- 1 - SAFETY ELEVATOR BACKGROUND OF THE I NVENTION 1. Field of the

I nventi on The present invention relates to an el evator having an

el evator car operating to nove up and dqwn in a hoistway.
Particularly, it is preferably applied to an el evator having 5
position sensors for detecting tkeppgsi i poapbran el evator car
(arrival detection) and a door zone. 2. Description of the Rel ated
Art In an el evator according to the background art, for
exanpl e, a photoelectric position detector is disposed on an el evat or
car and detects a detection target plate which is disposed for each
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patterns. SUMVAR}{ has be HEknlown aNE described in JP-A-2004-224529 that an arrival detection

15 plate (detection target plate) is attached to a landing door sill to prevent the photoelectric arrival
detection switch (position detector) from operating by mistake, and that a mistaken operation
preventing cover is provided to prevent light except light of the arrival detection switch from
being incident on the arrival detection plate.

It has been known and described, for example, in JP-A-2004-142882 (Fig. 2) that

20 operation plates having different arrangement patterns for each operating position are attached in
the up/down direction of the car to detect breaking of conducting wire connecting each detection
sensor portion and a detection circuit portion to each other, and that four detection sensor
portions are provided in the car to detect the operation plates to thereby it is determined as a
failure when a code based on a signal undetectable in normal operation does not coincide with

25 any one of the arrangement patterns.

SUMMARY OF THE INVENTION

In the background art described in JP-A-2004-224529, mistaken operation due to
external light is merely prevented. Accordingly, not only is it impossible to detect failure of the
position detection sensor per se, but also it is difficult to give multifunctional property to the

30 sensor for detecting the door zone and realigning the floor to adjust a fine level difference.
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accordance with the specific position as predicted transition data; wherein when the output
pattern does not coincide with any one of the predicted transition data at the time of arrival of the
elevator car at the specific position, it is determined as a failure and an operation is controlled.
According to the invention, when the output pattern of the position detection

30 sensor does not coincide with any one of specific output patterns expected in accordance with a
specific position at'the time of arrival of the elevator car at the specific position, it is determined
as a failure. Accordingly, the number of functions capable of identifying respective floors and
the number of specific positions to be detected can be increased to give multifunctional property

to the elevator system and perform failure detection to thereby improve safety and reliability.



30 sensor does not coincide with any one of specific output patterns
expected in accordance with a specific position at the tinme of

arrival of the elevator car at the specific position, it is

determ ned as a failure. Accordingly, the nunmber of functions capable
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| andi ng door sill portion in an 5 enbodinment of the inventioh; Fig. 3
is & bleombkdidicayobilre shvenliong a | ogic-arithmetic unit in an enbodi nent

of the inventiong,. . . Fig 4 is.a.list show the rel.ation
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out put ipahtig;ns when each floor is provided as a specific position in
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transi £i°0n 0 ection sensor in an e
i nvient epbodikdeht ¢f the inven@oni ew showi ng the rel ati on between specific
out put patterns and predicted transition data in_an enbodi nent of the
i nventi on: Fig. 5'1s a block diagram showing details of the logic-arithmetic unit in an
embodiment of the invention;
Fig. 6 is a state transition diagram showing output transition of a position
detection sensor in an embodiment of the invention;
15 Fig. 7 is a view showing the relation between specific output patterns and
predicted transition data in an embodiment of the invention;
Fig. 8 is a flow chart showing failure detection in an embodiment of the
invention;
Fig. 9 is a list showing the relation among position detection sensors, operation
20 plates and specific output patterns when each floor is provided as a specific position in another
embodiment of the invention;
Fig. 10 is a block diagram showing details of a logic-arithmetic unit in another
embodiment of the invention; and

Fig. 11 is a flow chart showing failure detection in another embodiment of the

25 1nvention.

DETAILED DESCRIPTION OF THE INVENTION
An embodiment of the invention will be described below in detail with reference
to the drawings.
Fig. 1 is an overall configuration view showing an elevator system. The
30 reference numeral 102 designates a landing door sill, and the reference numeral 115 designates a
floor surface. An elevator car 100 is connected to a weight 111 through a rope 101 so as to
move between a plurality of floors in a hoistway formed in a building. An elevator car door

110 is provided in the elevator car 100 so as to be opened and closed in conjunction with a



Fig. 8 is a flow chart showing failure detection in an enbodi nent of
the invention; Fig. 9 is a list showing the relation anong position
detection sensors, operation 20 plates_qnd specific output patterns
when each roor is provided as a specific position in another
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car 100. power conver I'Tés
el extt r connwoted o fHeSystem controller 108 through a logic-arithmetic unit 5. A detection target

plate 10 is disposed in the landing door sill 102 on the landing side opposite to the position
detection sensor 4, so that the position detection sensor 4 detects the detection target plate 10 to
thereby detect the position of the elevator car 100 in the hoistway. Alignment of the floor
surface of the elevator car 100 with the floor surface 115 of each landing (arrival position),

15 detection of the door zone (door opening/closing allowable region of the elevator car door 110
relative to the landing door 109) and operation control are performed based on the detected
result.

Although a non-contact detection sensor such as a photoelectric sensor, a
magnetic sensor (€.g. using a magnet, using a high-frequency magnetic field, etc.), a capacitive

20 sensor, etc. may be used as each position detection sensor, a reflective photoelectric detection
sensor which projects infrared light or the like onto the detection target plate 10 and detects
reflected light from the detection target plate 10 is preferred because there is no possibility that a
rope or the like will catch on the sensor itself or the detection target plate 10 at the time of
occurrence of earthquakes or the like, and because the reflective photoelectric detection sensor

25 has such a high directivity that the detection target plate can be detected accurately. There is
however a possibility that mistaken detection will be caused by ambient light chiefly including
the sunlight, dust, dewdrops, etc. because reflective photoelectric detection sensor uses the
infrared light or the like.

Particularly when the position detection sensor 4 which detects the door zone

30 performs mistaken detection or fails, there is a possibility that the elevator car door 110 will be
opened by mistake because of false recognition that the elevator car door 110 is enabled to be
opened/closed though the elevator car door 110 is located to be disabled from opening/closing or
the elevator car door 110 will be closed to lock passengers into the elevator car by mistake

because of false recognition that the elevator car door 110 is disabled from opening/closing



A pul se generator 106 such as an encoder is attached to the electric
nmotor 105. A systemcontroller 108 cal cul ates the velocity of the
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. t Fo? g)Eample, high-speed processing may be performed by a simpler
configuration advantageously when the aforementioned process is executed in the condition that
30 the two micro-computers are replaced by one micro-computer and one logic IC, FPGA (Field
Programmable Gate Array) or LSI (logic gate array semi-custom LSI) or replaced by a single
micro-computer.
Fig. 4 shows configurations of detection target plate 10 (operating plates 10a, 10b,

10c and 10d) provided in respective floors for identifying first to sixth floors respectively. As
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be determ ned by a function executed based on a correspondi ng
speci f partionput pattern. For exanple, when the function of a final
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function execution portion 26.
Because the output pattern detected by the position detection sensor 4 is stored in
the car position data portion 22 whenever the output pattern changes, an abnormal transition

determination portion 25 determines that it is an abnormal transition when change or transition



not only in accordance with the door zone and the final limt switch
but also in accordance with swtches such as a maintenance limt
switch for keeping a top space to make & mai ntenance worker perform
work safely, a direction limt switch for detecting arrival of the
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executing a function determ ned by the car posifion data portign 22
to a fdREEHUrSeBSBAATIROGENRS Byihe gbnormal transition detgg@inating peftiopdd will be

patter geQkintdse Hﬁ%%ﬁﬁ' detection sensor 4 is absent in the position
dat abase 28 an(J oes not coincide with any specific output pattern,

the position det Eigribriaasate tBAsition diagran? thaveng omipnesartsitan dfie: Esitoor

has a failure, and .transmts.a signal ..ndicating f.aiJure to the
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portion 22 whenever the output pattern changes, an abnor mal
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the third floor and the fourth floor must be originally detected as next patterns successively after
detection of the second floor.
Fig. 7 shows specific output patterns expected after detection of the second floor.

In this case, specific output patterns of the first floor, the second floor and the third floor are

25 expected to be detected as predicted transition data. Accordingly, when any other specific
output pattern than these specific output patterns is detected, the abnormal transition
determination portion 25 determines that there is a failure. The transition database 24 has such
predicted transition data as shown in Fig. 7 in accordance with each floor. Fig. 8 is a flow chart
of specific processing. In Fig. 8, the abnonmnal transition determination portion 25 reads the

30 detected current and previous specific output patterns from the car position data portion 22,
compares the data with predicted transition data, determines whether the sensor is normal or has
a failure, and detects the failure of the sensor or the failure of the position determination portion
21.

According to the aforementioned configuration, a position detection sensor 4



5 specific output pattern. When the specific position is a floor
position, the function execution portion 26 transmts a door zone
signal to a transm ssion portion 27 to _gxecute the function of a door
zone which is a door opening/closing all'owabl e regi on. The
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the position detection sensor 4 has ON failure or OFF failure, the number of sensors having
outputs "1" based on a specific output pattern becomes one or three. 'When one sensor of the
position detection sensor 4 has ON failure between floors, the number of sensors having outputs

30 "1" (ON)becomes one. Accordingly, when an output pattern in which an even number of

sensors of the position detection sensor 4 have outputs "1" (ON) is regarded as normal while an
output pattern in which an odd number of sensors have outputs "1" (ON) is regarded as failure,

failure of any one of the sensors in the position detection sensor 4 can be detected. Because this

failure detecting method can be applied to failure detection between floors, failure of the position
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di stance of 2 or nore is taken between the two output patterns is

used as a configuration for detecting failure of one sensor in the
position detection sensor 4, configurat Wn may be made so 15 that a
hunm ng di stance of 3 or nore is taken if sinultaneous failure of
sensor %ﬂ@l\&?e position detection sensor needs to be detected.
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set to have an even nunber 03‘ outputs In t ural ity of outputs.
6. A safety elevator according to Claim 1, wherein the specific position shows a

maintenance limit switch for keeping a top space.

7. A safety elevator according to Claim 1, wherein the specific position shows a
direction limit switch which detects arrival of the elevator car at the terminal floor.

8. A safety elevator according to Claim 1, wherein the specific position shows a
terminal floor forced deceleration switch.

9. A safety elevator according to Claim 1, wherein the position detection sensor has
a plurality of sensors provided in the elevator car to detect a detection target plate having
operation plates provided on a landing side opposite to the plurality of sensors to thereby output
the output pattern.

10. A safety elevator according to Claim 1, wherein the specific position shows a



3. A safety elevator according to Claiml1, wherein the specific

out put pattern is set to have an odd nunber of ON outputs in the
plurality of outputs. 4. A safety elevator according to Claiml,
wherein the specific position shows a ffoor at which the el evator car

arrives, .. JA.safe | evat or agcording to Claiml, wherein. t
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detection sensor has a plurality of sensors provided in the el evator
car todeetmsived.a detection target plate having operation plates
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accordiamgyl.o Cl aim 1, wherein when the output pattern does not
coincide with any one of the specific output patterns stored in the
position database at the tine of arrival of the elevator car at the
specific position, failure of the position detection sensor is
determned. 13. A safety elevator according to Claim1, wherein the
out puts of the position detection sensor are inputted to two

m cro-conmputers. 14. A safety elevator according to Caim1l1, wherein
the outputs of the position detection sensor are inputted to a

m cro-conputer and an FPGA (Field Programmable Gate Array).



