter 7 compares the speed v of the elevator car 1 measured with the encoder 20 of
thé hofsting machine of the elevator to the first limit value vy, for permitted speed. If
the‘speed v of the elevator car 1 exceeds the first limit value vy for permitted speed,
the control unit 8 of an emergency stop activates a first emergency braking procedure.

As a first emergency braking procedure the control unit 8 of an emergency stop controls

the electric drive 6, adjusting the Speed v of the elevator car towards the target value 5

for speed during an emergency stop. The control unit 8 of an émergency stop also
calculates the aforementioned target value 5 for speed during an emergency stop such
that the target value for speed during an emergency stop is formed independently from
the speed reference during normal operation of the elevator calculated by the control

unit 10 of the elevator.

The aforementioned first limit value vy, for permitted speed of an elevator car is

determined such that the elevator car can be stopped at a first deceleration a; at the
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terminal floor 4, or in the immediate proximity of the terminal floor 4, from the speed v
that the elevator car has at the moment of activating the first emergency braking
procedure. The ﬁist limit value vy for permitted speed is determined by means of the
first déceleration a; of tlie elevator car and also the distance of the elevator car from the

terminal floor s from the equation:

Vi1 = ,/2a1 (s+As).

In addition, the first limit value vimi for permitted speed in the equation above is
increased by adding the term As to the distance of the elevator car from the terminal
floor s. This ensures that the first emergency braking procedure is not activated in the
proximity of the stopping floor of the elevator owing to a fluctuation in the

instantaneous speed of the elevator car.

The speed monitoring units 14 presented above that are fitted beside the path of
movement of the elevator car 1 monitor the speed v of the elevator car 1 arriving at the
point of a speed monitoring unit 14. Thé speed monitoring unit 14 compares the speed
data of the speed measurement signal 21 of the elevator car to the second limit value
vlimé Vfor permitie&speeci of the eievator car, which 1imit i/aiiie -ismdeiénnineci for eacli
speed monitoring unit 14 separately such that the limit values for permitted speed of the
different monitoring units 14 are located on the limit value curve for permitted speed of
the second limit value vymy, which curve is illustrated in Fig. 3. If the speed v of the
elevator car 1 still increases, exceeding the second limit value vy, for permitted speed
that is larger than the aforementioned first limit value vy for permitted speed, the
speed monitoring unit 14 activates, as a second emergency braking procedure, the

machinery brake 9.

The aforementioned second limit value v,y for permitted speed of the elevator car is

determined such that the speed of the elevator car can be slowed down before collision
with the end buffer 3 at a second deceleration a, determined by the machinery brake 9
to the permitted buffer collision speed v from the speed v that the elevator car has at

the moment of activating the second emergency braking procedure. The second limit
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value vimy for speed is determined by means of the second deceleration a, of the
elevator car, the distance of the elevator car from the end buffer d and also the permitted

buffer collision speed vy, from the equation:

_ 2
Vima = 1/2a2d +Voy— Avmfe,y .

In addition, the second limit value vymy for speed in the equation above is reduced for
safety reasons with the term Avgrg,. This ensures an adequate braking distance
irrespective of a possible instantaneous fluctuation in the deceleration of the elevator car

and also irrespective of e.g. an activation delay of the machinery brake.

The accuracy of the monitoring of the movement of the elevator car can be improved by
increasing the number of consecutively disposed speed monitoring units 14 such that

the intermediate distance between the speed monitoring units 14 decreases.
Embodiment 2

Fig. 2 presents as a block diagram an elevator system according to a second
embodiment of the invention, wherein the elevator car .1 _is_moved. in the elevator
hoistway 13 with aﬁ electric drive 6, which comprises the hoisting machine 16 of the
elevator and also a frequency converter 7. The elevator car 1 and the counterweight 18
are suspended in the elevator hoistway 24 with hoisting ropes, a belt or corresponding
(not shown in the figure) passing via the traction sheave of the hoisting machine 16 of
the elevator. The power supply to the electric motor of the hoisting machine 16 of the
elevator occurs with a frequency converter 7 from an electricity network 17. The control
unit 10 of the elevator calculates the target value for speed, i.e. the speed reference, of
the elevator car 1 to be moved in the elevator hoistway 24 and the frequency converter 7
adjusts the speed of the hoisting machine 16, and thereby indirectly also the speed of the
elevator car 1, towards the aforementioned speed reference communicated to the
frequency converter 7. For adjusting the speed the frequency converter measures the

speed of rotation of the hoisting machine 16 of the elevator with a speed sensor, such as



10

15

20

25

WO 2011/086230 PCT/F12011/000003

15

with a pulse encoder 20, a tachometer or corresponding, fitted to the shaft of the

hoisting machine 16.

The elevator system also comprises a monitoring arrangement, which is usually made to
be at least partly separate from the rest of the control system of the elevator. The task of
the monitoring arrangemént is to take care of the safety of the elevator system. The
monitoring arrangement comprises, in addition to the safety circuit 11 of the elevator,
inter alia, monitoring units 8, sensors 20, 22, and braking de-vices 9, 12. The braking
devices, such as a machinery brake 9 and a safety gear 12, are connected to the safety
circuit such that the machinery brake 9 and the safety gear 12 can be activated via the
safety circuit. The monitoring arrangement measures the operating state of the elevator
system and when it detects a hazardous situation performs one or more procedures for
bringing the elevator system to a safe state. Such procedures are, inter alia, activation of

emergency braking and also prevention of the starting of a run of the elevator car 1.

The sensors incorporated in the safety circuit 11 of the elevator system are e.g. the

safety switches (not shown in the figure) monitoring the locking/state of entrances to the

elevator hoistway 13, and also the limit switches (not shown in the figure) monitoring

the limits of the areas of permitted movement of the elevator car 1 in the elevator
hoistway 24. The speed of the elevator car is measured with sensors 20 that measure the
speed of rotation of the hoisting machine 16. Additionally, in this embodiment of the
invention the speed of the elevator car is measured directly with a sensor 22, which is

arranged in connection with the rope pulley 13 of the overspeed .govemnor, for

 measuring the speed of rotation of the rope pulley 13.

The monitoring arrangement also comprises a speed monitoring unit 23, which is
connected to a sensor 22 arranged in connection with the rope pulley 13. The speed

monitoring unit 23 is connected to the safety circuit of the elevator.

The monitoring arrangement measures the speed of the elevator car 1 and compares the
measured speed to the limit values for permitted maximum speed. When the speed of
the elevator car 1 exceeds the limit value for permitted speed, the monitoring

arrangement activates consecutive emergency braking procedures such that the
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deceleration of the elevator car increases progressively. Fig. 3 illustrates in more detail
some limit values Vim1, Vim2, Viims for permitted speed according to the embodiment of
Fig. 2, described in relation to the position 15 of the elevator car. Each of the limit

values Viim1, Viim2, Viim3 for permitted speed of the elevator car depends upon the position

15 of the elevator car on its path of movement such that the limit value vy, Vima for

permitted speed, to which the speed v of the elevator car 1 is compared, decreases when
the position 15 of the elevator car 1 towards the end 2 of the elevator hoistway éhanges.
The control unit 8 of an emergency stop fitted in connection with the frequency
converter 7 compéres the speed v of the elevator car 1 measured with the encoder 20 of
the hoisting machine of the elevator to the first limit value vy, for permitted speed. If

the speed v of the elevator car 1 exceeds the first limit value vim; for permitted speed,

-the control unit 8 of an emergency stop activates a first emergency braking procedure.

As a first emergency stop procedure the control unit 8 of an emergency stop controls the
electric drive 6, adjusting the speed v of the elevator car towards the target value S for
speed during an emergency stop. The control unit 8 of an emergency stop also
calculates the aforementioned target value 5 for speed during an emergency stop such
that the target value 5 for speed during an emergency stop is formed independently from
the speed reference duriiig normal operation of the elevator calculated by the control

unit 10 of the elevator.

The aforementioned first limit value vjn; for permitted speed of an elevator car is

determined such that the elevator car can be stopped at a first deceleration a; at the

* terminal floor 4, or in the immediate proximity of the terminal floor 4, from the speed v

that the elevator car has at the moment of activating the first emergency stop procedure.
The first limit value vy, for permitted speed is determined by means of the first
deceleration a; of the elevator car and also the distance of the elevator car from the

terminal floor s from the equation:

Vi1 = /20, (s + As) .

In addition, the first limit value vyp; for permitted speed in the equation above is

increased by adding the term As to the distance of the elevator car from the terminal



10

15

20

25

WO 2011/086230 PCT/F12011/000003

17

floor s. This ensures that the first emergency braking procedure is not activated in the .
proximity of the stopping floor of the elevator owing to a fluctuation in the

instantaneous speed of the elevator car.

The sensor 22 presented above that is arranged in connection with the rope pulley 13 of
the overspeed governor measures the speed v of the elevator car 1. The speed
monitoring unit 23 connected in connection with the sensor 22 compares the speed data
measured by the sensor 22 also to the second limit value Viim2 for permitted speed of the
elevator car. If the speed v of the elevator car 1. still increases, exceeding the second
limit value viimz for permitted speed that is larger than the aforementioned first limit
value viim; for permitted speed, the speed monitoring unit 23 activates, as a second

emergency braking procedure, the machinery brake 9.

The speed monitoring unit 23 connected in connection with the sensor 22 determines
the aforementioned second limit value Viimz for permitted speed of the elevator car such
that the speed of the elevator car can be slowed down before collision with the end
buffer 3 at a second deceleration a, determined by the machinery brake 9 to the
permitted buffer collision speed Veoll from the speed v that the elevator car has at the
moment of activating the second emergency braking procedure. The second limit value
Viim2 for permitted speed is determined by means of the second deceleration a, of the
elevator caf, the distance of the elevator car from the end buffer d and also the permitted

buffer collision speed vy, from the equation: -

_ | 2
Vim2 =4/2a,d +V,, — Avsafety .

In addition, the second limit value vy, for spéed in the equation above is reduced for
safety reasons with the term Avgfey,. This ensures an adequate braking distance
irrespective of a possible instantaneous fluctuation in the deceleration of the elevator car

and also irrespective of e.g. an activation delay of the machinery brake.

The speed monitoring unit 23 connected in connection with the sensor 22 compares the

speed data measured by the sensor 22 also to the third limit value vy,; for permitted
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speed of the elevator car. If the speed v of the elevator car 1 still increases, exceeding
the third limit value vim3 for permitted speed that is larger than the aforementioned
second limit value vjim2 for permitted speed, the speed monitoring unit 23 activates, as a
third emergency braking procedure, the safety gear 12 of the elevator car by stopping
the rotétion of the rope pulley 13 of the overspeed governor, and thus the movement of
the rope of the overspeed governor, by controlling a solenoid into the path of movement

of the rope pulley 13 of the overspeed governor.

The speed monitoring unit 23 connected in connection with the sensor 22 determines
the aforementioned third limit value vyim3 for permitted speed of the elevator car such
that the speed of the elevator car 1 can be slowed down before colﬁsion with the end
Buffer 3 at a third deceleration a3 determined by the safety gear 12 of the elevator car to
the permitted buffer collision speed v, from the speed v that the elevator car has at the
moment of activating the third emergency braking procedure. The third limit value vjjy3
for permitted speed is determined by means of the third deceleration a3 of the elevator
car, the distance of the elevator éar from the end buffer d and also the permitted buffer
collision speed V.o, from the equation:

+.Av

— 2
Vims =+ 2a;d +V ooty

coll

In addition, the third limit value vyim3 for speed in the equation above is further reduced
for safety reasons with the term Avgfery. This ensures an adequate braking distance
irrespective of a possible instantaneous fluctuation in the deceleration of the elevator car

and also irrespective of e.g. an activation delay of the safety gear of the elevator car.

The magnitude of the progressive increase in deceleration in connection with the first
and the second emergency braking procedure isvin the first and second embodiment of
the invention set at ten percent of the normal deceleration of the elevator, in which case
e.g. when the normal deceleration determined by the speed reference of the elevator is
1m/s”2 the first deceleration according to the first emergency braking procedure is
approx. 1.1m/s"2 and the second deceleration according to the second emergency

braking procedure is approx. 1.2m/s"2.
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For illustrative purposes and relating to the embodiments of the invention that are
described above, Fig. 4 further presents the speed reference vier of ah elevator, the
starting moment 19 of the deceleration phase of an elevator car, the target value 5 for
speed during an emergency stop, the limit values Viimi, Viim2, Viim3 for permitted speed of
an elevator car, and also the measured speed v of an elevator car as a function of time in

the deceleration phase of a run of an elevator car.

In the preceding embodiments of the invention, the monitoring of the movement of an
elevator car in the bottom part of an elevator hoistway is described. The invention can,
however, be used fér monitoring the movement of an elevator car also in the top part of
an elevator hoistway in a corresponding manner, taking into account the effect on the
second and third deceleration of the elevator car possibly caused by a change in the
directioﬁ of movement of the masses of the elevator. Likewise the invention can be
applied to monitoring the movement of a counterweight, instead of or in addition to the

movement of an elevator car.

The elevator System according to the invention can be provided with a counterweight or

can be one without a counterweight.

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 limited only to the

embodiments described above, but that many other applications are possible within the

- scope of the inventive concept defined by the claims.
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CLAIMS

. Method for méhitoring the movement an elevator car (1), in which method:

a first emergency braking procedure is activated for braking the elevator car (1)
at a first deceleration (a,) if the speed (v) of the elevator car exceeds the first

limit value (V1) for permitted speed.
characterized in that

a second emergency braking procedure is further activated for braking the
elevator car (1) at a second deceleration (a,) that is greater than the first, if the
speed (v) of the elevator car exceeds the second limit value (Viim2) for permitted

speed that is greater than the first limit value (vjim1) for permitted speed.

Method according to claim 1, characterized in that the aforementioned first

deceleration (a,) of the elevator car is greater than the normal deceleration of the

elevator car according to the deceleration phase of the speed reference (Vref).

. Method according to claim 1 or 2, characterized in that:

a third emergency braking procedure is further activated for braking the elevator
car (1) at a third deceleration (a3) that is greater than the second, if the speed (v)
of the elevator car exceeds the third limit value (vim3) for permitted speed that is

greater than the second limit value (Viim) for permitted speed.

Method according to any of claims 1 - 3, characterized in that each of the
aforementioned limit values (Viim1, Viim2, Viim3) for permitted speed of the elevator
car depends upon tﬁe position (15) of the elevator car (1) on its path of
movement such that theb limit value (Vimi1, Vim2, Vim3) for permitted speed, to
which the speed (v) of the elevator car is compared, decreases when the posiﬁon

(15) of the elevator car (1) towards the end (2) of the elevator hoistway changes.
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Method according to claim 4, characterized in tﬁat the first limit value (viim1)
for permitted speed of the elevator car decreases by a gradient, which gradient

depends on the aforementioned first deceleration (a;) of the elevator car.

Method according to claim 4 or 5, characterized in that the second limit value
(viimz) for permitted speed of the elevator car decreases by a gradient, which
gradient depends on the aforementioned second deceleration (a;) of the elevator

car.

Method according to any of claims 4 — 6, characterized in that the third limit
value (Viim3) for permitted speed of the elevator car deceases by a gradient, \
which gradient depends on the aforementioned third deceleration (a;) of the

elevator car.
Method according to any of the preceding claims, characterized in that:

as a first emergency braking procedure the speed (v) of the elevator car is
adjusted towards the target value (5) for speed during an emergency stop by
controlling the electric drive (6) of the elevator with a control unit (8) of an

emergency stop.
Method according to any of the preceding claims, characterized in that:

as a second emergency braking procedure one or more machinery brakes (9) of

the hoisting machine of the elevator is/are activated
Method according to any of the preceding claims, characterized in that:

as a third emergency braking procedure the safety gear (12) of the elevator car is

activated

Elevator system, which comprises:
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an electric drive (6), for moving the elevator car (1) in the elevator hoistway

(24);
a machinery brake (9);

monitoring arrangement, which monitoring arrangement comprises means (8,

11) for controlling the electric drive (6) and the machinery brake (9);

and which monitoring arrangement is arranged to activate a first emergency
braking procedure for braking the elevator car (1) at a first deceleration (a;), if
the speed (v) of the elevator car exceeds the first limit value (Viim1) for permitted

speed;

characterized in that the monitoring arrangement is arranged to further activate

~ a second emergency braking procedure for braking the elevator car (1) at a

12.

13.

second deceleration (a;) that is greater than the first, if the speed (v) of the
elevator car exceeds the second limit value (Vlimz) for permitted speed that is

greater than the first limit value (viim;) for permitted speed.

Elevator system accbrding to claim 11, characterized in that the
aforementioned first deceleration (a;) is greater than the normal deceleration of

the elevator car according to the deceleration phase of the speed reference (Vref).

Elevator system according to claim 11 or 12, characterized in that the

monitoring arrangement comprises a control unit (8) of an emergency stop;

and in that the control unit (8) of an emergency stop is, as a first emergency

“braking procedure, arranged to adjust with the electric drive (6) the speed (v) of

" the elevator car towards the target value (5) for speed during an emergency stop.

14.

Elevator system according to any of claims 11 — 13, characterized in that the
monitoring arrangement is, as a second emergency braking procedure, arranged
to activate the machinery brake (9) for braking the elevator car (1) at a second

deceleration (a) that is greater than the first.
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Elevator system according to any of claims 11 — 14, characterized in that the

_ elevator system comprises a safety gear (12);

16.

17.

18.

19.

and in that the monitoring arrangement comprises means (13) for controlling the

safety gear (12);

and in that the monitoring arrangement is, as a third emergency braking
procedure, arranged to further activate the safety gear (12) for braking the
elevator car (1) at a third deceleration (a;) that is greater than the second, if the
speed (v) of the elevator car exceeds the third limit value (viim3) for permitted

speed that is greater than the second limit value (viimy) for permitted speed.

Elevator system according to any of claims 11 — 15, characterized in that each
of the aforementioned limit values (vlim;, Viim2, Viim3) for permitted speed of the
elevator car depends upon the position (15) of the elevator car (1) on its path of
movement such that the limit value (Viim1, Viim2, Viim3) for permitted speed, to
which the speed (v) of the elevator car is compared, decreases when the position

(15) of the elevator car (1) towards the end (2) of the elevatof hoistway changes.

Elevator system according to claim 16, characterized in that the first limit value
(vim1) for permitted speed of the elevator car is arranged to be reduced by a
gradient, which gradient depends on the aforementioned first deceleration (a;) of

the elevator car.

Elevator system according to claim 16 or 17, characterized in that the second
limit value (vimp) for permitted speed of the elevator car is arranged to be
reduced by a gradient, which gradient depends on the aforementioned second

deceleration (a;) of the elevator car.

Method according to any of claims 16-- 18, characterized in that the third limit
value (Vyiy3) for permitted speed of the elevator car is arranged to be reduced by
a gradient, which gradient depends on the aforementioned third deceleration (a3)

of the elevatqr car.
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