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(54) ELEVATOR

(67)  The elevator includes a car (104), a drive unit
for moving the car by rotating a rotary body connected
to the car, a brake (102) for applying a braking force to
the rotary body, an elevator control unit (2) for controlling
an operation ofthe car, a brake control unit (20) for chang-
ing a brake torque of the brake stepwise for releasing

upon reception of a start signal of the elevator from the
elevator control unit (2), and a torque control unit (23) for
controlling a torque of the drive unit to approximate the
car speed to zero upon reception of the start signal of
the elevator from the elevator control unit (2).
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Description
BACKGROUND

[0001] The present invention relates to an elevator.

[0002] The elevatorcaris normally driven under control
to allow the motor to output compensation torque corre-
sponding to the difference between the car and the coun-
terweight so as to maintain static state of the car while
preventing its fall even in the transition from the stop state
under the braking force to the state where the braking
forceisreleased. In order to determine the compensation
torque upon activation, it is necessary to detect inside
weight of the car by means of the weighing sensor at-
tached to the bottom of the car or the thimble rod. Possible
error of the weighing sensor may fail to accurately output
the required compensation torque, which shakes the car
upon starting at a magnitude corresponding to the error.
Japanese Patent Application Laid-Open No. 2015-00796
discloses the method of calibrating the weighing sensor
for the purpose of solving the above-described problem.

SUMMARY

[0003] There may be the case that the car is shaken
when starting the elevator if the weighing sensor fails, or
high detection accuracy cannot be expected. As aresult,
the appropriate compensation torque cannot be output,
thus shaking the car upon starting of the elevator.
[0004] The presentinvention provides the elevator in-
cluding a car, a drive unit for moving the car by rotating
a rotary body connected to the car, a brake for applying
a braking force to the rotary body, an elevator control unit
for controlling an operation of the car, a brake control unit
for changing a brake torque of the brake stepwise for
releasing upon reception of a start signal of the elevator
from the elevator control unit, and a torque control unit
for controlling a torque of the drive unit to approximate
the car speed to zero upon reception of the start signal
of the elevator from the elevator control unit.

[0005] Itis an object of the present invention to lessen
shaking of the car upon starting of the elevator.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

Fig. 1is ablock diagram showing an overall structure
of an embodiment according to the present inven-
tion;

Fig. 2 is a block diagram showing the process flow
executed by an elevator controller according to the
embodiment;

Fig. 3 is a view schematically showing the operation
of the embodiment; and

Fig. 4 is a flowchart representing process steps of
generating the drive torque according to the embod-
iment.
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DETAILED DESCRIPTION

[0007] Anembodimentaccordingtothe presentinven-
tion will be described referring to the drawings.

[0008] Fig. 1 is an overall view of an elevator system
structure according to the present invention. An elevator
controller 100 controls movement of a car 104 of the el-
evator. The elevator controller 100 includes a brake con-
trol unit 20 and a torque control unit 23 in addition to an
elevator control unit 2 for operation control of the elevator.
[0009] The car 104 operated to move between floors
of the building through the hoistway is connected to a
weight or counterweight with a rope for balancing with
the car 104. The car 104 includes a car door that is
opened and closed in engagement with the door at the
landing floor side. The car 104 is operated by a motor
103 which drives the sheave. A power converter 101 sup-
plies drive power to the motor 103. The power converter
101 outputs power for controlling the motorinaccordance
with a car position control command from the elevator
controller 100. A rotation sensor as the pulse generator
such as an encoder is attached to the motor 103. The
elevator controller 100 counts the pulse generated by
rotation of the motor 103 so as to calculate speed of the
motor 103, and moving direction, position, movement dis-
tance of the car 104 in the hoistway. The rotation sensor
attached to the motor will be referred to as a machine
encoder. The elevator controller outputs a brake power
source stop command and a power supply stop com-
mand (not shown) for braking the car. In response to
those stop commands, the brake power source actuates
a brake 102, and the power supply interrupts power sup-
ply to the power converter 101 so as to brake the car
104. The brake power source and the power supply are
circuits each constituted by an electromagnetic contactor
called contactor.

[0010] The brake 102 includes a brake pad for braking
the sheave through friction sliding operation, a solenoid
coil for lifting the brake pad so as to generate the gap
between the sheave and the brake pad, and a core. Gen-
erally, upon power supply to the solenoid coil, the brake
pad is lifted under electromagnetic force so that the
sheave released from restraint of the brake pad becomes
freely rotatable. Power is supplied to the solenoid coil
through relay from the brake power source. The brake
102 is connected to a brake current control circuit 21 as
the circuit configured to control the current (brake current
22) applied to the solenoid coil and configured to make
the braking force of the brake variable. The brake 102 is
provided with a brake check switch 8 configured to me-
chanically detect whether the brake pad and the sheave
are separated (uncontact state). The information detect-
ed by the brake check switch 8 indicating as to whether
the brake and the sheave are separated (uncontact state)
is output to the elevator control unit 2.

[0011] The brake current control circuit 21 is constitut-
ed by a converter for controlling current or voltage, for
example, inverter circuit, chopper circuit or the like, a hall
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CT for detecting the brake current, and a control unit for
controlling the brake current. In response to the current
command value (brake current command) applied from
the elevator controller 100 to the solenoid coil, the brake
current 22 is controlled into the command value. This
embodiment has been described by taking the brake
mechanism for varying the braking force in accordance
with the current using the solenoid coil as an example of
varying the braking force. It is also possible to employ
the brake configured to vary the braking force in accord-
ance with the distance by utilizing the actuator of direct
drive type, or the brake (shoe brake) configured to vary
the braking force in accordance with the rotation angle
by utilizing the rotation mechanism. Arbitrary type of
brake may be employed so long as the braking force of
the brake is variable in accordance with the specific com-
mand.

[0012] A position sensor 5 is a door zone sensor con-
figured to detect a detection plate 6 so as to determine
if the elevator is at the position where the door can be
opened. A car speed sensor 7 for detecting the car speed
may be formed as a rotation sensor attached to the gov-
ernor, for example. The rotation sensor attached to the
governor will be referred to as a governor encoder. It is
also possible to directly attach the acceleration sensor
to the car.

[0013] Fig. 2 is a block diagram representing correla-
tion between the brake control unit 20 and the torque
control unit 23 with respect to processing executed by
those units. Upon reception of an operation start com-
mand input from the elevator control unit 2, a speed com-
mand output processing unit 30 issues a zero speed com-
mand. The difference between the zero speed command
and a car speed feedback input from a car speed detec-
tion processing unit 31 is calculated for execution of tar-
get value follow-up control, for example, proportional in-
tegral control. Finally, the torque command is output. In
other words, the torque command is output so that the
car speed becomes zero. The car speed detection
processing unit 31 detects a car speed feedback signal
derived from the machine encoder so that the signal is
output for speed command output processing.

[0014] A torque control processing unit 32 obtains the
difference between the torque command input from the
speed command output processing unit 30 and a torque
feedback signal calculated from a motor currentfeedback
signal, executes such process as proportional integral
control, and outputs the torque output command. The
torque output command is input to the power converter
101 so that voltage is applied to a synchronous motor for
generating the desired torque.

[0015] The brake control unit 20 includes a brake cur-
rent command generation unit 33 and a type information
database (DB) 34. Upon reception of an operation start
command input from the elevator control unit 2, the brake
current command generation unit 33 outputs the brake
current command in reference to the type information DB
34 to be described later. The brake current command is

10

20

25

30

35

40

45

50

55

input to the brake current control circuit 21, based on
which the brake current control circuit 21 controls the
brake current 22 to be applied to the brake solenoid coil.
[0016] Fig. 3 graphically represents the time-series
correlation among waveforms generated upon start of
the brake control unit 20 and the torque control unit 23.
For convenience of explanation, the time axis is divided
into four sections from (a) to (d). The basic operation
process will be described with respect to the sections
sequentially from the section (a).

[0017] In the section (a), the operation start command
has not been input to the respective control units, and
therefore, the brake current command is in the zero state.
In other words, the car is kept under braking force by the
brake, and accordingly, the car speed is also zero. Be-
cause of the braking force applied by the brake, the
torque output command is also in the zero state.

[0018] In the section (b), the operation start command
is input. Then the brake control unit 20 gradually increas-
es the brake current command value so that the brake
current output from the brake current control circuit 21 is
applied to the solenoid for lifting the brake 102. Upon
increase in the brake current command value, the brake
102 is lifted slowly so as to decrease the brake torque T.
In the case that the unbalance torque between the car
and the counterweight is made larger under the decreas-
ing brake torque, the car is likely to move. At this time,
the speed command output processing unit 30 has al-
ready output the zero speed command. Then the torque
control processing unit 32 outputs the torque output com-
mand to the power converter 101 so that the car speed
becomes zero. Then power is output to the motor 103 to
output the torque in accordance with the torque output
command to the power converter 101. Since the speed
command output processing unit 30 has already output
the zero speed command, the brake is lifted. As the un-
balance torque is made relatively larger than the brake
torque, the motor torque for maintaining the zero speed
isincreased as well as the output of the torque command.
By releasing the brake slowly, the brake torque insuffi-
cient to bring the car into static state may be compensat-
ed in response to the torque output command. This may
maintain the static state of the car. The gradient of the
brake current command in the section (b) is determined
in reference to the type information DB 34 in order to
cope with the response which differs depending on the
brake type. For example, in the case of brake torque re-
sponse delay to change in the brake current command,
the gradient may be reduced or shaped into step-like
form so as to facilitate the response following up to the
command.

[0019] The section (c) represents the transitional
change into the state that brings the brake torque into
zero state as a result of separation of the brake pad from
the sheave resulting from increasing brake current. At
this time, the torque required for making the car into static
state has been already output in the section (b). There-
fore, shaking of the car owing to torque change rarely
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occurs even in the state that the brake is released.
[0020] The section (d) represents the state that the
brake has been separated. The torque sufficient to bring
the car into static state has been output in the section (c)
so that the car is kept in the static state. At this time, the
torque control processing unit 32 has output the torque
output command to set the car speed to zero. Subse-
quently, the speed command is applied to start operation
of the car.

[0021] Fig. 4 is a flowchart according to the present
invention. In step S101, the elevator control unit 2 detects
whether the operation start command has been input. If
the operation start command is OFF, the process ends.
If the operation start command is ON, the process pro-
ceeds tostep S102. Instep S102, the car speed detection
processing unit 31 converts the machine encoder infor-
mation or the information output from the car speed sen-
sor 7, which has been input via the elevator control unit
into the car speed. The speed command output process-
ing unit 30 judges whether or not the car speed is zero.
If the car speed is zero, the process proceeds to step
S103 where the brake current command value is in-
creased through the brake current command generation
process. In step S104, the brake torque is reduced as
the brake current varies. If it is judged in step S102 that
the car speed is not zero, the process proceeds to step
S105 where the speed command output processing unit
outputs the torque control command to set the car speed
to zero. In step S106, it is judged whether or not the brake
pad has been separated. Separation of the brake pad
may be detected by utilizing the brake check switch 8 for
detecting the brake operation state. If the brake pad has
not been separated, the process proceeds to the step
prior to step S102. That is, when the brake pad is not
separated at the speed other than zero, the control for
increasing the brake current is executed while outputting
the torque that approximates the speed to zero. If the
brake pad is separated by decreasing the brake torque
stepwise, the process proceeds to step S107 where the
process is kept stand-by until the operation command is
input while allowing the speed control unit to output the
torque to set the car speed to zero. The current command
generation increasing process executed by the brake
current command generation unit 33 ends to terminate
the series of process steps.

[0022] The above-described structure allows the un-
balance torque corresponding to the difference between
the car and the counterweight to be gradually activated
under the decreasing braking force resulting from the
brake slowly released by the elevator control unit. The
control unit subjects the torque command to the follow-
up control, which allows slow follow-up to the unbalance
torque without causing sharp torque change. This makes
it possible to make the acceleration change owing to
torque gentle. In the case of error in the weighing sensor
and the rotation sensor, the resultant shaking may be
suppressed.

[0023] The presentinvention is useful for the case that
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the magnetic pole position of the motor as the drive unit
is estimated for driving operation. In particular, so called
vector control is executed for the general torque control
or speed control of the motor as the permanent magnet
synchronous motor. As the above-described control
needs detection of the magnetic pole position of the syn-
chronous motor, the magnetic pole is detected by the
rotation sensor. The detection error of the rotation sensor
attached to the synchronous motor with respect to the
magnetic pole position may influence the compensation
torque. As aresult, the large detection error and the error
in estimation with respect to the magnetic pole position
through sensor-less driving operation may cause shak-
ing of the car.

[0024] The current value kept constant for the magnet-
ic pole position estimation is output immediately after ex-
ecution of step S101, and the brake is gradually released
by the control unit to bring the unbalance torque as the
difference between the car and the counterweight into
activated state under the weakening braking force. At
this time, the control unit subjects the torque command
to the follow-up control to allow slow follow-up to the un-
balance torque without causing sharp torque change.
This makes it possible to make the acceleration change
owing to torque gentle. In spite of torque inversion, large
torqueis notrequired, and shaking may be lessened with-
out generating high acceleration under the active braking
force. In the case of error in the weighing sensor and the
rotation sensor, it is possible to lessen shaking of the car.

List of Reference Signs
[0025]

2 elevator control unit

Claims
1. An elevator comprising:

a car;
adrive unitfor moving the car by rotating a rotary
body connected to the car;

a brake for applying a braking force to the rotary
body;

an elevator control unit for controlling an oper-
ation of the car;

a brake control unit for changing a brake torque
of the brake stepwise for releasing upon recep-
tion of a start signal of the elevator from the el-
evator control unit; and

a torque control unit for controlling a torque of
the drive unit to approximate the car speed to
zero upon reception of the start signal of the el-
evator from the elevator control unit.

2. Theelevatoraccordingto claim 1, further comprising
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a brake check switch for detecting a contact state
between the brake and the rotary body, wherein in

the case that the brake check switch detects sepa-
ration of the brake from the rotary body, the brake
control unit fully releases the brake from the rotary %
body.

The elevator according to claim 1, further comprising
a brake check switch for detecting a contact state
between the brake and the rotary body, whereinthe 70
brake check switch detects separation of the brake
from the rotary body, and the torque control unit con-
trols a torque of the drive unit to approximate the car
speed to zero until reception of an operation com-
mand from the elevator control unit. 15

The elevator according to claim 3, wherein the brake
control unit determines a brake control process of
gradually releasing the brake from the rotary body
based on information stored in a type information DB~ 20
of the brake control unit.

25

30

35

40

45

50

55



21

EP 3 287 403 A1

FIG. 1

§ 102
100 BRAKE CURRENT
2 CONTROL CIRCUIT 5
2 t 93 22
‘ ~ POWER , :
TORQUE CONVERTER MOTOR
CONTROL
ELEVATOR UNIT \
CONTROL 20 (01
UNIT o
BRAKE i
CONTROL \
UNIT :
CAR

\104



b R e L A e e e O O R e R i e s . i o ke e e e e, i e sene ke, ek S

2 23
/‘/ M imeemissessiiieielooili ./“"
| OPERATION ! 30 :
i SSIART ; SEEED. 32 ToRaUE
MMAL ,
T Tleodksna] ] doRG | comumto
PROCESSING
i | UNIT PROCESSING [+~
! : - UNIT :
| 5 ~ :
1 CAR SPEED, CAR SPEED :
, FEEDBACK | | _| DETECTION :
! § PROCESSING ;
| ! UNIT .
¥ [ i
i ] i
| | :
COMOTOR: eabiooacicliiiiiananiinin di Lo .
: ! < BRAKE
: i ; ,‘ BRAKE CURRENT
,‘ 5 —  CURRENT | COMMAND
! | COMMAND f——i—>
, ! GENERATION ;
; : UNIT :
i i
; ; P E
w
: E TYPE f
! a INFORMATION |
i ! '

EP 3 287 403 A1




EP 3 287 403 A1

TIME
TIME

o e e s i e i e AL e e " o o, i i e e i e e S i i e e e o i e s e I e i o e T e i

= L k|
Z i 5 - 3
% , - o
o b= o L
c wzg 4 wh & Wy & 55z
] Wl = b = = “l
<l <K = < o gos
© xx= ©  mE g xES
o= nE ox o2
00O =2 O 200
o O - o

TIME



EP 3 287 403

FIG. 4
(: START i)

IS OPERATION

S101

A1

NO

START COMMAND
: ON ?

NO

5102

NO

=

~ CAR SPEED V=02

YES 5103

INCREASE BRAKE CURRENT
COMMAND VALUE i*

S104

DECREASE IN BRAKE TORQUE
AS BRAKE CURRENT VARIES

S105

OUTPUT TORQUE TO ALLOW
SPEED CONTROL UNIT TO
SET SPEED TO ZERO

5106
IS BRAKE PAD
SEPARATED ?
YES
107
o~ S

KEPT IN STAND-BY STATE
UNTIL INPUT OF MOVEMENT
COMMAND WHILE ALLOWING
SPEED CONTROL UNIT TO
OUTPUT TORQUE TO SET
CAR SPEED TO ZERO

Cooms )




10

15

20

25

30

35

40

45

50

55

EP 3 287 403 A1

des

Européisches
Patentamt

European

I

Patent Office

ce européen
brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 17 18 1466

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X US 5 247 140 A (IWASA MASAO [JP] ET AL) 1-4 INV.
21 September 1993 (1993-09-21) B66B1/30
* abstract; figures 1-5 * B66B1/32
* column 4, Tine 49 - column 6, line 49 *
X CN 104 671 022 A (MITSUBISHI ELECTRIC 1-4

CORP) 3 June 2015 (2015-06-03)
* abstract; figures 1-4 *
* paragraphs [0100] - [0107] *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

B66B

Place of search

The Hague

Date of completion of the search

16 January 2018

Examiner

Bleys, Philip

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

10




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 287 403 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 17 18 1466

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

16-01-2018
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5247140 A 21-09-1993 JP HO496675 A 30-03-1992
JP HO780650 B2 30-08-1995
us 5247140 A 21-09-1993

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

1"



EP 3 287 403 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2015000796 A [0002]

12



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

