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(54) DOOR CONTROL DEVICE FOR ELEVATOR

(57) There is provided an elevator door control de-
vice capable of measuring the weight of an elevator door
more correctly. For this purpose, the control device has
a configuration including a torque instruction issuing
means for issuing torque instructions to a door motor for
moving the elevator door, a torque instruction storing
means for storing the value of torque instruction at the
time when the door is moved at a fixed speed, a door
driving force calculating means for calculating the value
of the force applied to the door when the door is moved

while being accelerated, based on a value obtained by
subtracting the value of torque instruction at the time
when the door is moved at the fixed speed from the value
of torque instruction at the time when the door is moved
while being accelerated, and a door weight calculating
means for calculating the weight of the door by dividing
the value of the force applied to the door when the door
is moved while being accelerated by the value of the ac-
celeration of the door at the time when the door is moved
while being accelerated.
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Description

Technical Field

[0001] The present invention relates to an elevator door control device.

Background Art

[0002] As the quantity representing the degree of shock at the time when an object is caught between a door and a
door or between a door and a door stop post of elevator, kinetic energy has been used widely. Taking the weight of
object as W(kg) and the speed of object as V(m/s), the kinetic energy of this object is represented by WV2/2(J). That is,
as the value of the weight W or the speed V of object increases, the shock becomes stronger.
[0003] In Japan, there are no regulations with regard to the kinetic energy of elevator door. However, for example,
European elevator standard EN81-1-1998 specifies that "the kinetic energy of a car door and a hall door at the time of
average door closing speed shall be 10(J) or lower". In some other districts as well, the kinetic energy at the door closing
time has been specified. When an elevator is installed in such a district, the regulations with regard to the kinetic energy
of door must be observed.
[0004]  When the kinetic energy of door is calculated, before the door is installed, the weight M of the door can be
grasped by actual measurement. However, the weight M of door takes various values depending on the material of door,
the breadth of elevator entrance, and the like. Therefore, the weight M of door must be measured for every elevator.
Also, in order to keep the kinetic energy at the door closing time at a fixed value or less, after the door has been installed,
the speed of door must be adjusted considering the weight M of door. For this reason, the adjustment of kinetic energy
of the door requires much time and labor.
[0005] To save such time and labor, a means for automatically measuring the door weight has been used. In this
means, the door weight is measured by utilizing the equation of motion. Specifically, acceleration a at the time when the
door is opened and closed and force F applied to the door are calculated, and F/a is determined to obtain the door weight
(for example, refer to Patent Literature 1).
[0006] In this means, a mechanical loss occurs on account of a mechanism such as a speed reducer and a link during
the time when the power of a door motor is transmitted to the door. That is, the door motor delivers torque necessary
for moving the door and the mechanism. Therefore, if the door motor torque, which is a power source for the door, is
converted simply into the force F applied to the door, the measurement error of door weight increases.
[0007] That is, in order to measure the force F applied to the door more correctly, it is necessary to subtract the
mechanical loss occurring on account of the mechanism such as the speed reducer and the link from the door motor
torque. This mechanical loss can be calculated theoretically from the size and weight of the mechanism such as the
speed reducer and the link. Therefore, if the door weight W is made (Fm-FL)/a by taking the quantity obtained by
converting door motor torque into force as Fm and taking the theoretical value of mechanical loss as FL, the measurement
error of door weight W can be reduced.

Citation List

Patent Literature

[0008] Patent Literature 1: Japanese Patent Laid-Open No. 2009-1430

Summary of Invention

Technical Problem

[0009] Actually, however, each elevator shows its peculiar mechanical loss. For example, the running resistance of
door is a mechanical loss peculiar to individual elevator. For this reason, even if the door weight W is made (Fm-FL)/a,
a difference occurs between the theoretical value of door weight and the actual value of door weight.
[0010] That is, the motor torque is delivered as a torque including the torque for resisting the mechanical loss peculiar
to individual elevator. Therefore, in order to measure the door weight more correctly, an overall mechanical loss including
not only the theoretical value FL but also the mechanical loss peculiar to individual elevator must be subtracted from
the quantity Fm obtained by converting motor torque into force.
[0011] However, the mechanical loss peculiar to individual elevator cannot be estimated on the top of a desk. Also, it
requires time and labor to measure the mechanical loss peculiar to individual elevator when the elevator is installed. For
these reasons, when the door weight is measured, the mechanical loss peculiar to individual elevator is actually ignored.
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[0012] Consideration is given to the case where the value obtained by converting motor torque into force is increased
by ΔFm by the mechanical loss peculiar to individual elevator. The measured value W’ of door weight in this case is (Fm
+ ΔFm - FL)/a. Therefore, the error between the actual door weight W and the measured value W’ is ΔFm/a.
[0013] In the case where the kinetic energy at the door closing time is going to be kept at a fixed value or less based
on the measured value W’ of door weight including this error, a speed such that the kinetic energy takes the fixed value
or less at the measured value W’ of door weight has only to be selected. Considering the operation efficiency of elevator,
the door opening/closing speed is preferably faster. That is, for the actual elevator, it is demanded that the door opening/
closing speed be made as fast as possible while the kinetic energy of door is kept at the fixed value or less. However,
if the measured value W’ of door weight is used when the speed such that the kinetic energy of door takes the fixed
value or less is selected, there arises a problem that the door closing speed undesirably becomes slower than necessary.
[0014] The present invention has been made to solve the above-described problems, and accordingly an object thereof
is to provide an elevator door control device capable of measuring the weight of elevator door more correctly.

Means for Solving Problems

[0015] An elevator apparatus of the present invention includes torque instruction issuing means for issuing torque
instructions to a door motor for moving an elevator door, torque instruction storing means for storing the value of torque
instruction at the time when the door is moved at a fixed speed, door driving force calculating means for calculating the
value of the force applied to the door when the door is moved while being accelerated, based on a value obtained by
subtracting the value of torque instruction at the time when the door is moved at the fixed speed from the value of torque
instruction at the time when the door is moved while being accelerated and door weight calculating means for calculating
the weight of the door by dividing the value of the force applied to the door when the door is moved while being accelerated
by the value of the acceleration of the door at the time when the door is moved while being accelerated.

Advantageous Effect of Invention

[0016]  According to the present invention, the weight of elevator door can be measured more correctly.

Brief Description of Drawings

[0017]

Figure 1 is a front view of a car entrance, being viewed from the outside of elevator car for which an elevator door
control device in accordance with a first embodiment of the present invention is used.
Figure 2 is a block diagram for explaining the outline of the elevator door control device in accordance with a first
embodiment of the present invention.
Figure 3 is a block diagram of the door controller of elevator in accordance with the first embodiment of the present
invention.
Figure 4 is a diagram for explaining the door speed, the speed ratio of door to door motor, and the motor speed in
the case where the speed ratio of door and motor of the elevator for which the elevator door control device in
accordance with the first embodiment of the present invention is used is inconstant.
Figure 5 is a diagram for explaining a standard at the time when it is determined, by the elevator door control device
in accordance with the first embodiment of the present invention, that the door speed is not fixed.
Figure 6 is a diagram for explaining the door motor torque corresponding to the overall mechanical loss sampled
by the elevator door control device in accordance with the first embodiment of the present invention.
Figure 7 is a flowchart for explaining the motion at the time when the elevator door control device in accordance
with the first embodiment of the present invention learns the torque of door motor corresponding to the overall
mechanical loss.
Figure 8 is a block diagram of the elevator door control device in accordance with the first embodiment of the present
invention.
Figure 9 is a diagram for explaining the method by which the elevator door control device in accordance with the
first embodiment of the present invention measures the weight of the door 1.
Figure 10 is a flowchart for explaining the motion at the time when the elevator door control device in accordance
with the first embodiment of the present invention measures the weight of the door 1.

Description of Embodiment

[0018] An embodiment for carrying out the present invention will now be described with reference to the accompanying
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drawings. In the drawings, the same reference signs are applied to the same or equivalent parts, and the duplicated
explanation thereof is simplified or omitted as appropriate.

First embodiment

[0019] Figure 1 is a front view of a car entrance, being viewed from the outside of elevator car for which an elevator
door control device in accordance with a first embodiment of the present invention is used. Figure 2 is a block diagram
for explaining the outline of the elevator door control device in accordance with a first embodiment of the present invention.
[0020] In Figure 1, reference sign 1 denotes an elevator door. Specifically, the door 1 is a car door. The doors 1 are
provided at the entrance of elevator car. These doors 1 are hung from a door rail 2 in the upper edge portion of car
entrance. Above the door rail 2, a door motor 3 is provided. At the side of the door motor 3, a speed reducer 4 is provided.
To the speed reducer 4, one end of a link 5 is connected. The other end of the link 5 is connected to the back surface
of the door 1. Also, in an upper portion in the center of the door rail 2, a closed position detecting switch 6 is provided.
On the other hand, in an upper portion on one side of the door rail 2, an open position detecting switch 7 is provided.
Above the speed reducer 4, a door controller 8 is provided.
[0021] As shown in Figure 2, in the vicinity of the door motor 3, a pulse generator 9 is provided. The pulse generator
9 generates pulses of the number corresponding to the rotation quantity of the door motor 3 based on the open position
or the closed position of the door 1. The door controller 8 is provided with a ROM 10, a CPU 11, a motor drive circuit
12, an interface circuit 13, and a RAM 14.
[0022] The ROM 10 has a function of storing various kinds of data and the like concerning the opening/closing control
of the door 1. For example, in the ROM 10, an algorithm for opening and closing the door 1 smoothly has been written.
The CPU 11 has a function of issuing motor speed instructions based on the algorithm stored in the ROM 10. Also, the
CPU 11 has a function of issuing motor torque instructions based on the motor speed instructions.
[0023] The motor drive circuit 12 has a function of supplying an electric current corresponding to the motor torque
instruction issued by the CPU 11 to the door motor 3. The interface circuit 13 has a function of capturing the pulse signals
generated from the pulse generator 9. The RAM 14 has a function of storing the calculation results of the CPU 11 as
appropriate.
[0024] In the door controller 8, the CPU 11 calculates the actual speed of the door motor 3 based on the pulses
captured by the interface circuit 13. Also, the CPU 11 adjusts the value of motor torque instruction as appropriate so
that the actual speed of the door motor 3 agrees with the motor speed instruction. By this adjustment, the door 1 is
opened and closed smoothly.
[0025] The door controller 8 of this embodiment has a function of automatically measuring the weight of the door 1.
Specifically, in the ROM 10, parameters necessary for automatically measuring the weight of the door 1 have been
written. The CPU 11 calculates the weight of the door 1 based on the actual speed of the door motor 3 and the motor
torque instruction. Hereunder, the basic concept concerning the measuring method for the weight of the door 1 in this
embodiment is explained.
[0026] As shown in Figure 1, the power for the door motor 3 is transmitted to the door 1 via a mechanism such as the
speed reducer 4 and the link 5. In this case, the power for the door motor 3 includes a mechanical loss FL produced by
the mechanism of the speed reducer 4 and the link 5 in addition to the force necessary for moving the door 1. This
mechanical loss FL is calculated theoretically.
[0027] In the case where only this theoretical mechanical loss FL is a mechanical loss at the time when the door 1 is
driven, taking the power for the door motor 3 as Fm, the weight of the door 1 as W, and the acceleration of the door 1
as a, the equation of motion can be expressed by Formula (1). 

[0028] That is, in the case where only the theoretical mechanical loss FL is a mechanical loss at the time when the
door 1 is driven, the weight W of the door 1 can be represented by Formula (2). 

[0029] If the power Fm for the door motor 3 at the time when the acceleration of the door 1 is zero is made Fm’,
substituting a = 0 into Formula (1) gives the following relationship expressed by Formula (3). 
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[0030] That is, the power Fm’ for the door motor 3 in the case where the acceleration of the door 1 is zero can be
represented by Formula (4). 

[0031]  However, the power for the door motor 3 includes a force resisting a mechanical loss peculiar to individual
elevator. For example, the running resistance produced by the movement of the door 1 along the door rail 2 yields the
mechanical loss peculiar to individual elevator. This mechanical loss peculiar to individual elevator cannot be estimated
theoretically on the top of a desk.
[0032] In this case, taking the mechanical loss peculiar to individual elevator as ΔFL, and the force for resisting the
mechanical loss peculiar to individual elevator as ΔFm, in the case where the acceleration of the door 1 is zero, substituting
a = 0 into Formula (1) gives the following relationship expressed by Formula (5). 

[0033] In this case, considering the relationship expressed by Formula (4), the force ΔFm for resisting the mechanical
loss peculiar to individual elevator can be represented by Formula (6). 

[0034] That is, the force ΔFm for resisting the mechanical loss peculiar to individual elevator is the mechanical loss
ΔFL peculiar to individual elevator itself. In other words, the power (Fm’ + ΔFm) for the door motor 3 including the force
ΔFm for resisting the mechanical loss peculiar to individual elevator is an overall mechanical loss obtained by adding
the mechanical loss ΔFL peculiar to individual elevator to the theoretical mechanical loss FL.
[0035]  Accordingly, when the door 1 is opened or closed ordinarily, the door controller 8 of this embodiment calculates
the weight W’ of the door 1 by utilizing the overall mechanical loss. Specifically, when the value obtained by converting
the motor torque including the force ΔFm for resisting the mechanical loss peculiar to individual elevator into a force is
taken as FM, the door controller 8 calculates the weight W’ of the door 1 represented by Formula (7). 

in which FM = Fm + ΔFm
[0036] As shown in Formula (6), ΔFm equals ΔFL. Therefore, the weight W’ of the door 1 is represented by Formula (8). 

[0037] Also, as shown in Formula (2), (Fm - FL)/a equals W. Therefore, the weight W’ of the door 1 can be represented
by Formula (9). 

[0038] That is, the weight W’ of the door 1 considering the mechanical loss peculiar to individual elevator takes the
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same value as that of the weight W of the door 1 in the case where only the theoretical mechanical loss FL is the
mechanical loss. In other words, theoretically, the weight W’ of the door 1 has no error.
[0039] When the door 1 is opened or closed, the acceleration and the deceleration of the door 1 are necessary.
Therefore, in the process from acceleration to deceleration of the door 1, the acceleration a of the door 1 becomes zero
at some time. In this case, a equals zero, so that the weight W’ of the door 1 cannot be calculated by Formula (8).
Accordingly, the door controller 8 of this embodiment calculates the weight W’ of the door 1 by using a force F1 applied
to the door 1 when the acceleration a of the door 1 takes the maximum value a1 and a force F2 applied to the door 1
when the acceleration of the door 1 takes the minimum value a2.
[0040] Taking Fm, ΔFm, FL and ΔFL at the time when the acceleration of the door 1 takes the maximum value a1 as
Fm1, ΔFm1, FL1 and ΔFL1, respectively, the force F1 applied to the door 1 at this time can be represented by Formula (10). 

[0041] Also, taking Fm, ΔFm, FL and ΔFL at the time when the acceleration of the door 1 takes the minimum value
a2 as Fm2, ΔFm2, FL2 and ΔFL2, respectively, the force F2 applied to the door 1 at this time can be represented by
Formula (11). 

[0042] In this embodiment, the weight W’ of the door 1 is calculated by Formula (12). 

[0043] Next, referring to Figures 3 to 7, a method of calculating the overall mechanical loss at the time when the door
1 is moved is explained.
First, referring to Figure 3, the outline of a method of moving the door 1 at a fixed speed is explained.
Figure 3 is a block diagram of the door controller of elevator in accordance with the first embodiment of the present
invention.
As described above, in order to calculate the overall mechanical loss at the time when the door 1 is moved, it is necessary
to move the door 1 at a fixed speed. In this case, a special motor speed instruction different from the ordinary door
opening/closing time becomes necessary.
[0044] Accordingly, in the ROM 10 of this embodiment, a speed control constant Cj for moving the door 1 at a fixed
speed and a value V for setting the fixed speed have been written. When the door 1 is moved at the fixed speed, the
CPU 11 functions as a speed instruction issuing means 15, a torque instruction issuing means 16, a current instruction
issuing means 17, a motor actual speed calculating means 18, a door speed calculating means 19, a door acceleration
calculating means 20, and an acceleration monitoring means 21.
[0045] The speed instruction issuing means 15 has a function of issuing motor speed instructions based on the number
of pulses p generated by the pulse generator 9, the speed control constant Cj and the fixed speed value V of the door
1 having been written in the ROM 10. The torque instruction issuing means 16 has a function of issuing motor torque
instructions T to the door motor 3 based on the motor speed instructions issued by the speed instruction issuing means
15. The current instruction issuing means 17 has a function of issuing current instructions corresponding to the electric
current supplied to the door motor 3 based on the torque instructions T issued by the torque instruction issuing means
16. The motor actual speed calculating means 18 has a function of calculating the actual speed ω of the door motor 3
based on the number of pulses p introduced into the interface circuit 13.
[0046] The door speed calculating means 19 has a function of calculating the speed of the door 1 based on the speed
control constant Cj having been written in the ROM 10 and the actual speed ω of the door motor 3 calculated by the
motor actual speed calculating means 18. The door acceleration calculating means 20 has a function of calculating the
acceleration a of the door 1 based on the speed of the door 1 calculated by the door speed calculating means 19. The
acceleration monitoring means 21 has a function of monitoring the acceleration a of the door 1 calculated by the door
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acceleration calculating means 20.
[0047] Even if the door motor 3 is rotated through the motor speed instruction corresponding to the fixed speed value
V, in some cases, the actual speed ω of the door motor 3 deviates from the motor speed instruction, and the door 1
does not move at the fixed speed. In this case, the torque of the door motor 3 includes a torque for moving the door 1.
That is, the overall mechanical loss cannot be learnt with high accuracy. In this embodiment, accordingly, the acceleration
monitoring means 21 is configured so as to monitor whether or not the speed of the door 1 is fixed.
[0048] Specifically, based on the full opening/closing detection signal sent from the closed position detecting switch
6 and the open position detecting switch 7 and the door opening/closing instruction issued from a control panel 22, the
acceleration monitoring means 21 monitors whether or not the speed of the door 1 is fixed. Also, based on the speed
V of the door 1, the acceleration a of the door 1, and the actual speed ω of the door motor 3, the acceleration monitoring
means 21 monitors whether or not the speed of the door 1 is fixed.
[0049] Next, referring to Figure 4, a specific method of moving the door 1 at the fixed speed is explained.
Figure 4 is a diagram for explaining the door speed, the speed ratio of door to door motor, and the motor speed in the
case where the speed ratio of door and motor of the elevator for which the elevator door control device in accordance
with the first embodiment of the present invention is used is inconstant.
[0050] In Figure 4, the abscissas represent the position of the door 1, and the ordinates represent the speed of the
door 1, the speed ratio of the door 1 to the door motor 3, and the speed of the door motor 3.
In Figure 4, reference sign 23 denotes the speed of the door 1, 24 denotes the speed ratio of the door 1 to the door
motor 3, and 25 denotes the speed of the door motor 3. As shown in Figure 4, in order to make the speed 23 of the door
1 a fixed speed value V, it is necessary to first increase the speed 23 of the door 1 to the fixed speed value V, and then
keep the speed 23 of the door 1 at the fixed speed value V.
[0051] The speed ratio 24 of the door 1 to the door motor 3 can be determined from the number of pulses p of the
pulse generator 9. In the case where the speed 23 of the door 1 is caused to correspond to the fixed speed value V, the
speed ratio 24 of the door 1 to the door motor 3 can be expressed by Formula (13). 

in which j = 0, 1, 2... N.
[0052] In the case where the power of the door motor 3 is transmitted to the door 1 via the speed reducer 4 and a belt
or chain only, the speed 25 of the door motor 3 and the speed 23 of the door 1 have a proportional relationship with
each other. In this case, C0 is the speed ratio of the door 1 to the door motor 3, and C1 = C2 = ... = CN = 0. In order to
make the speed of the door 1 the fixed speed value V, the speed of the door motor 3 has only to be fixed.
[0053] On the other hand, in the mechanism in which the power of the door motor 3 is transmitted to the door 1 via
the speed reducer 4 and the link 5 as shown in Figure 1, the speed 25 of the door motor 3 and the speed 23 of the door
1, generally, do not have a proportional relationship. Therefore, the speed ratio 24 of the door 1 to the door motor 3 is
a function of the number of pulses p of the pulse generator 9.
[0054] As the fixed speed value V increases, the movement distance of the door 1 until the speed of the door 1 reaches
the fixed speed value V lengthens. During the time when the speed of the door 1 reaches the fixed speed value V, the
overall mechanical loss cannot be measured. That is, if the acceleration distance of the door 1 is shortened, the region
in which the overall mechanical loss can be measured can be made long. Therefore, the fixed speed value V is preferably
made smaller than the speed value of the door 1 at the ordinary operation time. That is, when the overall mechanical
loss is measured, the door 1 is preferably moved at a slow speed.
[0055] Next, referring to Figure 5, a method of monitoring the speed of the door 1 is explained.
Figure 5 is a diagram for explaining a standard at the time when it is judged, by the elevator door control device in
accordance with the first embodiment of the present invention, that the door speed is not fixed.
In Figure 5, the abscissas represent the position of the door 1, and the ordinates represent the speed of the door 1, the
speed of the door motor 3, and the acceleration of the door 1. In Figure 5, reference sign 26 denotes the acceleration
of the door 1, 27 denotes the fixed speed value V, and 28 denotes the motor speed instruction. The method of judging
that the speed 23 of the door 1 does not reach the fixed speed value V is broadly divided into two methods.
[0056] In one method, when the door 1 reverses and moves in the reverse direction at a position other than the full-open
position and the full-closed position, it is determined that the speed 23 of the door 1 does not take the fixed speed value
V. Specifically, based on the full opening/closing detection signal sent from the open position detecting switch 7, the
acceleration monitoring means 21 determines whether or not the door 1 is located at a position other than the full-open
position and the full-closed position. Also, based on a change in door opening/closing instruction sent from the control
panel 22 so as to correspond to the operation of a door opening/closing button and the like on an operating panel (not
shown) in the car, the acceleration monitoring means 21 determines whether or not the door 1 has reversed and moved
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in the reverse direction. Then, the acceleration monitoring means 21 determines, based on these determinations, whether
or not the speed 23 of the door 1 takes the fixed speed value V.
[0057] In the other method, when the acceleration of the door 1 moving in the same direction becomes not zero, it is
determined that the speed 23 of the door 1 does not take the fixed speed value V. For example, the acceleration
monitoring means 21 compares the actual speed ω of the door motor 3 with the value of the motor speed instruction 28.
Then, when a difference not smaller than a predetermined difference arises between the actual speed ω of the door
motor 3 and the value of the motor speed instruction 28 as in a motor speed abnormality region 29, the acceleration
monitoring means 21 determines that the speed 23 of the door 1 does not take the fixed speed value V.
[0058] Also, when the speed of the door 1 deviates from the fixed speed value V by a predetermined value as in a
door speed abnormality region 30, the acceleration monitoring means 21 determines that the speed 23 of the door 1
does not take the fixed speed value V. In this case, the acceleration monitoring means 21 compares the value obtained
by multiplying the actual speed ω of the door motor 3 by the speed ratio R(p) with the fixed speed value V. However,
the acceleration monitoring means 21 does not store the speed ratio R(p) itself. Therefore, the acceleration monitoring
means 21 calculates the speed ratio R(p) by solving the polynomial while referring to the speed control constant Cj in
Formula (13) from the ROM 10.
[0059]  Further, when the acceleration a (26) deviates from zero by a predetermined amount or more as in a door
acceleration abnormality region 31, the acceleration monitoring means 21 determines that the speed 23 of the door 1
does not take the fixed speed value V. In this case, the acceleration monitoring means 21 monitors the acceleration a
(26) represented by Formula (14). 

in which i is a serial number, and t is sampling time.
[0060] The acceleration monitoring means 21 of this embodiment is set so as to determine, by using at least one of
the above-described methods, that the speed 23 of the door 1 does not take the fixed speed value V.
[0061] Next, referring to Figure 6, the torque of the door motor 3 that corresponds to the sampled overall mechanical
loss is explained.
Figure 6 is a diagram for explaining the door motor torque corresponding to the overall mechanical loss sampled by the
elevator door control device in accordance with the first embodiment of the present invention.
In Figure 6, the abscissas represent the position of the door 1, and the ordinates represent the torque value of the door
motor 3. In Figure 6, reference sign 32 denotes the torque of the door motor 3 corresponding to the theoretical mechanical
loss FL, 33 denotes the torque of the door motor 3 corresponding to the mechanical loss ΔFL peculiar to individual
elevator, and 34 denotes the torque of the door motor 3 corresponding to the overall mechanical loss.
[0062] As explained referring to Figure 5, when the acceleration a of the door 1 deviates from zero by the predetermined
amount or more, it is determined that the speed of the door 1 does not take the fixed speed value V. Therefore, the
region up to a position at which the speed of the door 1 takes the fixed speed value V is a non-measurement region.
[0063] The region in which the speed of the door 1 takes the fixed speed value V is a measurement region. In this
measurement region, the torque 33 of the door motor 3 corresponding to the overall mechanical loss obtained by adding
the torque 33 to the torque 32 is calculated.
[0064] Next, referring to Figure 7, a procedure for learning the torque of the door motor 3 corresponding to the overall
mechanical loss is explained.
Figure 7 is a flowchart for explaining the motion at the time when the elevator door control device in accordance with
the first embodiment of the present invention learns the torque of door motor corresponding to the overall mechanical loss.
[0065] First, in Step S1, after the power has been turned on, the region of the RAM 14 for later storing the learning
data is reset. Specifically, the number of pulses p[i] corresponding to the serial number i, the motor torque TL[i] corre-
sponding to the serial number i, and the number of learning times K are reset. Thereafter, the process proceeds to Step
S2, where the door opening is started by following the door opening instruction signal sent from the control panel 22.
Then, the process proceeds to Step S3, where the motor speed instruction is calculated. Until the speed of the door 1
reaches the fixed speed value V, the door 1 is accelerated. For this reason, Formula (5) does not hold. In this region,
therefore, the torque 34 of the door motor 3 corresponding to the overall mechanical loss is not measured automatically.
[0066] Thereafter, if the speed of the door 1 reaches the fixed speed value V in Step S4, the process proceeds to Step
S5. In Step S5, the door motor 3 is controlled so that the speed of the door 1 takes the fixed speed value V, and the
process proceeds to Step S6. In Step S6, it is determined whether or not the door 1 has reversed. If the door 1 has not
reversed, the process proceeds to Step S7, where it is determined whether or not the acceleration a is zero. If the
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acceleration a is zero, the process proceeds to Step S8.
[0067] In Step S8, it is determined whether or not the predetermined number of pulses set for every several tens to
several thousands of pulses has been reached. Herein, the torque of the door motor 3 corresponding to the overall
mechanical loss is changed by the position of the door 1. Therefore, the torque of the door motor 3 corresponding to
the overall mechanical loss is preferably sampled at a largest possible number of positions of the door 1.
[0068] If the predetermined number of pulses has not been reached in Step S8, the motions in Steps S5 to S7 are
repeated. On the other hand, if the predetermined number of pulses has been reached, the process proceeds to Step
S9. In Step S9, the motor torque instruction at this time provides the torque TL[i] of the door motor 3 corresponding to
the overall mechanical loss. In the state of being caused to correspond to the number of pulses p[i], the torque TL[i] is
stored in the RAM 14. Thereafter, in Step S10, i is incremented, and the process proceeds to Step S11. In Step S11, it
is determined whether or not the door 1 has been fully opened. If the door 1 has not been fully opened, the motions in
and after Step S5 are repeated.
[0069] On the other hand, if the door 1 has been fully opened, the process proceeds to Step S12. In Step S12, it is
determined whether or not the number of learning times is K or larger. If the number of learning times is smaller than K,
the motions in and after Step S2 are repeated. On the other hand, if the number of learning times is K or larger, the
process proceeds to Step S13. In Step S13, a value obtained by averaging K number of TL[i] is stored in the RAM 14
in the state of being caused to correspond to the number of pulses p[i], and the motion ends.
[0070] If the door 1 has reversed in Step S6, the process returns to Step S1, where TL[i] and the like stored in the
RAM 14 are reset. Also, if the acceleration a is not zero in Step S7, the process returns to Step S1, where TL[i] and the
like stored in the RAM 14 are reset. That is, the speed of the door 1 is monitored at every calculation period.
[0071] Considering the variations in torque of the door motor 3, the number of learning times is preferably larger.
However, at the learning time, the door 1 must be moved slowly, so that considering the operation efficiency of elevator,
the number of learning times is preferably smaller. Therefore, the number of learning times should be set properly
considering the performance of the door motor 3, the service situation of elevator, and the like.
[0072]  Next, referring to Figures 8 to 10, a method of automatically calculating the weight of the door 1 by utilizing
the torque of the door motor 3 corresponding to the learnt overall mechanical loss.
First, referring to Figure 8, the outline of a method of calculating the weight of the door 1 is explained.
Figure 8 is a block diagram of the elevator door control device in accordance with the first embodiment of the present
invention.
[0073] When the weight of the door 1 is calculated, the CPU 11 functions as a door driving force calculating means
35 and a door weight calculating means 36. The door driving force calculating means 35 has a function of calculating
the torque for driving the door 1 only by subtracting the torque TL of the door motor 3 corresponding to the overall
mechanical loss stored in the RAM 14 from the motor torque instruction T. Further, the door driving force calculating
means 35 has a function of calculating the force F applied to the door 1 by utilizing the speed ratio R(p) stored in the
ROM 10 from the torque for driving the door 1 only. The door weight calculating means 36 has a function of calculating,
based on the force F applied to the door 1 only and the acceleration a of the door 1, the weight of the door 1.
[0074] Next, referring to Figure 9, a specific method of measuring the weight of the door 1 is explained.
Figure 9 is a diagram for explaining the method by which the elevator door control device in accordance with the first
embodiment of the present invention measures the weight of the door 1. In Figure 9, the abscissas represent the
acceleration a of the door 1, and the ordinates represent the force F applied to the door 1 only. In Figure 9, reference
sign 37 denotes sampled data, 38 denotes a data range used on the acceleration peak value side, 39 denotes a data
range used on the deceleration peak value side, 40 denotes a data average point in the data range 38, and 41 denotes
a data average point in the data range 40.
[0075] As shown in Figure 9, a plurality of points corresponding to the sampled data 37 are approximated by a straight
line drawn through the origin. Due to the equation of motion, the inclination of straight line indicates the weight of the
door 1. In this embodiment, the door weight calculating means 36 determines a point (a1, F1), which is the average
point 40 of the point corresponding to the acceleration peak value and several points in the vicinity of that point. Also,
the door weight calculating means 36 determines a point (a2, F2), which is the average point of the point corresponding
to the deceleration peak value and several points in the vicinity of that point.
[0076] Then, the door weight calculating means 36 determines the weight W’ of the door 1 from Formula (15). 

As the method of determining the inclination of straight line, a method that does not use Formula (15) may be used.
[0077] Next, referring to Figure 10, a procedure for measuring the weight of the door 1 is explained.
Figure 10 is a flowchart for explaining the motion at the time when the elevator door control device in accordance with
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the first embodiment of the present invention measures the weight of the door 1.
[0078] First, in Step S21, the serial number i is reset, and the process proceeds to Step S22. In Step S22, the number
of pulses at the time when the acceleration a of the door 1 and the force F applied to the door 1 only are sampled is
caused to coincide with the number of pulses at the time when the torque of the door motor 3 corresponding to the
overall mechanical loss is learnt. That is, in Step S22, if the present number of pulses becomes equal to p[i] stored in
the ROM 10, the acceleration a of the door 1 and the force F applied to the door 1 only are sampled, and the process
proceeds to Step S23.
[0079] In Step S23, the actual speed ω of the door motor 3 is converted into the speed of the door 1 by using the
speed ratio R(p), and the process proceeds to Step S24. In Step S24, the speed of the door I is differentiated with respect
to time, and is converted into the acceleration a of the door 1. Thereafter, in Step S25, the torque for moving the door
1 only is determined by subtracting TL[i] stored in the RAM 14 from the motor torque instruction T[i] at this time. Then,
this torque is converted into the force F[i] applied to the door 1 only by using the speed ratio R(p[i]).
[0080] Specifically, the motor torque instruction T[i] is calculated by Formula (16). 

T[i] and TL[i] correspond to Fm+ΔFm and FL+ΔFL in Formula (5), respectively.
[0081]  Thereafter, in Step S26, the acceleration a of the door 1 and the force F applied to the door 1 are stored in the
RAM 14, and the process proceeds to Step S27. In Step S27, i is incremented, and the process proceeds to Step S28.
In Step S28, it is determined whether or not the door 1 has been fully opened. If the door 1 has not been fully opened,
the process returns to Step S22. On the other hand, if the door 1 has been fully opened, the average a1 of accelerations
on the acceleration peak side and the average F1 of forces are calculated, and the average a2 of accelerations on the
deceleration peak side and the average F2 of forces are calculated. Thereafter, the process proceeds to Step S30,
where the weight of the door 1 is calculated by using Formula (15).
[0082] According to the first embodiment described above, based on the value obtained by subtracting the value of
motor torque instruction at the time when the door 1 is moved at the fixed speed from the value of motor torque instruction
at the time when the door 1 is moved while being accelerated, the value of the force applied to the door 1 when the door
1 is moved while being accelerated is calculated. Then, the weight of the door 1 is calculated by dividing the value of
the force applied to the door 1 when the door 1 is moved while being accelerated by the value of the acceleration of the
door 1 at the time when the door 1 is moved while being accelerated. Therefore, the weight of the elevator door 1 can
be measured more correctly. That is, the measuring error of the weight of the door 1 is small. For this reason, the door
1 can be opened and closed at a proper speed.
[0083] Also, based on the force applied to the door 1 and the acceleration of the door 1, which are calculated at every
position of the door 1, the weight of the door 1 is calculated. Therefore, the measurement variations in weight of the
elevator door 1 can be suppressed.
[0084] Further, when the overall mechanical loss is calculated, the coefficient at the time when the speed ratio of the
door 1 to the door motor 3 is expressed by the polynomial of the number of pulses and the fixed speed value V are used
as speed control constants. This speed ratio is the speed ratio having also been used in the conventional measurement
of the weight of the door 1 when the speed of the door motor 3 has been converted into the acceleration of the door 1
or when the torque of the door motor 3 has been converted into a force. Therefore, the speed control constant added
newly has only to be the fixed speed value V.
[0085] In addition, when the overall mechanical loss is calculated, it is monitored, by any of various methods, whether
or not the door 1 is moving at the fixed speed. Therefore, the overall mechanical loss including the force applied to the
door 1 can be prevented from being learnt. The signals and instructions used when it is determine whether or not the
door 1 is moving at the fixed speed are ones that have also been used for the ordinary elevator. Therefore, by a minimum
change of programs, it can be determined whether or not the door 1 is moving at the fixed speed.
[0086] In the first embodiment, the case where the weight of the door 1 is measured at the door opening time has
been explained. However, even in the case where the weight of the door 1 is measured at the door closing time, if the
configuration is made the same as described above, the weight of the door 1 can be measured more correctly.

Industrial Applicability

[0087] As described above, the elevator door control device in accordance with the present invention can be applied
to an elevator in which the weight of the elevator door is measured more correctly.
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Description of symbols

[0088]

1 door, 2 door rail, 3 door motor, 4 speed reducer, 5 link,
6 closed position detecting switch, 7 open position detecting switch,
8 door controller, 9 pulse generator, 10 ROM, 11 CPU,
12 motor drive circuit, 13 interface circuit, 14 RAM,
15 speed instruction issuing means, 16 torque instruction issuing means,
17 current instruction issuing means,
18 motor actual speed calculating means,
19 door speed calculating means,
20 door acceleration calculating means,
21 acceleration monitoring means, 22 control panel, 23 speed of door,
24 speed ratio, 25 speed of motor, 26 acceleration of door,
27 fixed speed value, 28 motor speed instruction,
29 motor speed abnormality region, 30 door speed abnormality region,
31 door acceleration abnormality region, 32 theoretical mechanical loss,
32 to 33 torque, 35 door driving force calculating means,
36 door weight calculating means, 37 data, 38, 39 data range,
40, 41 data average point.

Claims

1. An elevator door control device comprising:

torque instruction issuing means for issuing torque instructions to a door motor for moving an elevator door;
torque instruction storing means for storing the value of torque instruction at the time when the door is moved
at a fixed speed;
door driving force calculating means for calculating the value of the force applied to the door when the door is
moved while being accelerated, based on a value obtained by subtracting the value of torque instruction at the
time when the door is moved at the fixed speed from the value of torque instruction at the time when the door
is moved while being accelerated; and
door weight calculating means for calculating the weight of the door by dividing the value of the force applied
to the door when the door is moved while being accelerated by the value of the acceleration of the door at the
time when the door is moved while being accelerated.

2. The elevator door control device according to claim 1, wherein
the torque instruction storing means stores the value of torque instruction at the time when the door is moved at a
fixed speed so that the value of torque instruction is caused to correspond to the position of the door;
the door driving force calculating means calculates the value of the force applied to the door at every position of the
door; and
the door weight calculating means calculates the weight of the door based on the force applied to the door at every
position of the door and the acceleration of the door.

3. The elevator door control device according to claim 1 or 2, wherein
the elevator door control device further comprises:

a pulse generator for generating pulses of the number corresponding to the rotation quantity of the door motor;
speed control constant storing means which stores the coefficient at the time when the speed ratio of the door
to the door motor is expressed by a polynomial of the number of pulses and stores the fixed speed value; and
speed instruction issuing means for issuing, based on the polynomial expressed by using the coefficient and
the value of the fixed speed, motor speed instruction at the time when the door is moved at the fixed speed, and
the torque instruction issuing means issues torque instruction at the time when the door is moved at the fixed
speed so as to correspond to the motor speed instruction.

4. The elevator door control device according to any one of claims 1 to 3, wherein
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the elevator door control device further comprises monitoring means for monitoring whether or not the door is moving
at the fixed speed; and
if the door is not moving at the fixed speed, the torque instruction storing means erases the stored torque instruction
value.

5. The elevator door control device according to claim 4, wherein
if the door opening/closing instruction signal sent from a control panel of the elevator is changed at a position other
than the full-open position and the full-closed position, the monitoring means determines that the door is not moving
at the fixed speed.

6. The elevator door control device according to claim 4, wherein
if the difference between the speed instruction of the door motor and the actual speed of the door motor takes a
predetermined or larger value, the monitoring means determines that the door is not moving at the fixed speed.

7. The elevator door control device according to claim 4, wherein
if the acceleration of the door deviates from zero by a predetermined or larger value, the monitoring means determines
that the door is not moving at the fixed speed.

8. The elevator door control device according to claim 4, wherein
if the speed of the door deviates from the fixed value by a predetermined or larger value, the monitoring means
determines that the door is not moving at the fixed speed.
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