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ferred from the weight sensing unit so that the weight or

torque of the counterweight matches that of the carrier.

A Balance between the counterweight and the carrier can re-
FIA ) duce energy consumption of motor, protect natural envi-
/ | F2 ronment and save resources.
6

FIG. 1



WO 2010/124449 A1 W00 0 )00 A Y AU

OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML, Published:

MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



[1]
[2]

[3]
[4]

[5]

[6]
[7]

[8]

WO 2010/124449 PCT/CN2009/071509

Description

A LIFT SYSTEM AND ITS CONTROL METHOD
FIELD OF INVENTION

The present invention relates to a lift system driven by electric motor and its control
method.

BACKGROUND OF THE INVENTION

With increase of productive forces, the use of electrical lift device is becoming more
and more widespread. Electrical lift device driven by electrical motor moves the carrier
upward and downward, and counterweight is always used to keep balance.

But the widely-used electrical lift device has some shortcomings, for example, re-
gardless of the load of the elevator, the counterweight is always the same. When the
elevator car is moving upward, suppose the weight of elevator car is F1, the weight of
counterweight is F2, in order to prevent sudden and fast moving upward caused by big
weight difference (F1-F2), the electric motor needs to work along F1 direction and
brake the movement of the elevator car; when the elevator car is moving upward and
the carrier is weightier than the counterbalance, in order to avoid big weight difference
(F1-F2), the electric motor needs to work along F2 direction and brake the movement
of elevator car, otherwise the elevator car will not move upward; when passengers get
off at Nth floor and other passengers wait at ground floor, the electric motor needs to
work along F1 direction to bring the elevator car to ground floor; when the elevator car
is moving downward and the carrier is lighter than the counterbalance, in order to
avoid big weight difference (F2-F1), the electric motor needs to work along F1
direction and brake the movement of the elevator car, otherwise the elevator car will
not move downward; when the elevator car is moving downward and the carrier is
weightier than the counterbalance, in order to avoid sudden and fast moving downward
caused by big weight difference (F1-F2), the electric motor needs to work along F1
direction and brake the movement of the elevator car; when passengers get off at
ground floor and other passengers wait at Nth floor, the electric motor needs to work
along F1 direction to bring the elevator car to Nth floor; Thus it is clear that the electric
motor consumes additional energy to keep balance when elevator car moves up and
down, which doesn’t meet the requirements of environment protection.

SUMMARY OF THE INVENTION

The purpose of this invention is to provide an energy-saving lift system and its
control method by removing the disadvantages presented above.

In order to attain the above-mentioned object, the lift system of the present invention
includes a support point, a support body positioned on the support point, a coun-

terbalance end connected with the counterweight, a carrier end connected with carrier,



WO 2010/124449 PCT/CN2009/071509

[9]

[10]

[11]

[12]

a counterbalance unit, a weight sensing unit measuring the weight of the carrier, a
control unit, and an electric motor connected with the control unit to drive the carrier
upward and downward. The carrier end and the counterbalance end are disposed on the
support body and located on each opposite side of a support point. The control unit is
in signal connection with the weight sensing unit and the counterbalance unit, and
controls the weight of counterweight according to the measure results transferred from
the weight sensing unit so that the weight or torque of the counterweight matches that
of the carrier

The lift system is an elevator, the support point is a pulley block, the carrier includes
an elevator car, the elevator car and the counterweight connected with the carrier end
and the counterbalance end respectively. The control unit can select counterweight to
match the weight of carrier. The counterbalance unit selects suitable counterweight to
match weight of carrier. Counterbalance unit comprises hooking and detaching
actuator disposed at counterbalance end, a counterweight selector set on each floor, a
conveyer device and at least two counterweights. The control unit controls the coun-
terbalance unit to select counterweight that matches the weight of carrier according to
measuring results transferred from weight sensing unit, and the selected counterweight
then is conveyed to designated position. The hooking and detaching actuator can hook
or detach counterweight. The Lift system is a lifting device, with the torque of coun-
terweight or that of the carrier adjustable. At least two support points are included,
each of support point matching different arm force of the counterweight or the carrier.

The control method of a lift system, wherein lift system comprising: a support point,
a support body, a counterbalance end connected with counterweight, a carrier end
connected with an elevator car, and an electric motor. The Support body is located on
the support point, the counterbalance end and the carrier end are disposed on the
support body and located on each opposite side of support point, and the electric motor
drives the elevator car upward and downward, and wherein the control method
includes the following steps: a) Measuring the weight of the carrier; b) Selecting
suitable counterweight based on the measuring step so that the weight or torque of the
counterweight matches that of the carrier.

The lift system is an elevator, wherein suitable counterweight is selected based on the
measuring step so that the weight of the counterweight matches that of the carrier in
step b), and wherein the counterbalance unit adjusts the length of force arm or the
weight of counterweight to keep the torque of the counterweight and that of the carrier
matched in step b).

The benefit of this invention is to reduce energy consumption of the motor in the
movement of the elevator car with the counterbalance unit to keep balance between the

weight or torque of the counterweight and that of the carrier, therefore meet the re-
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quirements of environment protection.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of an elevator;

FIG. 2 is a structural drawing of an elevator;

FIG. 3 is a structural drawing of counterbalance unit of an elevator;

FIG. 4 is a schematic drawing of a mechanical crane-like device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in FIG1 to FIG3, an elevator system embodied in the present invention is
generally designed for accommodating passengers or cargo, including elevator car 5,
counterweight 6, cable 2, pulley block 1 and electric motor, elevator car 5 used for ac-
commodating passengers or cargo, counterweight 6 used to keep balance of mass
center during movement of elevator car 5, cable 2 for supporting the weight of the
carrier end 3 and the counterbalance end 4. Pulley block 1 can be single fixed pulley or
pulley system comprising one or more fixed pulley and moveable pulley, mechanical
properties equivalently as single fixed pulley. Cable 2 is coupled to pulley block 1, the
electric motor driving pulley block 1 to rotate to move the elevator car 5 upward and
downward. Elevator car 5 is coupled to carrier end 3 of the cable, counterweight 6
coupled to counterbalance end 4 of the cable. The lift system in this invention also
comprises weight sensing unit, control unit and counterbalance unit. The weight
sensing unit is used to measure weight of elevator car and passengers or cargo (that is,
weight sensing unit measures weight of carrier). The control unit is used to compute
weight difference between the carrier and the counterweight to control rotation speed
of the electric motor and control the counterbalance unit hooking or detaching a
suitable counterweight. The counterbalance unit hooks or detaches a suitable coun-
terweight according to signals transferred from the control unit. It either selects and
hooks suitable counterweight on the counterbalance end, or detaches suitable coun-
terweight from the counterbalance end and put it at any floor.

The counterbalance unit comprises a hooking and detaching actuator disposed at the
counterbalance end, a counterweight selector set on each floor, a conveyer device and
at least two counterweights. The hooking and detaching actuator is an electromagnetic
device. The counterweight selector selects suitable counterweight based on signal
transferred from control unit, the selected counterweight then is conveyed by conveyer
device to designated position, and the hooking and detaching actuator then hooks
counterweight on counterbalance end. When detaching counterweight is required, the
hooking and detaching actuator detaches counterweight from the counterbalance end,
detached counterweight then is conveyed by the conveyer device to designated
position.

The control unit controls rotation speed, strength and rotation direction of the electric
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motor. Electric motor’s power and rotate direction changes according to weight
changes of carrier and counterweight, control unit regulate power and rotate direction
of electric motor by either controlling voltage or current or phase, depend on type of
motor.

The lift system of the present invention operates as follows:

1) Passengers get into elevator car, door close;

2) The weight sensing unit sends information to control unit after measuring weight
of elevator car and passengers;

3) The control unit computes and decides weight of counterweight based on weight
of the carrier, then sends signals to designated counterbalance unit, for example, the
elevator stops at NO.A floor, top floor is M, then the required counterweight can be
located at No. M-A floor;

4) The counterbalance unit selects and hooks suitable counterweight based on signal
from control unit to minimize weight difference between carrier and counterweight;

5) The control unit controls the electric motor to drive the carrier car upward and
downward

In step 4), the least weight difference between carrier and counterweight is most
preferable, and the ideal difference is zero (that is, the weight of counterweight equals
that of carrier). As there are several counterweights available to be compared with that
of the carrier at each floor, the counterweight with least difference is selected. In-
formation of counterweights (numbers and weights) at each floor is stored in the
control unit.

Suppose the elevator moves from 6th floor to 8th floor in a 10-floor building, when
passengers get into elevator car at 6th floor, the weight sensing unit measures the
weight of the carrier and sends this information to the control unit, the control unit
controls the operation of counterbalance unit located at 4th floor, the counterbalance
unit detaches or hooks the suitable counterweight to reach the optimized model, and
then the elevator car is driven to move.

In this embodiment, cable 2 works as support body and coupled to pulley block 1,
counterweight 6 and elevator car 5 are coupled to counterbalance end 4 and carrier end
3 of the cable respectively. The support body can be a chain, a conveyor belt, a pulley
block or other structure that can be coupled with elevator car 5 as well as coun-
terweight 6 and driven by the electric motor. The electric motor is disposed at either
pulley block 1 or carrier end 3 or counterbalance end 4, or other position that can drive
the elevator car to move.

In Embodiments 2, an enclosed tank filled with fluid substance such as water, iron
sand, is fixed on the counterbalance end; suitable counterweight can be obtained by

injecting or emitting fluid substance. Injecting or emitting fluid substance can be
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controlled by flow control device, such as flow regulating valve.

In Embodiments 3, the hooking and detaching actuator disposed at the counterweight
end can be a mechanical device, counterweight detached or hooked by this mechanical
device.

In Embodiments 4, counterweight includes fixed and adjustable weights, fixed coun-
terweights settled on the counterbalance end and several adjustable counterweights
available. Suitable adjustable counterweight is hooked on or detached from the coun-
terbalance end based on signal from the control unit.

Pulley block 1 can be a pulley system comprising fixed pulley and moveable pulley,
mechanical properties equivalently as single fixed pulley. The pulley block works as a
support point.

The weight of counterweight is required to match that of carrier. For fixed coun-
terweights, the one with least weight difference is selected; for adjustable coun-
terweights, the one equal with that of carrier is selected. To ensure the stable
movement of elevator car (for example, damping is considered when elevator is
moving), the counterweight whose weight approaches that of the carrier is selected,
and the weight difference may not be minimal. Pulley block can be a single pulley or
pulley system comprising one or more fixed pulley and movable pulley, or other
pulley-like structure that can move the elevator car. Information of counterweights
(numbers and weights) at each floor is stored in the control unit.

For elevator car, as the counterweight matches the weight of carrier, the energy con-
sumption of motor is therefore reduced, which meets the requirements of natural en-
vironment protection.

As show in FIG. 4, lift system is a mechanical lifting device that can be widely used
at ports and factories. The lift system comprises support point O1 and support body 8.
The carrier and counterweight are connected with carrier end 3 and counterbalance end
4 respectively, the carrier end connected to carrier 7 (for example, cargo to be handled
at port), the counterbalance end connected to counterweight 6, making the system a
level device. The middle part of the support body is mounted on support point O1, and
the electric motor is coupled to the carrier via cable to move the carrier upward and
downward. The force arm of carrier LA includes unchangeable fixed arm LA 1 and ad-
justable retractable arm LA 2, LA=LA 1 + LA 2. The force arm of counterweight LB
includes unchangeable fixed arm LB 1 and adjustable retractable arm LB 2, LB =LLB 1
+LB 2. The lift system also comprises weight sensing unit, control unit and coun-
terbalance unit, which are in signal connection. The weight of counterbalance is F2,
and the weight of carrier is F1.

When the lift system conveys cargo, the weight sensing unit measures weight of

carrier and feedbacks the information to control unit , the control unit controls the
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counterbalance unit to select suitable counterweight by adjusting the torque of coun-
terweight (F2xLB) equal with the torque of carrier (F1xXLA). A power device adjusts
length of retractable arm LB 2 of counterbalance horizontally to match that of carrier.
Of course, this also can be achieved by adjusting length of retractable arm of carrier.
The power device can be electric motor, hydraulic actuator, pneumatic actuator or
other device that can adjust length of retractable arm based on electric signal.

The support point also can be changed to adjust the torque, as show in FIG. 4, O1 or
02 (03, O4 etc.) can be selected as support point to adjust the torque of the carrier ap-
proaching or equal to that of counterweight.

Counterweight can be changed to adjust the torques, as described in description of
elevator car.

For the lifting mechanical device, as the difference between the torque of coun-
terweight and that of carrier is minimal (that is, the torque of counterweight approaches
or equals to that of carrier), the energy consumption of electric motor is reduced to
protect natural environment and save resources.

For the lift system, the counterbalance unit dynamically adjusts the counterweight by
changing either the weight or the torque of counterweight relative to support point to
keep the weight or the torque of counterweight and that of carrier matched. The word
“match” means weight or torque of the counterweight equals or approaches that of
carrier, or minimal difference between them.

Although this invention has been shown and described with respect to exemplary em-
bodiments thereof, it should be understood by those skilled in the art that the foregoing
and various other changes, omissions, and additions in the form and detail thereof may
be made therein without departing from the spirit and scope of the invention. Ac-
cordingly, the present invention has been described in several embodiments by way of

illustration rather than limitation.
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Claims

1. A lift system, comprising

a support point;

a support body positioned on the support point;

a counterbalance end connected with the counterweight;

a carrier end connected with the carrier, wherein said carrier end and said coun-
terbalance end are disposed on the support body and located on each opposite
side of a support point;

a counterbalance unit;

a weight sensing unit measuring the weight of the carrier;

a control unit in signal connection with said weight sensing unit and said coun-
terbalance unit, and controlling said counterbalance unit to select counterweight
according to the measure results transferred from said weight sensing unit so that
the weight or torque of said counterweight matches that of said carrier;

and an electric motor connected with said control unit to drive the carrier upward
and downward.

2. A lift system as claimed in claim 1, wherein said lift system is an elevator;
wherein said support point is a pulley block; wherein said carrier includes an
elevator car , said elevator car and said counterweight connected with said
carrier end and said counterbalance end respectively; and wherein said control
unit controls said counterbalance unit to select counterweight that matches the
weight of carrier.

3. A lift system as claimed in claim 2, wherein said counterbalance unit selects
counterweight that matches the weight of said carrier.

4. A lift system as claimed in claim 2, wherein said counterbalance unit
comprising: a hooking and detaching actuator disposed on said counterbalance
end, a counterweight selector set on each floor, a conveyer device and at least
two counterweights, said control unit controls counterbalance unit to select coun-
terweight that matches the weight of said carrier according to the measure results
transferred from said weight sensing unit, the selected counterweight then be
conveyed to designated position, said hooking and detaching actuator can hook
or detach counterweight.

5. A lift system as claimed in claim 1, wherein said lift system is a lifting
mechanical device, at least one force arm of said counterweight or said carrier
adjustable.

6. A lift system as claimed in claim 5, wherein at least two said support points

are included, each of said support point matching different force arm of said
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counterweight or said carrier.

7. A control method of a lift system, wherein said lift system comprising: a
support point, a support body, a counterbalance end connected with coun-
terweight, a carrier end connected to an elevator car, and an electric motor;
wherein said support body is located on the said support point, said coun-
terbalance end and said carrier end disposed on said support body and located on
each opposite side of said support point, said electric motor driving the carrier
upward and downward; and wherein said control method includes the following
steps:

a) Measuring the weight of said carrier;

b) Selecting suitable counterweight based on said measuring step so that the
weight or torque of said counterweight matches that of said carrier.

8. A control method of a lift system as claimed in claim 7, wherein said lift
system is an elevator, and wherein suitable counterweight is selected based on
said measuring step so that the weight of said counterweight matches that of said
carrier in said step b).

9. A control method of a lift system as claimed in claim 7, wherein said lift
system is mechanical crane-like device, and wherein said counterbalance unit
adjusts the length of force arm or the weight of counterweight to keep the torque

of said counterweight and that of said carrier matched in said step b).
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