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(54) ELEVATOR SYSTEM

(67)  Provided is an elevator system capable of de-
termining availability of opening/closing of a car door after
determining whether a car is located in a door zone even
if a position detection device provided on the car breaks
down. An elevator system (100) includes a plate to be
detected (11) provided in a hoistway (4), a car position
detection device (10) provided on the car (1) and which
detects the plate to be detected (11), a car moving
amount measurement device (7 or 15) that measures a
moving amount of the car, and a control device (20) that
controls the aforementioned plate and devices, the con-
trol device includes a door zone detection unit (12) that
detects a door zone that is an openable/closable region
of a door of the car by the car position detection device
and a car position calculation unit (16) that calculates a
position of the car by the car moving amount measure-
ment device, and determines whether the car is in the
door zone on the basis of the position of the car calculated
in the car position calculation unit when the car position
detection device is determined to have broken down.
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Description

Technical Field

[0001] The presentinventionrelatesto anelevator sys-
tem.

Background Art

[0002] In a conventional elevator, a photoelectric po-

sition detection device (position detection sensor) is in-
stalled on a car, for example, and the position detection
device detects a plate to be detected installed in a hoist-
way corresponding to each floor, thereby to detect an
opening/closing permitted (openable/closable) region
(door zone) of a door of the car with respect to a door of
a landing.

[0003] PTL 1is an example of an elevator that detects
a door zone using a position detection device. PTL 1
discloses an elevator with a safety position sensor for
detecting a door zone indicating a region where a pas-
senger can geton and off when a position of a carreaches
a lift position where doors of the car and a landing are
openable/closable, the elevator including first and sec-
ond position detection sensors provided on the side of
the car, separated by a predetermined distance in a lifting
direction, and installed to face the side of the landing, a
plate to be detected provided on the side of the landing
and disposed such that the door zone is detected by the
position detection sensors, and a logic computer to which
signals of the first and second position detection sensors
are input and which outputs a result of logic operation of
the input signals, wherein a logic OR output signal by the
logic computer is a signal that has detected the door
zone.

Citation List
Patent Literature

[0004] PTL 1: WO 2011/111096

Summary of Invention
Technical Problem

[0005] In the conventional configuration for detecting
the door zone by the position detection device provided
on the car, when the position detection device performs
erroneous detection or breaks down, unsecured safety
is determined even if the car is located in the door zone
and the doors cannot be opened/closed, and a situation
where a passenger is trapped in the car may be caused.
[0006] PTL 1 increases the number of the position de-
tection sensors to two and installs these two sensors sep-
arated by a predetermined distance, and uses the logic
OR output signals of the signals as door zone detection
signals. However, even when two position detection sen-
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sors are provided, these sensors are the same photoe-
lectric-type sensors, and thus erroneous detection due
to external light or the like may occur at the same time.
[0007] In view of the foregoing, the present invention
provides an elevator system capable of determining
availability of opening/closing of a car door after deter-
mining whether a car is located in a door zone even if a
position detection device provided on the car breaks
down.

Solution to Problem

[0008] To solve the above problem, the present inven-
tion provides an elevator system including a car that
moves up and down in a hoistway, a counterweight that
moves up and down with the car, a rope having one end
connected to the car and the other end connected to the
counterweight, and a motor that drives the rope, the el-
evator system including a plate to be detected provided
in the hoistway, a car position detection device provided
on the car and which detects the plate to be detected, a
car moving amount measurement device that measures
a moving amount of the car, and a control device that
controls the car position detection device and the car
moving amount measurement device, wherein the con-
trol device includes a door zone detection unit that de-
tects a door zone that is an openable/closable region of
a door of the car with the car position detection device,
a car position calculation unit that calculates a position
of the car with the car moving amount measurement de-
vice, and a door zone determination unit that determines
whether the car is located in the door zone on the basis
of the position of the car calculated in the car position
calculation unit when the car position detection device is
determined to have broken down.

Advantageous Effects of Invention

[0009] According to the present invention, provided is
an elevator system capable of determining availability of
opening/closing of a car door after determining whether
acar is located in a door zone even if a position detection
device provided on the car breaks down.

[0010] Problems, configurations, and effects other
than those described above will be clarified by the de-
scription of the embodiment below.

Brief Description of Drawings
[0011]

[FIG. 1] FIG. 1 is a diagram schematically illustrating
an example of an elevator system according to the
present invention.

[FIG. 2] FIG. 2 is a flowchart illustrating an example
of an operation of the elevator system according to
the present invention.
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Description of Embodiments
Embodiment

[0012] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to the
drawings.

[0013] FIG. 1is adiagram schematically illustrating an
example of an elevator system according to the present
invention. As illustrated in FIG. 1, in an elevator system
100 according to the present invention, a car 1 is con-
nected to a counterweight 3 via a rope 2, and moves up
and down in a hoistway 4. The movement (up and down)
of the car 1 is performed by driving of a sheave 6 by a
motor 5. A pulse generator (motor encoder) 7 such as
an encoder is attached to the motor 5, and a speed of
the motor 5, a position and a moving distance of the car
1, and the like are calculated from pulses generated by
rotation of the motor 5. The car 1 is provided with a car
door 9 that opens and closes facing a door 8 (8a or 8b)
on the side of landing 21 (21a or 21b).

[0014] A governor governor rope 14 is connected to
the car 1 and is driven with the car 1. The governor gov-
ernor rope 14 is wound around a governor 13, and the
governor 13 is rotated with the driving of the governor
rope 14. A pulse generator (governor encoder) 15 is at-
tached to the governor 13, similarly to the motor 5.
[0015] A car position detection device (position detec-
tion sensor) 10 is provided on the car 1, and detects an
openable/closable region (door zone) of the car door 9
in the hoistway 4 by detecting a plate to be detected 11
(11a or 11b) installed on a wall of the hoistway 4.
[0016] Here, the "door zone" will be described. The
plate to be detected 11 has a predetermined length (a
length L in FIG. 1) in a lifting direction of the car 1, and
this length L corresponds to a region (door zone) where
the car door 9 can be opened. That is, when the car po-
sition detection device 10 of the car 1 is located at a
position where the plate to be detected 11 is detectable
(the range of the length L), a difference between a posi-
tion of a floor of the car 1 and a position of a floor of the
landing 21 is determined to secure sufficient safety for
allowing a passenger to get on and off the car 1, and the
landing door 8 and the car door 9 are opened and closed.
[0017] For example, in FIG. 1, assuming that the po-
sition of the floor of the landing 21a is o when the car 1
is located at the landing 21a, the car door 9 is opened
and closed when the floor of the car 1 is located within a
range of L/2 above or below a. The plate to be detected
11 is provided in the hoistway 4 to correspond to the door
zone on each story.

[0018] In the presentinvention, the car position detec-
tion device 10 provided on the car 1 is not particularly
limited. For example, a photoelectric-type, a magnetic-
type, or a capacitance-type contactless detection sensor
can be used. A detection signal output by the car position
detection device 10 is input to a door zone detection unit
12 in a control device 20 and the door zone is detected,
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a door zone detection signal output from the door zone
detection unit 12 is received by a door opening/closing
instruction unit 19, and the door opening/closing instruc-
tion unit 19 transmits an opening/closing instruction of
the door to the car door 9 and the landing door 8.
[0019] Here, in the case where the car position detec-
tion device 10 for detecting the door zone erroneously
detects the door zone for any reason or breaks down, in
a conventional elevator, the car is determined to be lo-
cated outside the door zone, and the car door is deter-
mined not to be openable/closable despite the position
of the car located within the door zone, depending on a
failure mode. As a result, there is a possibility that the
passengeris trapped in the car 1 evenin an unnecessary
case. In view of the above, the present invention deter-
mines whether the car 1 is located in the door zone even
when the car position detection device 10 breaks down,
and the door opening/closing instruction unit can output
an opening/closing permission instruction of the car door.
To realize the configuration, in the present invention, a
device (hereinafter, referred to as "car moving amount
measurement device") capable of detecting the position
(absolute position) of the car 1 by measuring a moving
amount of the car 1 is used, and when the car position
detection device 10 breaks down, whether the car 1 is
located within the door zone is determined using the car
moving amount measurement device.

[0020] Any device may be used as the car moving
amount measurement device as long as the device can
detect the position of the car 1. For example, the above-
described motor encoder 7 or governor encoder 15 is
suitable. Since these pulse generators generate pulses
according to a rotation amount of the motor 5 or the gov-
ernor 13, the position of the car 1 can be calculated from
the count of the pulses. The governor encoder 15 is more
favorable because a slip amount is smaller than that of
the motorencoder 7. The governor encoder 15 is typically
used to detect the speed of the car 1, but in the present
invention, the governor encoder 15 is used to detect the
door zone. The rotation amount (the number of pulses)
detected and output by the governor encoder 15 is input
to a car position calculation unit 16 of the control device
20, and the position of the car 1 is calculated.

[0021] Next, a procedure for detecting the door zone
using the car position detection device 10 and the gov-
ernor encoder 15 will be described. FIG. 2 is a flowchart
illustrating an example of an operation of the elevator
system according to the present invention. In the case
of using the governor encoder 15 as the car moving
amount measurement device, there is a possibility of oc-
currence of a gap between the actual position of the car
1 and the position of the car 1 calculated by the car po-
sition calculation unit 16 due to wear of the governor 13,
slipping of the governor rope 14, and the like. Therefore,
the position of the plate to be detected 11 is recorded in
advance, and it is favorable to adjust the position of the
car 1 calculated by the car position calculation unit to the
position of the plate to be detected 11 recorded in ad-
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vance when there is a difference between the position of
the plate to be detected 11 recorded in advance and the
position of the car 1 calculated by the car position calcu-
lation unit 16, every time the car position detection device
10 detects the plate to be detected 11.

[0022] For example, after the start of an operation of
the elevator, positions of all the plates to be detected 11
provided in the hoistway 4 are recorded in advance from
values of the pulses of the motor encoder 7 at the time
when the car 1 passes through the plates to be detected
11. A car position correction unit 17 corrects the position
of the car calculated by the car position calculation unit
16 every time the car position detection device 10 passes
through the plate to be detected 11. At this time, it is
favorable to make a correction only when a difference
between the position of the plate to be detected 11 and
the position of the car 1 falls within a predetermined
threshold value (hereinafter, a "first threshold value: X
(mm)". The car position correction unit 17 includes a cor-
rection abnormality counter unit 17a. When the difference
exceeds X, the car position correction unit 17 does not
correct the position of the car 1 calculated by the car
position calculation unit 16, and counts up threshold val-
ue excess record in the correction value abnormality
counter unit 17a (S1 and S2). S1 and S2 are performed
every time the car position detection device 10 detects
the plate to be detected 11 during traveling of the eleva-
tor.

[0023] Ata normal operation of the elevator, the car is
stopped at a story registered by car call provided at the
landing and a story registered by car call provided in the
car. Meanwhile, at an abnormal operation, after an emer-
gency situation is detected, the car 1 is forcibly moved
to a closest story and is stopped. In any case, after stop
of the car at a certain story is detected ("Yes" in S3),
breakdown of the car position detection device is deter-
mined (S4). Determination as to whether the car position
detection device 10 has broken down can be made in
such a manner that travel record of the car 1 (the detec-
tion signal of the plate to be detected 11 by the car po-
sition detection device 10) and the position of the plate
to be detected 11 recorded in advance are compared in
the control device 20 after stop of the car, and the deter-
mination is performed according to whether the car po-
sition detection device 10 generates a signal at a position
where no plate to be detected 11 is detected.

[0024] When it is determined that the car position de-
tection device 10 has not broken down in S4 ("No" in S4),
the door zone detection unit 12 detects the door zone,
and the door opening/closing instruction unit 19 deter-
mines that the car door 9 and the landing door 8 are
openable/closable and permits opening/closing of the
doors (S7).

[0025] On the other hand, when it is determined that
the car position detection device 10 has broken down in
S4 ("Yes" in S4), the control device 20 determines pres-
ence or absence of the count of the correction value ab-
normality counter unit 17a (S5). When the correction val-
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ue abnormality counter unit 17a counts correction value
abnormality ("No" in S5), the position of the car 1 calcu-
lated in the car position calculation unit 16 is considered
to be greatly erroneous, and a door zone determination
unit 18 determines that the car 1 is located outside the
door zone and the door opening/closing instruction unit
9 determines that the doors are not openable/closable
(not permitted) (S8).

[0026] When the correction value abnormality counter
unit 17a does not count correction value abnormality in
S5 ("Yes"in S5), the control device 20 determines wheth-
er the current position (at the time of landing) of the car
1 calculated by the car position calculation unit 16 falls
within a predetermined threshold value (hereinafter, a
"second threshold value: Y (mm)") from a position of a
floor of a story where the car 1 is stopped, the position
being recorded in advance (S6). When the current posi-
tion exceeds the threshold value Y, the position of the
car 1 calculated by the car position calculation unit 16 is
considered to be greatly erroneous, and the door zone
determination unit 18 determines that the car 1 is located
outside the door zone and the door opening/closing in-
struction unit 9 determines that the doors are not open-
able/closable (S8). On the other hand, when the current
position of the car 1 falls within the second threshold val-
ue Y from the position of the floor of the story where the
car 1 is stopped, the door zone determination unit 18
determines that the car 1 is located within the door zone,
and the door opening/closing instruction unit 9 deter-
mines that the doors are openable/closable and permits
opening/closing (S7).

[0027] It is necessary to set the above-described
threshold value Y to fall within a range in which a pas-
senger 1 can safely get on and off. For example, the
threshold value Y is favorably set equal to or less than a
value obtained by subtracting X (mm) from a value of a
"prescribed door zone range X 0.5" (mm). More specif-
ically, Y = = 100 mm is favorable, when the door zone
range (distance (L)) is 250 mm and X = 20 mm. With the
setting, even when the position of the car 1 calculated in
the car position calculation unit 16 causes an error of X
mm during a period from last correction to when the car
1 is stopped at a stop floor, the car 1 is determined to fall
within the range of the door zone, and thus the open-
ing/closing of the doors can be permitted.

[0028] According to the present invention, as de-
scribed above, even when the car position detection de-
vice 10 is determined to break down, whether the car 1
is located in the door zone is determined in S5 and S6
by the control device 20, and permission of the open-
ing/closing of the doors can be instructed. Therefore, as
compared with the conventional case where the position
is uniformly determined to be outside the door zone when
the position detection sensor is determined to break
down, the opportunity that the passenger is trapped in
the car 1 can be decreased.

[0029] As described above, according to the present
invention, providing of an elevator system capable of de-
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termining whether a car is located in a door zone even if
a position detection device provided on the car breaks
down can be exhibited.

[0030] Note that the present invention is not limited to
the above-described embodiments, and includes various
modifications. For example, description of the embodi-
ments has been given in detail for easy understanding
of the present invention, and the present invention is not
necessarily limited to those having all the described con-
figurations. Further, a part of the configuration of a certain
embodiment can be replaced with the configuration of
another embodiment. Further, the configuration of anoth-
er embodiment can be added to the configuration of a
certain embodiment. Further, another configuration can
be added to/deleted from/replaced with a part of the con-
figurations of the embodiments.

Reference Signs List

[0031]

1 car

2 rope

3 counterweight

4 hoistway

5 motor

6 sheave

7 pulse generation device (motor encod-
er)

8, 8a, 8b landing door

9 car door

10 car position detection device

11, 11a, 11b  plate to be detected

12 door zone detection unit

13 governor

14 governor rope

15 pulse generation device (governor en-
coder)

16 car position calculation unit

17 car position correction unit

17a correction value abnormality counter
unit

18 door zone determination unit

19 door opening/closing instruction unit

20 control device

21a, 21b landing

100 elevator system

Claims

1. An elevator system including a car that moves up
and down in a hoistway, a counterweight that moves
up and down with the car, a rope having one end
connected to the car and the other end connected
to the counterweight, and a motor that drives the
rope, the elevator system comprising:
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a plate to be detected provided in the hoistway,
a car position detection device provided on the
car and which detects the plate to be detected,
a car moving amount measurement device that
measures a moving amount of the car, and a
control device that controls the car position de-
tection device and the car movingamount meas-
urement device, wherein

the control device includes a door zone detec-
tion unit that detects a door zone thatis an open-
able/closable region of a door of the car with the
car position detection device, a car position cal-
culation unit that calculates a position of the car
with the car moving amount measurement de-
vice, and

a door zone determination unit that determines
whether the car is located in the door zone on
the basis of the position of the car calculated in
the car position calculation unit when the car po-
sition detection device is determined to have
broken down.

The elevator system according to claim 1, wherein
the car moving amount measurement device is a
pulse generation device that outputs a pulse accord-
ing to the moving amount of the car.

The elevator system according to claim 2, wherein
the pulse generation device is connected to the mo-
tor, and generates a pulse according to rotation of
the motor.

The elevator system according to claim 2, further
comprising: a governor rope connected to the car
and driven with the car, and a governor around which
the governor rope is wound and rotated with the gov-
ernor rope, wherein the pulse generation device is
connected to the governor and generates a pulse
according to rotation of the governor.

The elevator system according to claim 1, wherein
the control device further includes a car position cor-
rection unit, wherein

the car position correction unit calculates a differ-
ence between a position of the plate to be detected
recorded in advance and the position of the car cal-
culated in the car position calculation unit when the
plate to be detected has been detected by the car
position detection device during traveling of the car,
and performs correction to adjust the position of the
car calculated in the car position calculation unit to
the position of the plate to be detected recorded in
advance.

The elevator system according to claim 5, wherein
the correction by the car position correction unit is
performed when the difference between the position
of the plate to be detected recorded in advance and
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the position of the car calculated in the car position
calculation unit falls within a first predetermined
threshold value.

The elevator system according to claim 6, wherein 5
the car position correction unit leaves a threshold
value excess record when the difference between

the position of the plate to be detected recorded in
advance and the position of the car calculated in the

car position detection unit exceeds the first prede- 170
termined threshold value,

the control device determines that the car is not

in the door zone in the door zone determination

unit when there is the threshold value excess 75
record,

calculates a difference between a position of a
floor of a story where the car is stopped, the
position being recorded in advance, and the po-
sition of the car calculated by the car position 20
calculation unit when there is not the threshold
value excess record, and determines that the

car is in the door zone in the door zone deter-
mination unit when the difference falls within a
second predetermined threshold value, and 25
determines that the car is not in the door zone

in the door zone determination unit when there

is not the threshold value excess record, and

the difference between the position of a floor of

a story where the car is stopped, the position 30
being recorded in advance, and the position of

the car calculated by the car position calculation

unit exceeds the second threshold value.
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