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(54) ELEVATOR

(57) In an elevator apparatus, a main rope suspend-
ing a car and a counterweight is wound around a drive
sheave of a drive device. The car side and the counter-
weight side are in balance with each other when the value
of a weight load in the car is smaller than 1/2 of the max-
imum loading weight of the car. The car is provided with
a weighing device for measuring a value of the weight
load in the car. A torque assist device is provided within
a hoistway. An assist control device controls the torque
assist device so as to impart auxiliary torque to the drive
sheave when the value of the weight load in the car as
determined based on information from the weighing de-
vice becomes larger than the predetermined value.
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Description
Technical Field

[0001] The present invention relates to a rope type el-
evator apparatus in which an elevator car and a counter-
weight are raised and lowered by drive of a hoisting ma-
chine.

Background Art

[0002] Conventionally, JP 05-38182 A discloses an el-
evator apparatus in which a sheave for suspending an
elevator car and a counterweight is driven by a plurality
of drive systems in order to achieve an increase in ele-
vator capacity. In the conventional elevator apparatus,
the allocation of output power among the respective drive
systems is determined based on the required torque.
[0003] Inthe conventional elevator apparatus, in order
to achieve miniaturization of the respective drive sys-
tems, the weight of the counterweight is set to be the
same as the sum of 1/2 of the car’ s maximum loading
weight (weight at full passenger capacity) and the car’s
own weight. That is, the car side and the counterweight
side are in balance with each other when the number of
passengers on board the caris at 1/2 of the full passenger
capacity.

[0004] It is known, however, that there is generally a
rather low probability of passengers being on board at
1/2 of the full passenger capacity of the car. In the case
of home elevators, in particular, the number of passen-
gers on board is usually one or two in many cases. Fur-
ther,inrecentyears, large-capacity elevator apparatuses
are increasingly installed in large offices in order to cope
with the loads at peak times when people come to work,
during the lunchtime, and when people leave work, for
example; however, during the normal operation time oth-
er than the peak times, the number of passengers on
board is not more than 1/2 of the full passenger capacity
in the overwhelming majority of cases. Accordingly, the
conventional elevator apparatus involves a large amount
of wasted energy consumption during the normal oper-
ation time.

Disclosure of the Invention

[0005] The present invention has been made with a
view toward solving the above-mentioned problems, and
itis therefore an object of the present invention to provide
an elevator apparatus capable of reducing the amount
of energy consumption.

[0006] An elevator apparatus according to the present
invention includes: a drive device having a drive device
main body and a drive sheave rotated by the drive device
main body; a main rope wound around the drive sheave;
a car suspended from one end portion of the main rope;
a counterweight suspended from the other end portion
of the main rope and being in balance with the car side
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when a value of a weight load in the car is smaller than
1/2 of a maximum loading weight of the car; a torque
assist device forimparting an auxiliary torque to the drive
sheave; a weighing device for measuring the value of the
weight load in the car; and an assist control device for
controlling the torque assist device so that the torque
assist device imparts the auxiliary torque to the drive
sheave when the value of the weight load determined
based on information from the weighing device becomes
larger than a predetermined value.

Brief Description of the Drawings

[0007] Fig. 1is a front view showing an elevator appa-
ratus according to Embodiment 1 of the present inven-
tion.

Best Mode for carrying out the Invention

[0008] Hereinbelow, preferred embodiments of the
present invention will be described with reference to the
drawings.

Embodiment 1

[0009] Fig. 1is afront view showing an elevator appa-
ratus according to Embodiment 1 of the present inven-
tion. Referring to Fig. 1, a hoisting machine 2 as a drive
device is provided in an upper portion of a hoistway 1.
The hoisting machine 2 has a drive device main body 3
including a motor, and a drive sheave 4 provided to the
drive device main body 3 and rotated through the drive
of the drive device main body 3. Further, a deflector
sheave 5 is provided near the hoisting machine 2.
[0010] A plurality of main ropes 6 are wound around
the drive sheave 4 and the deflector sheave 5. A car 7
is connected to one end portion of each main rope 6, and
a counterweight 8 is connected to the other end portion
of each main rope 6. The car 7 and the counterweight 8
are suspended within the hoistway 1 by the respective
main ropes 6. Further, the car 7 and the counterweight
8 are raised and lowered within the hoistway 1 as the
drive sheave 4 rotates.

[0011] Provided in a lower portion of the car 7 is a
weighing device 9 for measuring the value of the weight
load (for example, the weight of a heavy load such as a
passenger or luggage) inside the car 7. It should be noted
that the weighing device used may be one which meas-
ures the weight load in the car 7 by obtaining the tension
in the main rope 6.

[0012] The weight of the counterweight 8 is smaller
than the sum of 1/2 of the weight of the maximum loading
weight of the car 7 (the weight at the full passenger ca-
pacity of the car) and the self weight of the car 7. That
is, the car 7 side and the counterweight 8 side are in
balance with each other when the value of the weight
load in the car 7 is equal to a reference weight that is
smaller than 1/2 of the maximum loading weight of the
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car 7. Accordingly, when the value of the weight load in
the car 7 is equal to the reference weight, the output
torque of the hoisting machine 2 becomes minimum (the
lower limit value).

[0013] The hoisting machine 2is setsuchthatits output
torque becomes maximum (the upper limit value) when
the difference in weight between the car 7 side and the
counterweight 8 side becomes equal to the reference
weight. That is, the hoisting machine 2 is set such that
its output torque becomes maximum when there is no
weight load in the car 7 and when the weight load in the
car 7 is equal to a weight (predetermined value) that is
twice the reference weight. Accordingly, the hoistingma-
chine 2 is capable of raising and lowering the car 7 and
the counterweight 8 individually within the range in which
the difference in weight between the car 7 side and the
counterweight 8 side is not larger than the reference
weight.

[0014] In this example, the passenger capacity of the
car 7 is 10 people. Further, the weight of the counter-
weight 8 is equal to the sum of the self weight of the car
7 and the combined weight of two people. That is, when
the number of passengers on board the car 7 is two,
which is less than 1/2 (5 people) of the passenger ca-
pacity (10 people) of the car 7, the car 7 side and the
counterweight 8 side are in balance with each other. That
is, the combined weight of two passengers is set as the
reference weight.

[0015] Further, the hoisting machine 2 is set such that
its output torque becomes maximum when the car 7 is
empty and when four passengers are on board the car
7. Thatis, the hoisting machine 2 is set such thatits output
capacity becomes maximum when the difference in
weight between the car 7 side and the counterweight 8
side is equal to the combined weight of two passengers.
Accordingly, the hoisting machine 2 is capable of raising
and lowering the car 7 and the counterweight 8 individ-
ually when the difference in weight between the car 7
side and the counterweight 8 side is not larger than the
combined weight of two passengers.

[0016] In the hoistway 1, there is provided a torque
assist device 10 for imparting to the drive sheave 4 aux-
iliary torque for supplementing a shortage in the output
torque of the hoisting machine 2 by adding a rotary force
to the drive sheave 4. The torque assist device 10 is
provided separately from the hoisting machine 2. Further,
the torque assist device 10 is arranged below the hoisting
machine 2. Further, the torque assist device 10 has an
assist device main body 11 including a motor, and a con-
tact roller 12 that is in contact with the outer peripheral
portion of the drive sheave 4 and is rotated through the
drive of the assist device main body 11.

[0017] The outer peripheral portion of the contact roller
12 is provided with a high-friction member for preventing
the slippage of the contact roller 12 with respect to the
drive sheave 4. The drive sheave 4 is rotated through
the rotation of the contact roller 12. As a result, the rota-
tion torque of the assist device main body 11 is transmit-
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ted to the drive sheave 12 as the auxiliary torque via the
contact roller 12.

[0018] Further, in the hoistway 1, there are provided
an elevator control device 13 for controlling the operation
of the elevator, and an assist control device 14 for con-
trolling the drive of the torque assist device 10. The hoist-
ing machine 2, the weighing device 9, and the assist con-
trol device 14 are electrically connected to the elevator
control device 13. The elevator control device 13 controls
the hoisting machine 2 based on information from the
weighing device 9.

[0019] The assist control device 14 is electrically con-
nected to the torque assist device 10. The information
from the weighing device 9 is input to the assist control
device 14 via the elevator control device 13. The assist
control device 14 controls the drive of the torque assist
device 10 based on the information from the weighing
device 9.

[0020] The assist control device 14 controls the torque
assist device 10 so as to impart auxiliary torque to the
drive sheave 4 when the value of the weight load deter-
mined based on the information from the weighing device
9 becomes larger than a weight (predetermined value)
that is twice the reference weight, and to stop the output
of the auxiliary torque when the value of the weight load
becomes equal to or smaller than the predetermined
value . Further, the torque assist device 14 controls the
drive of the torque assist device 10 so as to adjust the
value of the auxiliary torque imparted to the drive sheave
4 in accordance with the value of the weight load in the
car’.

[0021] Thatis, when the difference in weight between
the car 7 side and the counterweight 8 side is not larger
than the reference weight, the value of the torque re-
quired for raising and lowering the car 7 and the coun-
terweight 8 falls within the permissible range of the output
torque of the hoisting machine 2, so the car 7 and the
counterweight 8 are raised and lowered as the drive
sheave 4 is rotated by the output torque of only the hoist-
ing machine 2. Further, when the difference in weight
between the car 7 side and the counterweight 8 side is
larger than the reference weight, the value of the requisite
torque exceeds the permissible range of the output
torque of the hoisting machine 2, so the auxiliary torque
due to the torque assist device 10 is imparted to the drive
sheave 4 in addition to the output torque of the hoisting
machine 2. As a result, the drive sheave 4 is rotated by
means of the combined torque of the output torque of the
hoisting machine 2 and the auxiliary torque of the torque
assist device 10, thus raising and lowering the car 7 and
the counterweight 8. The value of the auxiliary torque
imparted to the drive sheave 4 is adjusted according to
the difference in weight between the car 7 side and the
counterweight 8 side through the control of the assist
control device 14.

[0022] Inthis example, the output torque of the hoisting
machine 2 becomes short when the number of passen-
gers inside the car 7 reaches 5 or more, so the auxiliary
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torque from the torque assist device 10 is added through
the control of the assist control device 14. Further, the
value of the auxiliary torque is adjusted by the assist con-
trol device 14 according to the value of the weight load
determined based on the information from the weighing
device 9.

[0023] Next, operation will be described. The informa-
tion from the weighing device 9 is constantly input to the
elevator control device 13 and the assist control device
14. Accordingly, the value of the weight load in the car 7
is determined by the elevator control device 13 and the
assist control device 14. The value of the output torque
of the hoisting machine 2 is adjusted according to the
value of the weight load in the car 7 through the control
of the elevator control device 13.

[0024] When the value of the weight load in the car 7
is not larger than twice of the reference weight, that is,
when the number of passengers inside the car 7 is not
larger than 4, the drive of the torque assist device 10 is
stopped through the control of the assist control device
14, so the imparting of the auxiliary torque to the drive
sheave 4 is stopped. The drive sheave 4 is thus rotated
solely by the output torque of the hoisting machine 2, and
the car 7 and the counterweight 8 are raised and lowered
within the hoistway 1.

[0025] When the value of the weight load in the car 7
becomes larger than twice of the reference weight, that
is, when the number of passengers inside the car 7 be-
comes 5 or more, the torque assist device 1 is driven
through the control of the assist control device 14, and
the auxiliary torque is imparted to the drive sheave 4 to-
gether with the output torque of the hoisting machine 2.
The value of the auxiliary torque at this time is adjusted
by the assist control device 14 according to the value of
the weight load in the car 7. The drive sheave 4 is thus
rotated, and the car 7 and the counterweight 8 are raised
and lowered within the hoistway 1.

[0026] In the elevator apparatus as described above,
the balance between the car 7 side and the counterweight
8 side is achieved when the value of the weight load in
the car 7 is equal to the reference weight that is smaller
than 1/2 of the maximum loading weight of the car 7;
when the value of the weight load in the car 7 becomes
larger than twice of the reference weight, the auxiliary
torque for supplementing a shortage in the output torque
of the hoisting machine 2 is imparted to the drive sheave
4 by the torque assist device 10. Accordingly, the value
of the maximum output torque of the hoisting machine 2
can be reduced to thereby achieve miniaturization of the
hoisting machine 2. Further, most of the elevator opera-
tion during the normal operation time other than the peak
times can be effected through the drive of only the min-
iaturized hoisting machine 2, thereby making it possible
to reduce the amount of energy consumed for the eleva-
tor operation. Further, the counterweight 8 can be mini-
aturized, thereby achieving a reduction in the installation
space of the elevator apparatus.

[0027] Further, the difference in weight between the
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car 7 side and the counterweight 8 side is the same be-
tween when the value of the weight load in the car 7 is
equal to a weight (predetermined value) that is twice the
reference weight and when there is no weight load in the
car 7, so it is possible to make the most of the capacity
of the hoisting machine 2 to thereby prevent an increase
in the capacity of the torque assist device 10.

[0028] Further, the value of the auxiliary torque is ad-
justed according to the value of the weight load in the car
7 by the assist control device 14 performing control on
the torque assist device 10, thereby making it possible
to prevent the amount of energy consumed by the torque
assist device 10 from increasing more than necessary.
[0029] Further, the torque assist device 10 is provided
separately from the hoisting machine 2, whereby the han-
dling of the torque assist device 14 and hoisting machine
2 is facilitated to thereby facilitate the maintenance and
inspection work.

[0030] Further, the torque assistdevice 10 has the con-
trol roller 12 that contacts the drive sheave 4 to transmit
the auxiliary torque to the drive sheave 4, whereby the
auxiliary torque can be imparted to the drive sheave 4
by means of the simple construction.

[0031] It should be noted that while in the above-de-
scribed example the elevator control device 13 and the
assist control device 14 are provided separately from
each other within the hoistway 1, the assist control device
14 may be mounted to the elevator control device 13.
[0032] Further, while in the above-described example
the auxiliary torque from the torque assist device 10 can
be transmitted to the drive sheave 4 through the contact
of the contact roller 12 with the drive sheave 4, the aux-
iliary torque from the torque assist device 10 may be
transmitted to the drive sheave 4 by means of a power
transmission belt. In this case, the hoisting machine 2 is
provided with a pulley that is rotated integrally with the
drive sheave 4, and the torque assist device 10 is pro-
vided with a pulley that is rotated by the assist device
main body 11. Further, the power transmission belt is
wound between the respective pulleys.

[0033] Further, while in the above-described example
the torque assist device 10 and the hoisting machine 2
are provided separately from each other, it is also pos-
sible to coaxially connect the rotary shaft of the torque
assist device 10 to the rotary shaft of the drive sheave
4. This makes it possible to dispense with the contact
roller 12 to thereby reduce the number of parts.

[0034] Further, the torque assist device 10 may be in-
corporated into the drive device main body 3 to be inte-
grated therewith. This makes it possible to reduce the
installation spaces of the hoisting machine 2 and torque
assist device 10.

[0035] Furthermore, while in the above-described ex-
ample the present invention is applied to the elevator
apparatus of the 1:1 roping system in which the one end
portion of the main rope 6 is connected to the car 7 and
the other end portion of the main rope 6 is connected to
the counterweight 8, the present invention may be ap-
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plied to an elevator apparatus of a 2: 1 roping system in
which a car suspension pulley and a counterweight sus-
pension pulley, on each of which the main rope is wound
up, are provided to the car 7 and the counterweight 8,
respectively. In this case, the one and the other end por-
tions of the main rope are connected to an upper portion
of the hoistway 1. Further, the main rope 6 is wound
around the car suspension pulley, the drive sheave 4,
and the counterweight suspension pulley in the stated
order from the one end portion to the other end portion
thereof.

Claims

1. An elevator apparatus, characterized by compris-
ing:

a drive device having a drive device main body
and a drive sheave rotated by the drive device
main body;

a main rope wound around the drive sheave;

a car suspended by the main rope;

a counterweight suspended by the main rope
and being in balance with the car side when a
value of a weight load in the car is smaller than
1/2 of a maximum loading weight of the car;

a torque assist device for imparting an auxiliary
torque to the drive sheave;

a weighing device for measuring the value of the
weight load in the car; and

an assist control device for controlling the torque
assist device so that the torque assist device
imparts the auxiliary torque to the drive sheave
when the value of the weight load determined
based on information from the weighing device
becomes larger than a predetermined value.

2. An elevator apparatus according to Claim 1, char-
acterized in that a difference in weight between the
car side and the counterweight side is the same be-
tween when the value of the weight load is the pre-
determined value and when there is no weight load.

3. An elevator apparatus according to Claim 1, char-
acterized in that a value of the auxiliary torque is
adjusted according to the value of the weight load.

4. An elevator apparatus according to Claim 1, char-
acterized inthat the torque assist device is provided
separately from the drive device.

5. An elevator apparatus according to Claim 1, char-
acterized in that the torque assist device has a con-
tact roller that contacts the drive sheave to transmit
the auxiliary torque to the drive sheave.

6. An elevator apparatus according to Claim 1, char-
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acterized in that the torque assist device is incor-
porated into the drive device main body.
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