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(54) ELEVATOR DEVICE

(57) The present invention is intended to obtain an
elevator apparatus in which a first car and a second car
connected with opposite ends of a main rope are able
to land at the same time. The construction is such that
the first and second cars are connected with the oppo-
site ends of the main rope wrapped around a sheave
and a deflector wheel, respectively, and a landing cor-
rection device for vertically moving a cab of the second
car with respect to a car frame is arranged between the
cab and the car frame. After the first car has landed on
a set landing floor, the cab is moved up and down with
respect to the car frame by the landing correction de-
vice, whereby a landing deviation of the second car can
be corrected.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an elevator
apparatus having two cars suspended with 1:1 roping,
and more particularly, to an elevator apparatus provided
with a landing correction device for normally landing the
two cars at the same time.

BACKGROUND ART

[0002] A known elevator apparatus of a 1:1 roping
system is constructed such that cars are connected with
opposite ends of a main rope, respectively, which is
wrapped around a drive sheave and a deflector wheel
installed on an upper portion of a hoistway, as shown in
Japanese patent application laid-open No.
2001-240343 for example. When one of the cars lands
on the top floor while the main rope is caused to travel
by driving the drive sheave, the other car lands on the
bottom floor.
[0003] Here, in cases where there is developed an ex-
pansion of the main rope resulting from a time-varying
change or an expansion or contraction of the main rope
resulting from temperature or load changes, the landing
position of the other car will shift or deviate by the ex-
pansion or contraction of the main rope upon landing of
the one car, so it becomes impossible for both of the
cars to land normally at the same time. Accordingly, it is
necessary to land the other car and open its door after
the one car has landed on a floor and its door has been
opened and closed, thus giving rise to a problem that
the service is reduced to a substantial extent.
[0004] Similarly, in cases where floor-to-floor distanc-
es are different from one another, particularly in the case
of three or more stops (i.e., the number of landing places
for the elevator apparatus is three or more), there arises
a problem that both of the cars cannot land normally at
the same time.
[0005] In order to solve such problems, an elevator
called "Duo-Lifts" of a known 2:1 roping system, in which
hydraulic jacks are arranged to be connected respec-
tively with opposite fixed ends of a main rope in a ma-
chine room so as to be able to adjust the length of the
main rope by the hydraulic jacks, has been proposed,
for example, in ELEVETOR WORLD (26 February 92).
[0006] However, the Duo-Lifts, adopting the 2:1 rop-
ing system, has a complicated structure, and uses the
two hydraulic jacks, thus making it impossible to provide
cost reduction.

DISCLOSURE OF THE INVENTION

[0007] The present invention is intended to obtain an
elevator apparatus of a 1:1 roping system which is ca-
pable of correcting the landing positions of cars accord-
ing to an amount of expansion or contraction of a main

rope or according to a difference in floor-to-floor distanc-
es by the use of a landing correction device, so as to
enable both of the cars to land at the same time.
[0008] An elevator apparatus according to the present
invention is constructed such that a sheave of a drive
unit and a deflector wheel are arranged at an upper por-
tion of a hoistway, and a first car and a second car are
connected with opposite ends of a main rope suspended
from the sheave and the deflector wheel, respectively,
so that when one of the cars lands on a top floor, the
other car lands on a bottom floor. The apparatus is pro-
vided with a landing correction device arranged be-
tween a cab and a car frame, which together constitute
the second car, for moving up and down the cab with
respect to the car frame thereby to correct a landing po-
sition of the second car.
[0009] In addition, an elevator apparatus according to
the present invention is constructed such that a sheave
of a drive unit and a deflector wheel are arranged at an
upper portion of a hoistway, and a first car and a second
car are connected with opposite ends of a main rope
suspended from the sheave and the deflector wheel, re-
spectively, so that when one of the cars lands on a top
floor, the other car lands on a bottom floor. The appara-
tus is provided with a landing correction device arranged
at a main rope connection portion of the second car for
adjusting the length of the main rope thereby to correct
a landing position of the second car.
[0010] Furthermore, an elevator apparatus according
to the present invention is constructed such that a
sheave of a drive unit and a deflector wheel are ar-
ranged at an upper portion of a hoistway, and a first car
is connected with a sheave-side end of a main rope sus-
pended from the sheave and the deflector wheel, where-
as a second car is connected with a deflector wheel-side
end of the main rope suspended from the sheave and
the deflector wheel, so that when one of the cars lands
on a top floor, the other car lands on a bottom floor. The
apparatus is provided with a fixed deflector wheel and
a movable deflector wheel arranged on a path of the
main rope between the sheave and the deflector wheel,
and a landing correction device for moving the movable
deflector wheel toward and away from the fixed deflector
wheel so as to adjust the length of the main rope be-
tween the deflector wheel and the second car thereby
to correct a landing position of the second car.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a vertical cross sectional view schematical-
ly showing the construction of an elevator appara-
tus according to a first embodiment of the present
invention.
Fig. 2 is a system diagram of the elevator apparatus
according to the first embodiment of the present in-
vention.
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Fig. 3 is a flow chart explaining the operation of the
elevator apparatus according to the first embodi-
ment of the present invention.
Fig. 4 is a vertical cross sectional view schematical-
ly showing the construction of an elevator appara-
tus according to a second embodiment of the
present invention.
Fig. 5 is a vertical cross sectional view schematical-
ly showing the construction of an elevator appara-
tus according to a third embodiment of the present
invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0012] Hereinafter, preferred embodiments of the
present invention will be described in detail while refer-
ring to the accompanying drawings.

Embodiment 1

[0013] Fig. 1 is a vertical cross sectional view that
schematically shows the construction of an elevator ap-
paratus according to a first embodiment of the present
invention. Fig. 2 is a system diagram of the elevator ap-
paratus according to the first embodiment of the present
invention. Fig. 3 is a flow chart that explains the opera-
tion of the elevator apparatus according to the first em-
bodiment of the present invention.
[0014] In Fig. 1, a drive unit 3 and a deflector wheel 4
are installed in a machine room 2 which is constructed
at an upper portion of a hoistway 1, with a main rope 5
being extended or wrapped around a sheave 3a of the
drive unit 3 and the deflector wheel 4. In addition, a first
car 6 is connected with a sheave-side end of the main
rope 5, and a second car 7 is connected with a deflector
wheel-side end of the main rope 5. Further, it is con-
structed such that when one of the first car 6 and the
second car 7 lands on the top floor, the other car can
land the bottom floor.
[0015] The second car 7 has its chamber or cab 7a
mounted on a car frame 7b for vertical movement rela-
tive thereto. A pantograph structure 8 is arranged be-
tween the floor of the cab 7a or the car frame 7b. Further,
a drive motor 9 for driving the pantograph structure 8 in
the vertical movement is mounted on the car frame 7b.
Thus, by driving the pantograph structure 8 to move in
the vertical movement by means of the drive motor 9,
the cab 7a is caused to move with respect to the car
frame 7b. Here, note that the pantograph structure 8 and
the drive motor 9 together constitute a landing correction
device.
[0016] A call button 10 is installed in an elevator hall
or landing place of each floor, and a first position detec-
tion switch 11 and a second position detection switch 12
are arranged on an inner wall surface of each floor in
the hoistway 1. Also, a first position switch operation
cam 13 and a second position switch operation cam 14
are arranged on the first car 6 and the second car 7,

respectively. Upon landing of the first car 6 and the sec-
ond car 7, the first position switch operation cam 13 and
the second position switch operation cam 14 operate or
actuate a first position detection switch 11 and a second
position detection switch 12, respectively. Here, note
that the second position switch operation cam 14 is
moved up and down in association with the vertical
movement of the cab 7a with respect to the car frame 7b.
[0017] The main control unit 15 is arranged in the ma-
chine room 2, and includes a control part 16 and a mem-
ory 17, as shown in Fig. 2. By driving the drive unit 3
based on car call signals from the call buttons 10, the
main control unit 15 drives the first car 6 and the second
car 7 to move in the vertical direction. Based on position
signals for the first car 6 and the second car 7 from a
first position detection switch 11 and a second position
detection switch 12, the drive motor 9 is controlled to be
driven to correct the landing position of the second car 7.
[0018] Next, the operation of the elevator apparatus
as constructed above will be explained as the operation
of the control part 16 while referring to the flow chart
shown in Fig. 3. Here, note that data about the distances
between respective floors is stored in the memory 17
beforehand.
[0019] The control part 16 writes the stop positions of
the first and second cars 6, 7 into the memory 17 based
on position signals for the first and second cars 6, 7 from
the first and second position detection switches 11, 12.
The stop positions of the first and second cars 6, 7
stored in the memory 17 are successively updated
based on the position signals for the first and second
cars 6, 7 from the first and second position detection
switches 11, 12.
[0020] Then, the control part 16 monitors car call sig-
nals from the call buttons 10 (step 100), so that when a
call button 10 is pushed, the floor where a corresponding
car call is generated is specified by the control part 16.
A car near the car call generation floor is identified from
the data of the stop positions of the first and second cars
6, 7 stored in the memory 17, and the drive unit 3 is
driven so as to make the nearby car thus identified land
on the car call generation floor (step 101).
[0021] Then, the control part 16 determines, from the
first position detection switch 13 on a set landing floor
of the first car 6, whether the first car 6 has landed on
the set landing floor (step 102). When it is determined
that the first car 6 has normally landed on the set landing
floor, the control part 16 stops the driving operation of
the drive unit 3 (step 103).
[0022] Then, the control part 16 performs arithmetic
processing so as to determine, based on the data of
floor-to-floor distances stored in the memory 17, wheth-
er it is necessary to correct the landing position of the
second car 7 (step 104). When it is determined in step
104 that the correction of the landing position of the sec-
ond car 7 is unnecessary, the control flow moves to step
107, where it is determined, based on the second posi-
tion detection switch 14 on a set landing floor of the sec-
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ond car 7, whether the second car 7 has landed on the
set landing floor. When it is determined in step 107 that
the second car 7 has normally landed on the set landing
floor, the control part 16 opens the doors of the first and
second cars 6, 7.
[0023] On the other hand, when it is determined in
step 107 that the second car 7 has not landed on the
set landing floor, the control flow goes to step 108, where
the drive motor 9 is driven to cause the pantograph
structure 8 to move up or down, whereby the cab 7a of
the second car 7 is moved in the vertical direction.
Thereafter, the control part 16 determines, based on the
second position detection switch 14 on the set landing
floor of the second car 7, whether the second car 7 has
landed on the set landing floor (step 109). When it is
determined in step 109 that the second car 7 has nor-
mally landed on the set landing floor, the control part 16
stops the driving operation of the drive motor 9 (step
110). As a result, the doors of the first and second cars
6, 7 are opened. When it is determined in step 109 that
the second car 7 has not landed on the set landing floor,
a return to step 108 is performed. These steps 108-110
together constitute a correction step or process for a
landing deviation of the second car 7 resulting from a
time-varying extension (i.e., extension over time) of the
main rope 5 or an expansion or contraction of the main
rope 5 due to the load acting thereon.
[0024] On the other hand, when it is determined in
step 104 that the correction of the landing position of the
second car 7 is necessary, the control flow goes to step
105, where an amount of correction of the landing posi-
tion of the second car 7 is calculated based on the data
of floor-to-floor distances stored in the memory 17.
Then, the drive motor 9 is driven to operate so that the
amount of movement of the pantograph structure 8 is
made equal to the amount of correction thus calculated
(step 106), and thereafter the control flow goes to step
109. These steps 104 through 106 together constitute
a correction step or process for a landing deviation of
the second car 7 resulting from a difference between
floor-to-floor distances or an inequality in floor-to-floor
distances.
[0025] A similar operation is performed for a car call
generated by any of car destination buttons (not shown)
installed inside the first and second cars 6, 7, and hence
an explanation thereof is omitted here.
[0026] Thus, according to this first embodiment, since
the landing correction device constructed from the pan-
tograph structure 8 and the drive motor 9 is arranged on
the second car 7, even if a landing deviation is generat-
ed in the second car 7 upon normal landing of the first
car 6, the landing deviation of the second car 7 is quickly
corrected by means of the landing correction device. Ac-
cordingly, the doors of the first and second cars 6, 7 can
be made to open at the same time. Therefore, even
when a time-varying extension of the main rope 5 or an
expansion or contraction thereof due to the load applied
thereto is generated, or when the floor-to-floor distances

are different from one another, or even when there are
three or more stops in which floor-to-floor distances are
not equal, it is possible to make the first and second cars
6, 7 normally land on floors, and their doors opened at
the same time, whereby the service can be improved.
[0027] In addition, since the elevator apparatus ac-
cording to this first embodiment adopts the 1:1 roping
system, the structure thereof becomes simple, thus
making it possible to reduce the cost of manufacture.
Moreover, since the landing correction device is in-
stalled on the second car 7 alone, the number of landing
correction devices used or required becomes one, and
hence the reduction of cost can be accordingly made.
[0028] Further, the control part 16 of the main control
unit 15 controls the drive unit 3 in such a manner that
the drive unit is driven to make the first car 6 normally
land on its set landing floor, and the control part 16 also
controls the pantograph structure 8 and the drive motor
9 so that they are driven to make the second car 7 nor-
mally land on its set landing floor. Therefore, even if
there takes place a time-varying extension of the main
rope 5 or an expansion or contraction thereof due to a
load applied thereto, the first and second cars 6, 7 can
be made to land on the respective floors substantially at
the same time without generating any landing deviation,
so that they can be opened at the same time.
[0029] Furthermore, the floor-to-floor distances are
stored in the memory 17, and the control part 16 calcu-
lates a landing deviation of the second car 7 generated
upon normal landing of the first car 6, based on the data
of the floor-to-floor distances stored in the memory 17,
and controls to drive the pantograph structure 8 and the
drive motor 9 so as to correct the calculated amount of
landing deviation. With such an arrangement, even in
cases where there are three or more stops in which
floor-to-floor distances are different from one another,
the first and second cars 6, 7 can be landed substantially
at the same time without generating any landing devia-
tion, so that they can be opened at the same time.
[0030] Here, note that in the above-mentioned first
embodiment, the data of floor-to-floor distances stored
in the memory 17 may be corrected based on the
amount of correction of the landing deviation obtained
in the process of correction of the landing deviation in
steps 108 through 110. In this case, when a time-varying
expansion of the main rope 5 or an expansion or con-
traction of the main rope 5 due to the load is generated,
the data of floor-to-floor distances stored in the memory
17 is updated, so that the generation of a landing devi-
ation of the second car 7 resulting from the expansion
or contraction of the main rope 5 can be suppressed.
[0031] Besides, in the above-mentioned first embod-
iment, it has been described that the process of correct-
ing a landing deviation resulting from a difference be-
tween the floor-to-floor distances in steps 104 through
106 is performed after the first car 6 has normally land-
ed, but such a landing deviation correction process may
instead be carried out before or during the vertical op-
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eration of the first and second cars 6, 7.

Embodiment 2.

[0032] Fig. 4 is a vertical cross sectional view that
schematically shows the construction of an elevator ap-
paratus according to a second embodiment according
to the present invention.
[0033] In Fig. 4, a second car 7A has a cab 7a fixed
attached to a car frame 7b, and a landing correction de-
vice in the form of an electric winch 20 is arranged at a
main rope connection portion of the second car 7A.
[0034] Here, note that the construction of this second
embodiment other than the above is similar to that of the
above-mentioned first embodiment.
[0035] In this second embodiment, too, the elevator
apparatus operates based on the flow chart shown in
Fig. 3. In a process of correcting a landing deviation re-
sulting from an expansion or contraction of the main
rope 7 in steps 108 through 110 and in a process of cor-
recting a landing deviation resulting from a difference
between floor-to-floor distances in steps 104 through
106, the control part 16 controls to drive the electric
winch 20 so that the winch 20 winds up or draws out the
main rope 5 thereby to correct the landing deviation of
the second car 7A.
[0036] Thus, in the second embodiment, too, advan-
tageous effects similar to those of the above-mentioned
first embodiment can be achieved.
[0037] In addition, in this second embodiment, the
electric winch 20 is used as the landing correction de-
vice, and the electric winch 20 is arranged at the main
rope connection portion of the second car 7A. With such
an arrangement, the amount of correction of the second
car 7A can be increased to accommodate a wide range
of landing corrections, and the cab 7a need not be con-
structed such that it is movable in the vertical direction
with respect to the car frame 7b, as in the above-men-
tioned first embodiment. As a result, the second car 7A
can be of a simple structure. That is, a car of the same
structure as that of the first car 6 can be used for the
second car 7A.

Embodiment 3.

[0038] Fig. 5 is a vertical cross sectional view that
schematically shows the construction of an elevator ap-
paratus according to a third embodiment according to
the present invention.
[0039] In Fig. 5, a fixed deflector wheel 21 is arranged
in the machine room 2 at a location close to the deflector
wheel 4 with its axis of rotation being in alignment or
coincidence with the axis of rotation of the deflector
wheel 4. Also, a movable deflector wheel 22 is arranged
in the machine room 2 with its axis of rotation being in
parallel to the axis of rotation of the fixed deflector wheel
21 so as to be movable toward and away from the fixed
deflector wheel 21. In addition, a movable deflector

wheel driving part in the form of a hydraulic jack 23 is
arranged in the machine room 2 so as to move the mov-
able deflector wheel 22 toward or away from the fixed
deflector wheel 21. Here, note that the fixed deflector
wheel 21, the movable deflector wheel 22 and the hy-
draulic jack 23 together constitute a landing correction
device. Moreover, the main rope 5 is connected with the
first car 6, ascends therefrom so as to be wrapped
around the sheave 3a, and further wrapped sequentially
around the fixed deflector wheel 21, the movable deflec-
tor wheel 22 and the deflector wheel 4, and descends
therefrom to be connected with the second car 7A. In
other words, the fixed deflector wheel 21 and the mov-
able deflector wheel 22 are arranged on the path of the
main rope 5 between the sheave 3a and the deflector
wheel 4.
[0040] Here, note that the construction of this third
embodiment other than the above is similar to that of the
above-mentioned second embodiment.
[0041] In this third embodiment, too, the elevator ap-
paratus operates based on the flow chart shown in Fig.
3. In a process of correcting a landing deviation resulting
from an expansion or contraction of the main rope 7 in
steps 108 through 110 and in a process of correcting a
landing deviation resulting from a difference between
floor-to-floor distances in steps 104 through 106, the
control part 16 controls the hydraulic jack 23 in such a
manner that the hydraulic jack 23 is driven to move the
movable deflector wheel 22 so as to approach or sepa-
rate with respect to the deflector wheel 4 and the fixed
deflector wheel 21, whereby the landing deviation of the
second car 7A can be corrected.
[0042] Accordingly, in the third embodiment, too, ad-
vantageous effects similar to those of the above-men-
tioned second embodiment can be achieved.
[0043] In addition, since in this third embodiment, the
landing correction device is installed in the machine
room 2, the second car 7A need not have a special struc-
ture, and the self weight of the second car 7A becomes
lighter, thus making it possible to suppress the genera-
tion of the expansion and contraction of the main rope
5 due to the load applied thereto.
[0044] Moreover, since the pair of the fixed deflector
wheel 21 and the movable deflector wheel 22 are ar-
ranged on the path of the main rope between the sheave
3a and the deflector wheel 4, the roping ratio is in-
creased, so a wide range of landing correction can be
made with a small amount of movement of the movable
deflector wheel 22.
[0045] In the above-mentioned third embodiment, it
has been described that the number of pairs of the fixed
deflector wheel 21 and the movable deflector wheel 22
is one, but a plurality of pairs of fixed deflector wheels
21 and movable deflector wheels 22 may instead be ar-
ranged on the main rope path between the sheave 3a
and the deflector wheel 4. In this case, the roping ratio
can be further increased, and hence it becomes possi-
ble to accommodate a much wider range of landing cor-
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rections.
[0046] Further, although in the above-mentioned third
embodiment, it has been described that the hydraulic
jack 23 is used as the movable deflector wheel driving
part, the movable deflector wheel drive part is not limited
to such a hydraulic jack 23 but may instead comprise
anything that is capable of moving the movable deflector
wheel 22 to approach or separate with respect to the
fixed deflector wheel 21. For example, an electric motor
and a mechanism for converting the rotating torque of
this electric motor into a linear motion force may be
used.
[0047] Furthermore, in the above-mentioned first and
second embodiments, the car connected with the
sheave 3a side of the main rope 5 is made to normally
land, and a landing deviation generated in the car con-
nected with the deflector wheel 4 side of the main rope
5 is corrected, but the car connected with the deflector
wheel side of the main rope 5 may instead be made to
normally land, and a landing deviation generated in the
car connected with the sheave side of the main rope 5
can be corrected.

INDUSTRIAL APPLICABILITY

[0048] As described above, an elevator apparatus ac-
cording to the present invention, in which both cars con-
nected with opposite ends of a main rope can be made
to normally landed at the same time, is useful as an el-
evator apparatus capable of improving its service.

Claims

1. An elevator apparatus in which a sheave of a drive
unit and a deflector wheel are arranged at an upper
portion of a hoistway, and a first car and a second
car are connected with opposite ends of a main rope
suspended from said sheave and said deflector
wheel, respectively, so that when one of said cars
lands on a top floor, the other car lands on a bottom
floor,

said apparatus being characterized by com-
prising a landing correction device arranged be-
tween a cab and a car frame, which together con-
stitute said second car, for moving up and down said
cab with respect to said car frame thereby to correct
a landing position of said second car.

2. An elevator apparatus in which a sheave of a drive
unit and a deflector wheel are arranged at an upper
portion of a hoistway, and a first car and a second
car are connected with opposite ends of a main rope
suspended from said sheave and said deflector
wheel, respectively, so that when one of said cars
lands on a top floor, the other car lands on a bottom
floor,

said apparatus being characterized by com-

prising a landing correction device arranged at a
main rope connection portion of said second car for
adjusting the length of said main rope thereby to
correct a landing position of said second car.

3. An elevator apparatus in which a sheave of a drive
unit and a deflector wheel are arranged at an upper
portion of a hoistway, and a first car is connected
with a sheave-side end of a main rope suspended
from said sheave and said deflector wheel, whereas
a second car is connected with a deflector wheel-
side end of said main rope suspended from said
sheave and said deflector wheel, so that when one
of said cars lands on a top floor, the other car lands
on a bottom floor,

said apparatus being characterized in that a
fixed deflector wheel and a movable deflector wheel
are arranged on a path of said main rope between
said sheave and said deflector wheel, and a landing
correction device is provided for moving said mov-
able deflector wheel toward and away from said
fixed deflector wheel so as to adjust the length of
said main rope between said deflector wheel and
said second car thereby to correct a landing position
of said second car.

4. The elevator apparatus as set forth in claim 3, char-
acterized in that a plurality of pairs of fixed deflec-
tor wheel and movable deflector wheel are ar-
ranged on said path of said main rope between said
sheave and said deflector wheel.

5. The elevator apparatus as set forth in any of claims
1 through 4, characterized by comprising a main
control unit having a control part, said control part
being operable to set landing floors for said first and
second cars, respectively, based on generation of
a car call registration and control to drive said drive
unit so as to make said first car land on a set landing
floor, said control part being further operable to con-
trol to drive said landing correction device in such
a manner that said second car lands on a set land-
ing floor after said first car has landed on a set land-
ing floor.

6. The elevator apparatus as set forth in claim 5, char-
acterized in that said main control unit is provided
with a memory for storing data of floor-to-floor dis-
tances, and said control part calculates, based on
said data of floor-to-floor distances stored in said
memory, a landing deviation of said second car re-
sulting from floor-to-floor distances generated when
said first car has landed on a set landing floor, and
controls to drive said landing correction device so
as to correct the landing deviation thus calculated.
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