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Description
Technical Field

[0001] The present invention relates to an elevator door control device. In particular, the present invention relates to
an elevator door control device that achieves compatibility between high levels of safety and comfort for elevator users.

Background Art

[0002] Anelevatordooris an interface portion between an elevator and users of the elevator. Accordingly, compatibility
between safety and comfort for the elevator users is required.

[0003] A problem relating to safety involves how to reduce misfortune caused by accidents where a user gets caught
by, or gets dragged by, the elevator door. One effective solution strategy for this problem is to make the door velocity
slower.

[0004] On the other hand, a problem relating to comfort involves how to reduce waiting time by the users when utilizing
the elevator. It is effective to quickly transport the users to their target floor, and therefore one effective solution strategy
for this problem is to make the door velocity faster, or to shorten the amount of time for door opening and closing.
[0005] Compatibility between safety and comfort for the elevator users is a very important problem for an elevator
door control device. Conventional elevators have achieved compatibility between safety and comfort when addressing
this problem by using information on a torque command of a motor (motor current command) that performs driving for
door opening and closing, as e.g. in Patent Document 1 = JP-A-2000 159461.

[0006] Safety is achieved by using the torque command information, which is output from a velocity control portion
that controls the door velocity of a door driver motor for driving the elevator door. Specifically, the torque command is
compared with a pattern used for judging door abnormalities, referred to as an overload detection pattern, and a door
opening and closing operation abnormality is judged when the torque command exceeds the overload detection pattern.
It should be noted that, in order to increase the abnormality detection sensitivity for door opening and closing operations,
and thus improve safety, the overload detection pattern is selected from a plurality of overload detection patterns by
utilizing a relationship whereby the torque command becomes larger when the door mass is large and the torque
command becomes smaller when the door mass is small. Specifically, a large size overload detection pattern is selected
when the door mass is large, and a small size overload detection pattern is selected when the door mass is small.
[0007] Onthe other hand, comfortis achieved by selecting one appropriate motor speed pattern from among a plurality
of motor speed patterns in consideration of the size of the torque command (motor current command). Specifically, the
relationship whereby the torque command becomes larger when the door mass is large, and the torque command
becomes smaller when the door mass is small, is utilized. The appropriate motor speed pattern is selected from among
the plurality of motor speed patterns based on the door mass and the size of the torque command at each floor so that
the size of the torque command becomes nearly equal at each floor.

[Patent Document 1]: JP-A-2000159461

[0008] That is, with conventional elevator door control devices, a motor speed pattern that corresponds to the door
mass is selected for each floor in consideration of the size of the torque command so that the door velocity is slow when
the door mass is large, and the door velocity is fast when the door mass is small. For the following reasons, however,
there is a problem in that an appropriate door velocity cannot be achieved at which both safety and comfort are compatible.
[0009] Basic knowledge relating to safety and comfort from the viewpoint of the kinetic energy of the door is necessary
in order to understand this problem.

[0010] From the standpoint of safety and comfort, the kinetic energy of an elevator door is restricted, especially for
door closing operations, in regulations issued overseas (ASME Rule 112.4, for example). The kinetic energy of the door
is found by the door mass (more accurately, the sum total of the mass of the door itself and the mass of each member
that is mechanically connected to the door) and the door velocity, specifically by Eq. (1) shown below.

Kinetic energy = (1/2) x (door mass) x (door velocity)® (1)

[0011] In order to satisfy the standard values of the overseas regulations described above, it is necessary to change
the door velocity, that is the motor speed, according to the door mass.
[0012] In addition, as a supplement to the explanation relating to the kinetic energy, the term door velocity indicates
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an average velocity, and this is clearly specified in the regulations issued overseas described above and the like.
Specifically, the average velocity is found by Eq. (2) below.

Average door closing velocity = (door travel distance from fully open
position to fully closed position) / (travel time) (2)

[0013] Further, there is also a regulation for the travel time used here. For example, the travel time for a door that
opens from the center is defined as the amount of time necessary for travel from a position 25 mm from the fully open
position to a position 25 mm from the fully closed position.

[0014] It should be noted that the value of the kinetic energy found using the average velocity is restricted to be equal
to, or less than, 10 Joules.

[0015] Although the kinetic energy restriction is normally only indicated for door closing as described above, similar
management of the kinetic energy during door opening, albeit using different values, can be considered effective for
door safety. Accordingly, the kinetic energy is treated hereinafter as being capable of being defined using similar forms
for door opening and door closing.

[0016] Furthermore, although a case of using the average velocity as the door velocity for evaluating the kinetic energy
is explained above, using the instantaneous velocity, that is the maximum velocity, can also be considered to be suitable
for satisfying safety in consideration of impact damage. Accordingly, the average velocity and the maximum velocity can
both be used hereinafter as the door velocity for the kinetic energy shown by Eq. (1). It should be noted that the values
to which the kinetic energy is restricted will differ according to which velocity is used, however.

[0017] Relationships between the kinetic energy, safety, and comfort are clarified next. For the problem of safety, it
can easily be understood that the degree of bodily harm caused when a user gets caught by, or gets dragged by, the
elevator door is proportional to the amount of kinetic energy of the door. It can therefore be understood that the kinetic
energy of the door should be made as small as possible.

[0018] On the other hand, for the problem of comfort, it is desirable that the door velocity be made fast (that time for
door opening and dosing be shortened) in order to shorten the amount of time spent waiting for the elevator, and transport
the user quickly to the target floor. The kinetic energy of the door should therefore be made as large as possible.
[0019] It is understood that both safety and comfort can be restricted by the kinetic energy of the door. At the same
time it is understood that making the door velocity as fast as possible, or making the amount of time for door opening
and closing as short as possible, within a range that complies with the restrictions for the kinetic energy of the door leads
to appropriate safety and comfort.

[0020] Conventional elevator door control devices only considers the size of the torque command, and do not have
measures for computing the kinetic energy of the door, measures for evaluating, and the like. A problem therefore exists
in that an appropriate door velocity, where the door velocity is made faster or the amount of time for opening and closing
the door is made shorter, in a range that complies with the kinetic energy restriction, that is, by utilizing the maximum
limit of the kinetic energy restriction, is not achieved. Appropriate safety and comfort are thus insufficient.

[0021] The present invention has been made in order to solve problems like those described above. An object of the
present invention is to realize an elevator door control device that is capable of achieving a suitable door velocity by
making the door velocity faster, or by making the amount of time for door opening and closing shorter, in a range that
complies with kinetic energy restrictions.

[0022] Further information pertaining to the prior art can be found in JP 2000-159461 that discloses a door controller
for elevators for solving the problem of selecting a level of the overload detecting sensitivity and a pattern of a door
opening and closing speed corresponding to a weight of door by determining the new control constant on the basis of
the control history data of a floor, storing the door control floor data corresponding to the floor, and extracting the control
constant of the floor for driving and controlling a door motor. Specifically, it teaches that a door control floor data resetting
means comprises a door weight identification means for estimating a weight of a door for every floor by using a group
of data comprising the total torque represented as a driving torque instruction value necessary for driving the door, and
the motor angular acceleration represented by the change of rotating speed of the corresponding door motor, and utilizing
the fact that the inclination of a straight line obtained by two-dimensionally displaying the group of data, is corresponded
to the inertia of the driving of door. The proper control constant is determined on the basis of the estimated door weight
of every floor, and stored in a door control floor data memory. Whereby a level of the overload detecting sensitivity and
a pattern of door opening and closing speed can be selected corresponding to the door weight.
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DISCLOSURE OF THE INVENTION

[0023] The present invention provides an elevator door control device in accordance with independent claim 1, an
elevator door control device in accordance with independent claim 6 as well as an elevator door control device in
accordance with independent claim 9. Preferred embodiments of the invention are reflected in the dependent claims.
[0024] The claimed invention can be better understood in view of the embodiments described in the present disclosure,
in particular the present specification and drawings. In general, the present disclosure describes preferred embodiments
of the invention. The attentive reader will note, however, that some aspects of the described embodiments extend beyond
the scope of the claims. To the respect that the described embodiments indeed extend beyond the scope of the claims,
the described embodiments are to be considered supplementary background information and do not constitute definitions
of the invention per se.

[0025] According to the present disclosure there is provided an elevator door control device that performs elevator
door opening and closing control by outputting a torque command to an elevator door driving unit, the torque command
corresponding to a motor speed pattern that is selected from a plurality of motor speed patterns, the elevator door control
device being characterized by including: a door parameter computing unit that computes door parameters at each floor
based on a mass of an elevator door at each floor; and a speed pattern selecting unit that selects, based on computational
results from the door parameter computing unit, one of a plurality of motor speed patterns as a motor speed pattern for
elevator door opening and closing control at each floor.

Brief Description of the Drawings

[0026]

Fig. 1 is a schematic diagram that shows an example of an elevator door control device according to Embodiment
1 of the present disclosure;

Fig. 2 is a diagram for explaining operation of a speed pattern selecting unit in the elevator door control device
according to Embodiment 1 of the present disclosure;

Fig. 3 is a schematic diagram that shows an example of an elevator door control device according to Embodiment
2 of the present disclosure;

Fig. 4 is a schematic diagram that shows an example of an elevator door control device according to Embodiment
3 of the present disclosure; and

Fig. 5 is an explanatory diagram of a map storing unit in the elevator door control device according to Embodiment
4 of the present disclosure.

Best Modes for carrying out the Invention

Embodiment 1

[0027] Fig. 1is aschematic diagram that shows an example of an elevator door control device according to Embodiment
1 of the present disclosure. As shown in Fig. 1, a pulse generator 2 is connected directly to a motor shaft of a door driver
motor 1 in an elevator door mechanism portion that drives an elevator door. The pulse generator 2 generates pulse
information that shows positions of the door driver motor 1. Further, a current detector 3 detects a load current on the
door driver motor 1. It should be noted that a vector control induction motor, a brushless DC motor, or the like is assumed
to be used as the door driver motor 1.

[0028] A velocity command portion 4 stores a plurality of predetermined motor speed patterns and outputs the velocity
command according to the plurality of stored motor speed pattern. An adder portion 5 outputs a speed deviation between
the velocity command output by the velocity command portion 4, and an actual motor speed (feedback speed) obtained
from the pulse generator 2 through a speed conversion portion. A speed control portion 6 outputs a motor current
command, which corresponds to a torque command corresponding to the speed deviation output by the adder portion
5, to the door driver motor 1 as a torque command corresponding to the output speed deviation, thus performing speed
control.

[0029] More precisely, the adder portion obtains a deviation in current from the actual motor current, which is detected
by the current detector 3, with respect to the motor current command that is output from the speed control portion 6.
The motor current command is then output to a current control portion 10. The current control portion 10 generates the
load current for driving the door driver motor 1 according to the input current deviation, thus performing speed control
of the motor 1. The current control portion 10 implements vector control based on phase information from the pulse
generator 2 when performing speed control.

[0030] Further, the door mass at each floor is stored in advance in a door mass storage portion 7. A kinetic energy
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computing unit 9 is a door parameter computing unit that computes door parameters at each floor based on the mass
of the elevator door at each floor. The kinetic energy computing unit 9 computes the kinetic energy of the door as a door
parameter based on the mass of the doors at each floor, stored within the door mass storage portion 7, and on door
velocity information such as the average velocity, values of the velocity over time, or the like.

[0031] The speed pattern selecting unit 10 outputs a velocity command from the velocity command portion 4 by using
a motor speed pattern that is selected from a plurality of motor speed patterns stored in the velocity command portion
4 according to computational results from the kinetic energy computing unit 9. It should be noted that portions that are
identical to, or that correspond to, portions of a normal elevator door control device are shown within a dashed line
portion of Fig. 1.

[0032] Operations relating to selecting the motor speed pattern that is a characteristic of the elevator door control
device according to Embodiment 1 are explained below. Door opening operations and door closing operations can be
based completely on similar operations, and therefore only door closing operations are explained here.

[0033] Basic operation relating to motor speed pattern selection is explained first. A specific example of operations
relating to motor speed pattern selection is then introduced to make understanding easier. Basic operation relating to
motor speed pattern selection is as follows. After performing driving for door closing by using a certain motor speed
pattern, the kinetic energy at each floor is computed in the kinetic energy computing unit 9 based on information according
to floor. The door mass obtained from the door mass storage portion 7, and the door velocity information such as the
average velocity, values of the velocity over time, or the like, are used.

[0034] The above operation is repeated for a plurality of motor speed patterns. The kinetic energy computational
results for each of the motor speed patterns are organized for each floor. Specifically, a motor speed pattern having the
shortest door opening and closing time is selected in the speed pattern selecting unit 10 as the motor speed pattern for
each floor. The selection is made for each floor from among each of the motor speed patterns that satisfies a desired
door kinetic energy limit.

[0035] It should be noted that, although the motor speed pattern having the shortest door opening and closing time
for each floor is selected by the speed pattern selecting unit 10 as the motor speed pattern of each floor in the description
above, the selection is not limited to this method. For example, a motor speed pattern that obtains a maximum door
kinetic energy may also be selected, from among each of the motor speed patterns that satisfy the desired door kinetic
energy limit, as the motor speed pattern of each floor.

[0036] A high level of safety can thus be achieved by selecting a motor speed pattern that satisfies the desired door
kinetic energy limit for each floor. In addition, superior comfort can be thus be achieved by selecting a motor speed
pattern that has a high kinetic energy in a range that satisfies the desired door kinetic energy limit.

[0037] Further, a condition, or a range, for selecting the door kinetic energy having not only an upper limit but also a
lower limit may also be used as the door kinetic energy limit described above.

[0038] In addition, it is also possible to obtain the average velocity, which is the door velocity information used in
computing the kinetic energy, by a method other than that which uses Eq. (2) in accordance with the restrictions described
above. The average velocity may be computed by using numerical results (approximate values) in which values of the
door velocity (values of the velocity over time) are integrated with respect to time, and then divided by the amount of
time for door opening and closing. Accordingly, the door velocity information may be the average velocity, or values of
the velocity over time, when input to the kinetic energy computing unit 9 in Fig. 1 for computing the kinetic energy.
[0039] For cases where a plurality of minimum motor speed patterns having the shortest door opening and closing
time exist for each floor from among the motor speed patterns that satisfy the desired door kinetic energy limit, the motor
speed pattern having the smallest maximum door velocity is chosen by the speed pattern selecting unit 10 as the velocity
command.

[0040] An example of operation relating to motor speed pattern selection is explained next while using an operation
explanatory diagram shown in Fig. 2. Operation relating to motor speed pattern selection for a case in which the velocity
command portion 4 includes a speed pattern memory portion that stores the plurality of motor speed patterns in a limited
format arranged in advance, in order from the pattern having the shortest door opening and closing time to the pattern
having the longest door opening and closing time. It should be noted that all of the motor speed patterns here are motor
speed patterns having the same travel distance for the door from a fully open position to a fully closed position.

[0041] First, as shown in Fig. 2, an initial period motor speed pattern is set to a speed pattern B, for example, and
door closing operations are performed. The kinetic energy at that time is computed, and it is verified whether or not the
kinetic energy limit is satisfied. If the kinetic energy limit is not satisfied, the speed pattern is set to a speed pattern C,
which is one level (one rank) lower than the speed pattern B, because the energy is large. If the kinetic energy limit is
satisfied, however, the speed pattern is set to a speed pattern A, which is one level (one rank) higher than the speed
pattern B, because the energy is small.

[0042] By repeating this procedure, the motor speed pattern can be determined at the point where the kinetic energy
limit is satisfied. The elevator door control device according to Embodiment 1 can be realized by implementing these
determination operations at each floor.
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[0043] The plurality of motor speed patterns (door closing speed patterns) stored in the speed pattern storage portion
within the velocity command portion 4 are arranged in advance in this example, in order from the pattern having the
shortest door opening and closing time to the pattern having the longest door opening and closing time. Setting an
appropriate door velocity can therefore easily be achieved.

[0044] Itshould be noted that, although door closing operations have been explained above, it is of course also possible
to similarly achieve an appropriate door velocity for door opening operations.

[0045] An appropriate door velocity can thus be achieved according to the elevator door control device of Embodiment
1. The door velocity at each floor is set to the highest velocity, or the door opening and closing time is shorter, in a range
that complies with the kinetic energy restrictions. As a result, an elevator door control device that achieves compatibility
between safety and comfort for elevator users can be provided.

[0046] Further, for cases where the motor speed pattern having the shortest door opening and closing time is selected
as the motor speed pattern for each floor from among the plurality of motor speed patterns that satisfy the desired door
kinetic energy limit, an appropriate door velocity can be achieved. The door velocity is fast, or the amount of time needed
for door opening and closing is short, in a range that complies with the kinetic energy restrictions.

[0047] In addition, the motor speed pattern having the smallest maximum door velocity is selected for cases where a
plurality of motor speed patterns having the shortest door opening and closing time exist at each floor from among the
motor speed patterns that satisfy the desired door kinetic energy limit. A solution that wholeheartedly achieves an
appropriate door velocity in which the door velocity is the fastest, or the amount of time for door opening and closing is
the shortest, in a range that complies with the kinetic energy restrictions.

Embodiment 2

[0048] Fig. 3 is a schematic diagram that shows an example of an elevator door control device relating to Embodiment
2 of the present disclosure. Reference numerals in Fig. 3 that are identical to those of Embodiment 1 shown in Fig. 1
denote identical, or equivalent, structures, and an explanation of those structures is omitted. Regarding novel structures,
a door / motor speed conversion portion 8 detects an actual motor speed that is output from a velocity conversion portion,
and converts the actual motor speed into the door velocity. Further, a door mass computing unit 11 computes a door
mass based on the door velocity that is converted by the door / motor speed converter portion 8, and the torque command
that is output from the velocity control portion 6.

[0049] That is, the configuration of the elevator door control device according to Embodiment 2 is substantially the
same as the configuration of the elevator door control device according to Embodiment 1 thatis shown in Fig. 1. However,
the door / motor speed converter portion 8 that converts from the motor speed to the door velocity, and the door mass
computing unit 11 that computes the door mass by using the door velocity that is obtained from the door / motor speed
converter portion 8 and the torque command that is output from the velocity control portion 6, are portions that differ
from Embodiment 1.

[0050] An explanation is provided below centering on the different portions. With the door mass storage portion 7 in
the elevator door control device according to Embodiment 1 and shown in Fig. 1, the door mass at each floor is stored
in advance. In contrast, the door mass that is stored in the door mass storage portion 7 in the elevator door control
device according to Embodiment 2 and shown in Fig. 3 is computed by the door mass computing unit 11 based on the
door velocity, which is converted by the door / motor speed converter portion 8, and the torque command, which is output
from the velocity control portion 6.

[0051] Next, a method for computing the door mass at each floor by using the door mass computing unit 11 described
above is explained. In order to simplify the explanation, a door type that possesses a door mechanism for transmitting
torque of the door driver motor 1 directly to a door portion by a belt, without using a linking mechanism, is taken as an
object door type here. A non-linear generator link that utilizes weight is attached to the door for generating a mechanical
door closing retention force when a power source is cut off.

[0052] The door type used here is characterized in that there is a linear relationship between the door velocity and
the motor speed, and there is a linear relationship between the door acceleration and the motor acceleration. That is,
the relationships are fixed gain relationships. It is thus clear that the motor angular velocity can easily be replaced by
the door velocity, and that the motor angular acceleration can easily be replaced by the door acceleration in the explanation
hereinafter. It should be noted that a schematic diagram is shown in Fig. 3 in which the door velocity is used as the input
to the door mass computing unit 11.

[0053] Anapproximate equation in which viscous velocity components items are ignored can be assumed as a dynamic
model for this door type. The total torque working on the door motor is taken as T, the motor torque command is taken
as Tm, the torque due to the non-linear generator link is taken as T1, a fixed door closing torque is taken as T2, a door
inertia seen from the door driver motor 1 (moving portion inertias, including inertias of pulleys, the door driver motor 1
itself, and the like, in addition to the door itself) is taken as J, the motor angular acceleration is taken as a, and a torque
caused by running resistances during vehicle operation (frictional forces) is taken as b.
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T=J-a+b (3)

where

T=Tm+T1+T2 (4)

[0054] The motortorque command Tm and the motor acceleration a, capable of being found by a difference computation
of the motor angular velocity (corresponding to the door velocity), are data that can be obtained by measurement in
order to determine the door inertia J by using Egs. (3) and (4). The torque T1 by the non-linear generator link, and the
fixed door closing torque T2 cannot be found by direct measurement.

[0055] It should be noted that it is possible to determine the torque T1 due to the non-linear generator link, and the
fixed door closing torque T2, in advance through functional computations by imparting door opening and closing position
information utilizing the fact that the mass and shape of the non-linear generator link and the like are already known.
The door inertia J at each floor is found by adding the torque T1 due to the non-linear generator link and the fixed door
closing torque T2, which are found in advance, to the motor torque command Tm and taking the result as the total door
torque T, and by applying a least squares method to the total door torque T and the motor angular velocity a. In addition,
the door mass can be computed from the door inertia J.

[0056] With the elevator door control device according to Embodiment 2, the kinetic energy is computed using the
door mass, which is computed by the door mass computing unit 11, similar to the elevator door control device according
to Embodiment 1 described above. A motor speed pattern 3 capable of achieving an appropriate door velocity is selected
by the speed pattern selecting unit 10 based on the kinetic energy.

[0057] According to the elevator door control device of Embodiment 2, the door mass at each floor, which is necessary
for computing the kinetic energy, can be calculated automatically by arithmetic processing based on Eg. (3). For example,
an enormous amount of effort for finding the door mass from structural information such as size and material properties
becomes unnecessary. The calculation of an erroneous door mass due to human mistakes can therefore be prevented.
It becomes possible to obtain a highly accurate door mass, and therefore highly accurate kinetic energy computational
results can be obtained.

[0058] An appropriate door velocity can thus be achieved in which the door velocity at each floor is set to the highest
velocity, or the door opening and closing time is shorter, in a range that complies with the kinetic energy restrictions. As
aresult, an elevator door control device that achieves high levels of safety and comfort for elevator users can be provided.

Embodiment 3

[0059] Fig.4is aschematicdiagram thatshows anexample of an elevator door control device according to Embodiment
3 of the present disclosure. Reference numerals in Fig. 4 that are identical to those of Embodiment 1 shown in Fig. 1
denote identical, or equivalent, structures, and an explanation of those structures is omitted. Regarding novel structure,
a velocity limit value computing unit 9a is a door parameter computing unit that computes door parameters at each floor
based on the mass of the elevator door at each floor. The velocity limit value computing unit 9a is provided as a substitute
for the kinetic energy computing unit 9 of Fig. 1, and computes a limit value of the average door velocity at each floor
based on a predetermined door kinetic energy limit value, which is based on the mass of the elevator door at each floor
from the door mass storage portion 7 and Eq. (1).

[0060] With the elevator door control device according to Embodiment 3, the limit value of the average door velocity
at each floor is computed in advance in the velocity limit value computing unit 9a by using the predetermined door kinetic
energy limit value, which is based on the elevator door mass at each floor in accordance with floor information, and Eq.
(1). It should be noted that the limit value of the average door velocity unit a condition on the average door velocity that
is necessary in order to satisfy the door kinetic energy limit value. Further, the condition need not be only an upper limit,
but may also include a lower limit as the door kinetic energy limit value. That is, a selection condition according to the
door kinetic energy having a fixed range may also be used.

[0061] With the speed pattern selecting unit 10, a motor speed pattern having the shortest door opening and closing
time is selected as the motor speed pattern for each floor from among the various motor speed patterns that satisfy the
predetermined door kinetic energy limit, similar to the embodiments described above. The selection is made by using
the limit value from the velocity limit value computing unit 9a, which becomes the average door velocity condition. A
velocity command is output from the velocity command portion 4.

[0062] In addition, for cases where a plurality of motor speed patterns having the shortest door opening and closing
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time exist, the motor speed pattern having the lowest maximum door velocity may be selected from among those motor
speed patterns with the speed pattern selecting unit 10 and a velocity command may be output.

[0063] It should be noted that, although the motor speed pattern having the shortest door opening and closing time
is selected as the motor speed pattern for each floor with the speed pattern selecting unit 10, the selection is not limited
to this method. For example, the motor speed pattern with which the largest average door velocity is obtained may also
be selected from among each of the motor speed patterns that satisfy the average door velocity limit value.

[0064] Effects similar to those of Embodiment 1 described above can thus also be attained by the elevator door control
device according to Embodiment 3.

Embodiment 4

[0065] It should be noted that the door parameters are computed by using the kinetic energy computing unit 9, or the
velocity limit computing unit 9a, as the door parameter computing unit according to the elevator door control devices of
Embodiments 1 to 3 described above. However, a configuration in which a map storing unit for storing a map (table) in
advance that has correspondence between a plurality of motor speed patterns and the elevator door mass can also be
considered as a substitute for the configurations of Embodiments 1 to 3.

[0066] Fig. 5 is a diagram that shows an example of the map storing unit. An example of a case in which four motor
speed patterns V1, V2, V3, and V4 are provided is shown in the figure. Average velocities within the figure are values
computed from experiments performed using the four motor speed patterns, or from door velocity waveforms obtained
by numerical simulation. It should be noted that the units shown in Fig. 5 are m/sec for average velocity, J for door kinetic
energy, and kg for door mass.

[0067] From Fig. 5, it can be understood that there is a relationship between each motor speed pattern and an elevator
door mass range when the door kinetic energy limit is specified. A case in which the door kinetic energy limit value is
specified at 8 J (corresponding to a portion surrounded by a rectangular frame) is explained. Fig. 5 shows, for example,
that if the motor speed pattern V1 is used when the door mass is equal to or less than 370 kg, the motor speed pattern
V2 is used when the door mass is in a range from 370 to 462 kg, the motor speed pattern V3 is used when the door
mass is in a range from 462 kg to 649 kg, and the motor speed pattern V4 is used when the door mass is in a range
from 649 to 665 kg, then the door kinetic energy at that time will always be equal to or less than 8 J.

[0068] The speed pattern selecting unit 10 performs selection by reading in the corresponding motor speed pattern
from the map, which is stored in advance in the map storing unit, based on the elevator door mass at each floor. The
velocity command portion 4 performs elevator door opening and closing control according to the motor speed pattern
that is read. Actual computations by the door kinetic energy computing unit 9, the velocity limit value computing unit 9a,
or the like can thus be substituted by using the map or table.

[0069] It should be noted that, although cases of using the average velocity as the door velocity for computing the
kinetic energy are explained with the elevator door control devices according to Embodiment 1 to Embodiment 4, it is
clear that similar effects can also be attained for cases where the maximum velocity is used.

Industrial Applicability

[0070] As described above, an appropriate door velocity considering the door parameter relating to the kinetic energy
restrictions can be achieved according to the present invention. As a result, an elevator door control device that achieves
compatibility between safety and comfort for elevator users can be provided.

Claims

1. An elevator door control device that performs elevator door opening and closing control by outputting a torque
command to an elevator door driving means, the torque command corresponding to a motor speed pattern that is
selected from a plurality of motor speed patterns, the elevator door control device being characterized by comprising:

kinetic energy computing means (9) that computes door kinetic energy for each floor based on the mass of the
elevator door at each floor, and door velocity information at a time of door opening and closing operation which
was provided depending on a plurality of motor speed patterns; and

speed pattern selecting means (10) that selects one of the plurality of motor speed patterns as the motor speed
pattern that controls opening and closing of the elevator door at each floor, the selection being based on
computational results of the door kinetic energy at each floor from the kinetic energy computing means (9) and
a predetermined door kinetic energy limit.
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The elevator door control means according to claim 1, characterized in that:

the predetermined door kinetic energy limit in the speed pattern selecting means has a condition of a range
including an upper limit and a lower limit.

The elevator door control device according to claim 1 or 2, characterized in that the speed pattern selecting means
(10) selects a motor speed pattern having a shortest elevator door opening and closing time from motor speed
patterns that satisfy a predetermined door kinetic energy limit.

The elevator door control means according to claim 3, characterized in that, for cases where a plurality of motor
speed patterns exist having the shortest elevator door opening and closing time, the speed pattern selecting means
(10) selects a motor speed pattern having a smallest maximum door velocity from among the plurality of motor
speed patterns that the elevator door opening and closing time is shortest.

The elevator door control device according to claim 1 or 2, characterized in that the speed pattern selecting means
(10) selects a motor speed pattern that obtains a maximum door kinetic energy that satisfies a predetermined door
kinetic energy limit.

An elevator door control device that performs elevator door opening and closing control by outputting a torque
command to an elevator door driving means, the torque command corresponding to a motor speed pattern that is
selected from a plurality of motor speed patterns, the elevator door control device being characterized by comprising:

velocity limit value computing means (9a) that computes an average door velocity or a maximum door velocity
limit value for each floor based on the mass of the elevator door at each floor and a predetermined door kinetic
energy limit; and

speed pattern selecting means (10) that selects one of the plurality of motor speed patterns as the motor speed
pattern that controls opening and closing of the elevator door at each floor, the selection being based on the
computational results of the limit value of the average door velocity or a maximum door velocity at each floor
from the velocity limit value computing means (9a).

The elevator door control device according to claim 6, characterized in that the speed pattern selecting means
(10) selects a motor speed pattern having a shortest elevator door opening and closing time from motor speed
patterns that satisfy the computed average door velocity or a maximum door velocity limit value.

The elevator door control means according to claim 7, characterized in that, for cases where a plurality of motor
speed patterns exist having the shortest elevator door opening and closing time, the speed pattern selecting means
(10) selects a motor speed pattern having a smallest maximum door velocity from among the plurality of motor
speed patterns that the elevator door opening and closing time is shortest.

An elevator door control device that performs elevator door opening and closing control by outputting a torque
command to an elevator door driving means, the torque command corresponding to a motor speed pattern that is
selected from a plurality of motor speed patterns, the elevator door control device being characterized by comprising:

map storing means that stores, in advance, a map having correspondence between the plurality of the motor
speed patterns and the mass of the elevator door; and

speed pattern selecting means (10) that selects, based on the mass of the elevator door at each floor and a
predetermined door kinetic energy limit, a motor speed pattern by reading a corresponding motor speed pattern
from the map that is stored in advance in the map storing means.

10. The elevator door control device according to any one of claims 1 to 9, further comprising:

door mass computing means that computes the mass of the elevator door based on the motor speed of the
driving means during elevator door opening and closing operations, and the torque command.

Patentanspriiche

Steuervorrichtung fiir eine Aufzugtiir, welche die Steuerung eines Offnens und Schliessens einer Aufzugtiir durch
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ein Ausgeben eines Drehmoment-Befehls an ein Aufzugtir-Antriebselement durchfiihrt, wobei der Drehmoment-
Befehl einem Motorgeschwindigkeits-Muster entspricht, welches aus einer Mehrzahl von Motorgeschwindigkeits-
Mustern ausgewahlt ist, wobei die Steuervorrichtung fir eine Aufzugtir gekennzeichnet ist durch:

ein Bewegungsenergie-Berechnungselement (9), welches eine Tir-Bewegungsenergie fiir jedes Stockwerk
basierend auf der Masse von der Aufzugtir an jedem Stockwerk, und eine Tir-Geschwindigkeits-Information
zum Zeitpunkt eines Tiir-Offnungs- und -Schliess-Betriebes, welcher in Abhéngigkeit von einer Mehrzahl von
Motorgeschwindigkeits-Mustern bereitgestellt wurde, berechnet; und

ein Geschwindigkeits-Muster-Auswahlelement (10), welches eines von der Mehrzahl von Motorgeschwindig-
keits-Mustern als das Motorgeschwindigkeits-Muster auswahlt, welches das Offnen und Schliessen von der
Aufzugtir auf jedem Stockwerk steuert, wobei die Auswahl auf Berechnungsergebnissen von der Tlr-Bewe-
gungsenergie auf jedem Stockwerk von dem Bewegungsenergie-Berechnungselement (9) und einer vorbe-
stimmten TlUr-Bewegungsenergie-Begrenzung basiert.

Steuervorrichtung fiir eine Aufzugtir nach Anspruch 1, dadurch gekennzeichnet, dass:

die vorbestimmte Tir-Bewegungsenergie-Begrenzung in dem Geschwindigkeits-Muster-Auswahlelement ei-
nen Bereichszustand hat, welcher eine obere Begrenzung und eine untere Begrenzung enthalt.

Steuervorrichtung fir eine Aufzugtir nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Geschwindig-
keits-Muster-Auswahlelement (10) ein Motorgeschwindigkeits-Muster, welches eine kiirzeste Aufzugtiir-Offnungs-
und Schliess-Zeit hat, aus Motorgeschwindigkeits-Mustern auswahlt, welche eine vorbestimmte Tir-Bewegungs-
energie-Begrenzung erftllen.

Steuervorrichtung fiir eine Aufzugtiir nach Anspruch 3, dadurch gekennzeichnet, dass in jenen Fallen, bei welchen
eine Mehrzahl von Motorgeschwindigkeits-Mustern vorliegen, welche die kiirzeste Aufzugtiir-Offnungs-und
Schliess-Zeit haben, das Geschwindigkeits-Muster-Auswahlelement (10) ein jenes Motorgeschwindigkeits-Muster,
welches eine geringste maximale Tir-Geschwindigkeit hat, aus der Mehrzahl von Motorgeschwindigkeits-Mustern
auswahlt, bei welchen die Aufzugtiir-Offnungs- und Schliess-Zeit am kiirzesten ist.

Steuervorrichtung fir eine Aufzugtir nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Geschwindig-
keits-Muster-Auswahlelement (10) ein Motorgeschwindigkeits-Muster auswahlt, welches eine maximale Tir-Bewe-
gungsenergie erlangt, welche eine vorbestimmten Tiir-Bewegungsenergie-Begrenzung erfilllt.

Steuervorrichtung fiir eine Aufzugtiir, welche die Steuerung eines Offnens und Schliessens einer Aufzugtiir durch
ein Ausgeben eines Drehmoment-Befehls an ein Aufzugtir-Antriebselement durchfiihrt, wobei der Drehmoment-
Befehl einem Motorgeschwindigkeits-Muster entspricht, welches aus einer Mehrzahl von Motorgeschwindigkeits-
Mustern ausgewahlt ist, wobei die Steuervorrichtung fiir eine Aufzugtir gekennzeichnet ist durch:

ein Geschwindigkeits-Begrenzungswert-Berechnungselement (9a), welches einen mittleren Tir-Geschwindig-
keits- oder einen maximalen Tur-Geschwindigkeits-Begrenzungswert fiir jedes Stockwerk basierend auf der
Masse von der Aufzugtir auf jedem Stockwerk und einer vorbestimmten Tur-Bewegungsenergie-Begrenzung
berechnet; und

ein Geschwindigkeits-Muster-Auswahlelement (10), welches eines von der Mehrzahl von Motorgeschwindig-
keits-Mustern als das Motorgeschwindigkeits-Muster auswahlt, welches das Offnen und Schliessen von der
Aufzugtir auf jedem Stockwerk steuert, wobei die Auswahl auf den Berechnungsergebnissen von dem Begren-
zungswert von der mittleren Tir-Geschwindigkeit oder einer maximalen Tir-Geschwindigkeit auf jedem Stock-
werk von dem Geschwindigkeits-Begrenzungswert-Berechnungselement (9a) basiert.

Steuervorrichtung fir eine Aufzugtiir nach Anspruch 6, dadurch gekennzeichnet, dass das Geschwindigkeits-
Muster-Auswahlelement (10) ein Motorgeschwindigkeits-Muster, welches eine kiirzeste Aufzugtiir-Offnungs- und
Schliess-Zeit hat, aus Motorgeschwindigkeits-Mustern auswahlt, welche den berechneten mittleren Tir-Geschwin-
digkeits- oder maximalen Tlr-Geschwindigkeits-Begrenzungswert erfiillen.

Steuervorrichtung fir eine Aufzugtiir nach Anspruch 7, dadurch gekennzeichnet, dass in jenen Fallen, bei welchen
eine Mehrzahl von Motorgeschwindigkeits-Mustern vorliegen, welche die kiirzeste Aufzugtiir-Offnungs-und
Schliess-Zeit haben, das Geschwindigkeits-Muster-Auswahlelement (10) ein jenes Motorgeschwindigkeits-Muster,
welches eine geringste maximale Tir-Geschwindigkeit hat, aus der Mehrzahl von Motorgeschwindigkeits-Mustern
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auswahlt, bei welchen die Aufzugtiir-Offnungs- und Schliess-Zeit am kiirzesten ist.

Steuervorrichtung fiir eine Aufzugtiir, welche die Steuerung eines Offnens und Schliessens einer Aufzugtiir durch
ein Ausgeben eines Drehmoment-Befehls an ein Aufzugtir-Antriebselement durchfiihrt, wobei der Drehmoment-
Befehl einem Motorgeschwindigkeits-Muster entspricht, welches aus einer Mehrzahl von Motorgeschwindigkeits-
Mustern ausgewahlt ist, wobei die Steuervorrichtung fiir eine Aufzugtiir gekennzeichnet ist durch:

ein Kennfeld-Speicherelement, welches zuvor ein Kennfeld speichert, welches eine Ubereinstimmung zwischen
der Mehrzahl von den Motorgeschwindigkeits-Mustern und der Masse von der Aufzugtir hat; und

ein Geschwindigkeits-Muster-Auswahlelement (10), welches basierend auf der Masse von der Aufzugtir auf
jedem Stockwerk und einer vorbestimmten Tur-Bewegungsenergie-Begrenzung ein Motorgeschwindigkeits-
Muster durch ein Auslesen eines entsprechenden Motorgeschwindigkeits-Musters aus dem Kennfeld auswahlt,
welches zuvor in dem Kennfeld-Speicherelement gespeichert ist.

10. Steuervorrichtung flr eine Aufzugtiir nach einem der Anspriiche 1 bis 9, welche ferner enthalt:

ein TUrmasse-Berechnungselement, welches die Masse von der Aufzugtir basierend auf der Motorgeschwin-
digkeit von dem Antriebselement wahrend des Aufzugtiir-Offnungs- und -Schliess-Betriebes und des Drehmo-
ment-Befehls berechnet.

Revendications

Dispositif de commande de porte d’ascenseur qui effectue la commande de I'ouverture et de la fermeture de la
porte d’ascenseur en délivrant une commande de couple a un moyen d’entrainement de la porte d’ascenseur ; la
commande de couple correspondant a une configuration de vitesse de moteur qui est choisie parmi une pluralité
de configurations de vitesse de moteur, le dispositif de commande de la porte d’ascenseur étant caractérisé en
ce qu’il comprend :

- un moyen de calcul d’énergie cinétique (9) qui calcule I'énergie cinétique de la porte pour chaque étage sur
la base de la masse de la porte d’'ascenseur a chaque étage et des informations de vitesse de porte lors de
I'opération d’ouverture et de fermeture de la porte qui sont fournies en fonction d’'une pluralité de configurations
de vitesse de moteur ; et

- un moyen de sélection de configuration de vitesse (10) qui sélectionne une configuration de vitesse de moteur
parmi la pluralité de configurations de vitesse de moteur comme configuration de vitesse de moteur qui com-
mande l'ouverture et la fermeture de la porte d’'ascenseur a chaque étage, la sélection étant basée sur les
résultats de calcul de I'énergie cinétique de la porte a chaque étage par le moyen de calcul d’énergie cinétique
(9) et sur une limite d’énergie cinétique prédéterminée de la porte.

Dispositif de commande de porte d’ascenseur selon la revendication 1, caractérisé en ce que :

- la limite d’énergie cinétique prédéterminée de la porte dans le moyen de sélection de configuration de vitesse
répond a une condition dans une plage comprenant une limite supérieure et une limite inférieure.

Dispositif de commande de porte d’'ascenseur selon la revendication 1 ou 2, caractérisé en ce que le moyen de
sélection de configuration de vitesse (10) sélectionne une configuration de vitesse de moteur ayant une durée
d’ouverture et de fermeture de la porte d’ascenseur la plus courte parmi des configurations de vitesse de moteur
qui répondent a une limite d’énergie cinétique prédéterminée de la porte.

Dispositif de commande de porte d’ascenseur selon la revendication 3, caractérisé en ce que, dansle casou il y
a une pluralité de configurations de vitesse de moteur ayant la durée d’ouverture et de fermeture de la porte
d’ascenseur la plus courte, le moyen de sélection de configuration de vitesse (10) sélectionne une configuration de
vitesse de moteur ayant une vitesse maximale de la porte la plus petite parmi la pluralité de configurations de vitesse
de moteur de sorte que la durée d’ouverture et de fermeture de la porte d’'ascenseur soit la plus courte.

Dispositif de commande de porte d’'ascenseur selon la revendication 1 ou 2, caractérisé en ce que le moyen de

sélection de configuration de vitesse (10) sélectionne une configuration de vitesse de moteur qui obtient une énergie
cinétigue maximale de la porte qui répond a une limite d’énergie cinétique prédéterminée de la porte.
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6. Dispositif de commande de porte d’ascenseur qui effectue la commande d’ouverture et de fermeture de la porte

d’ascenseur en délivrantune commande de couple a un moyen d’entrainement de la porte d’ascenseur, lacommande
de couple correspondant a une configuration de vitesse de moteur qui est sélectionnée parmi une pluralité de
configurations de vitesse de moteur, le dispositif de commande de la porte d’ascenseur étant caractérisé en ce
qu’il comprend :

- un moyen de calcul de valeur limite de vitesse (9a) qui calcule une vitesse moyenne de la porte ou une valeur
limite de vitesse maximale de |a porte pour chaque étage sur la base de la masse de la porte d’ascenseur a
chaque étage et une limite d’énergie cinétique prédéterminée de la porte ; et

- un moyen de sélection de configuration de vitesse (10) qui sélectionne une configuration de vitesse de moteur
parmi la pluralité de configurations de vitesse de moteur comme configuration de vitesse de moteur qui com-
mande l'ouverture et la fermeture de la porte d’ascenseur a chaque étage, la sélection étant basée sur les
résultats de calcul de la vitesse moyenne de la porte ou de la vitesse maximale de la porte a chaque étage par
le moyen de calcul de valeur limite de vitesse (9a).

Dispositif de commande de porte d’ascenseur selon la revendication 6, caractérisé en ce que le moyen de sélection
de configuration de vitesse (10) sélectionne une configuration de vitesse de moteur ayant une durée d’ouverture et
de fermeture de la porte d’ascenseur la plus courte parmi des configurations de vitesse de moteur qui répondent a
la vitesse moyenne calculée de la porte ou a une valeur limite de vitesse maximale de la porte.

Dispositif de commande de porte d’ascenseur selon la revendication 7, caractérisé en ce que, dans les cas ou |l
y a une pluralité de configurations de vitesse de moteur ayant la durée d’ouverture et de fermeture de la porte
d’ascenseur la plus courte, le moyen de sélection de configuration de vitesse (10) sélectionne une configuration de
vitesse de moteur ayant une vitesse maximale de la porte la plus petite parmi la pluralité de configurations de vitesse
de moteur de sorte que la durée d’ouverture et de fermeture de la porte d’'ascenseur soit la plus courte.

Dispositif de commande de porte d’ascenseur qui effectue la commande d’ouverture et de fermeture de la porte
d’ascenseur en délivrantune commande de couple a un moyen d’entrainement de la porte d’ascenseur, lacommande
de couple correspondant a une configuration de vitesse de moteur qui est choisie parmi une pluralité de configurations
de vitesse de moteur, le dispositif de commande de porte d’'ascenseur étant caractérisé en ce qu’il comprend :

- un moyen de stockage de carte qui stocke, a 'avance, une carte ayant une correspondance entre la pluralité
de configurations de vitesse de moteur et la masse de la porte d’ascenseur ; et

- un moyen de sélection de configuration de vitesse (10) qui sélectionne, sur la base de la masse de la porte
d’ascenseur a chaque étage et d’une limite d’énergie cinétique prédéterminée de la porte, une configuration
de vitesse de moteur en lisant une configuration de vitesse de moteur correspondante a partir de la carte qui
est stockée a I'avance dans le moyen de stockage de carte.

10. Dispositif de commande de porte d’ascenseur selon 'une quelconque des revendications 1 a9, comprenant enoutre :

- un moyen de calcul de masse de la porte qui calcule la masse de la porte d’ascenseur sur la base de la vitesse
de moteur du moyen d’entrainement pendant des opérations d’ouverture et de fermeture de la porte d’ascenseur
et la commande de couple.
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FIG. 2

[SPEED SELECTION METHOD]

SPEED PATTERN

SPEED A N
DOOR OPENING AND >
CLOSING TIME: SHORT P )
(INITIAL VALUE)
SPEED C —
D

DOOR OPENING AND
CLOSING TIME: LONG Y SPEEDD &
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FIG. 5

MOTOR SPEED PATTERN
V1 V2 V3 V4
AVERAGE

DooR~SPEED| g 208 0.186 0.157 0.155

KINETIC

ENERGY
15 ~693 | 693~866 | 866~1216 | 1216~ 1247
14 ~647 | 647~809 | 809~1135 | 1135~1163
13 ~601 | 601~751 | 751~1054 | 1054~ 1080
12 ~555 | 555~693 | 693~973 | 973~997
11 ~508 | 508~635 | 635~892 | . 892~914
10 ~462 | 462~578 | 578~811 811~831
9 ~416 | 416~520 | 520~730 | 730~748

[ 8 ~370 | 370~462 | 462~649 | 649~665

7 ~324 | 324~404 | 404~568 | 568~582
6 ~277 | 277~347 | 347~487 | 487~499
5 ~231 | 231~289 | 289~405 | 405~416
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