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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an electromag-
netic brake control apparatus that controls an excitation
state of a brake coil in an electromagnetic braking appa-
ratus such as an elevator braking apparatus, forexample.

BACKGROUND ART

[0002] In conventional electromagnetic braking appa-
ratuses, attempts have been made to reduce collision
noise that arises when an armature collides with an elec-
tromagnetic field during brake release using an excitation
current command means that increases a brake coil ex-
citation current command gradually until a preset value
is reached (see Patent Literature 1, for example).
[0003]

[Patent Literature 1] Japanese Patent Laid-Open No.
HEI 9-267982 (Gazette)

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] However, in conventional electromagnetic
braking apparatuses such as that described above, since
the brake coil excitation currentis merely increased grad-
ually, release action time becomes quite long if electro-
magnets are used that have a large time constant. Since
irregularities in gaps between the electromagnets and
the armature, irregularities in spring forces from braking
springs, irregularities in electromagnetic characteristics,
and age-related changes therein, etc., have also not
been taken into consideration, it has not been possible
to achieve stable reductions in collision noise.

[0005] The presentinvention aims to solve the above
problems and an object of the presentinvention is to pro-
vide an electromagnetic brake control apparatus that can
reduce collision noise stably during brake release while
suppressing lengthening of brake release action time,
and can perform a brake release action more reliably.

MEANS FOR SOLVING THE PROBLEM

[0006] In order to achieve the above object, according
to one aspect of the present invention, there is provided
an electromagnetic brake control apparatus thatincludes
a control apparatus main body that releases an electro-
magnetic braking apparatus by exciting a brake coil to
attract an armature to the brake coil, the electromagnetic
brake control apparatus being characterized in that: the
control apparatus main body can detect commencement
of a release action of the armature by attraction by the
brake coil and can ascertain a speed of the armature
during the release action, and changes an attractive force
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that arises in the brake coil while making the speed of
the armature track a preset target speed when com-
mencement of the release action is detected.

EFFECTS OF THE INVENTION

[0007] In an electromagnetic brake control apparatus
of this kind, because commencement of the release ac-
tion of the armature due to attraction by the brake coil is
detectable, and the speed of the armature during the re-
lease action is ascertainable, and the attractive force that
arises in the brake coil can be reduced while tracking the
speed of the armature to a preset target speed when
commencement of the release action is detected, colli-
sion noise can be reduced stably during brake release
in any electromagnetic braking apparatus while sup-
pressing lengthening of brake release action time. By
making the speed of the armature track the target speed,
the brake release action can also be performed more
reliably.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Figure 1is a schematic structural diagram that shows
an elevator apparatus according to Embodiment 1
of the present invention;

Figure 2 is a block diagram that shows a configura-
tion of a control apparatus main body from Figure 1;
Figure 3 is a flowchart that shows action of the control
apparatus main body from Figure 1 during brake re-
lease;

Figure 4 is a block diagram that shows a control ap-
paratus main body of an elevator apparatus accord-
ing to Embodiment 2 of the present invention; and
Figure 5is a flowchart that shows action of the control
apparatus main body from Figure 4 during brake re-
lease.

BEST MODE FOR CARRYING OUT THE INVENTION

[0009] Preferredembodiments ofthe presentinvention
will now be explained with reference to the drawings.

Embodiment 1

[0010] Figure 1is a schematic structural diagram that
shows an elevator apparatus according to Embodiment
1 of the present invention. In the figure, a car 1 and a
counterweight 2 are suspended inside a hoistway by a
main rope 3, and are raised and lowered inside the hoist-
way by a driving force from a hoisting machine 4.

[0011] Ahoisting machine 4 has: a drive sheave 5 onto
which a main rope 3 is wound; a motor 6 that rotates the
drive sheave 5; a brake drum 7 that functions as a brake
rotating body that is rotated together with the drive
sheave 5 together with motion of the car 1; and an elec-
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tromagnetic braking apparatus 8 that brakes rotation of
the first drive sheave 5.

[0012] The electromagnetic braking apparatus 8 has:
a brake shoe 9 that can be placed in contact with and
separated from the brake drum 7; an armature 10 that is
connected to the brake shoe 9; a braking spring 11 that
presses the brake shoe 9 against the brake drum 7; an
electromagnet 12 that is disposed so as to face the ar-
mature 10 and that generates electromagnetic attraction
that acts against the braking spring 11 and separates the
brake shoe 9 from the brake drum 7; and a release de-
tecting switch 13 that detects if the armature 10 has been
displaced to a fully released position. A brake coil 14 is
disposed on the electromagnet 12.

[0013] An excitation state of the brake coil 14 is con-
trolled by a control apparatus main body 15. A detection
signal from an electric current detector 16 for detecting
an electric current value (an actual current value) that is
passed to the brake coil 14 is input into the control ap-
paratus main body 15.

[0014] Figure 2 is a block diagram that shows a con-
figuration of the control apparatus main body 15 from
Figure 1. In the figure, a current command generating
portion 17 generates a current command for flowing a
current to the brake coil 14 as an initial command in re-
sponse to a brake release command. The current com-
mand from the current command generating portion 17
and the detection signal from the electric current detector
16 are input into a current control portion 18. The current
control portion 18 generates a voltage command for ap-
plying a voltage to the brake coil 14 such that the actual
current value in the brake coil 14 matches the value of
the current command.

[0015] The voltage command from the current control
portion 18 is input into the brake coil 14 by means of a
limiter 19. The value of the voltage command from the
current control portion 18 is differentiated by a differen-
tiating portion 20, and is input into a release action de-
tecting portion 21. In addition, the voltage command from
the current control portion 18 and the detection signal
from the electric current detector 16 are input into an
armature speed calculating portion 22.

[0016] The release action detecting portion 21 detects
commencement of a release action (displacement) of the
armature 10 by comparing output from the differentiating
portion 20 with a preset threshold value. Specifically, the
release action detecting portion 21 detects the release
action of the armature 10 based on time variations in the
value of the voltage command.

[0017] When the release action of the armature 10 is
detected, that information is input into the armature
speed calculating portion 22, a command value adjusting
portion 23, and a control time detecting portion 24 from
the release action detecting portion 21.

[0018] The armature speed calculating portion 22 cal-
culates a value for speed of the armature 10 after the
release action based on information from each of the
release action detecting portion 21, the current control
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portion 18, and the electric current detector 16 and sends
it to a speed compensating portion 25. Specifically, the
armature speed calculating portion 22 calculates the val-
ue of the speed of the armature 10 based on both the
value of the voltage command and the actual current val-
ue of the brake coil 14 when commencement of the re-
lease action is detected by the release action detecting
portion 21.

[0019] The speed compensating portion 25 sends a
signal to the command value adjusting portion 23 that
corresponds to a difference between output from the ar-
mature speed calculating portion 22 and a preset target
speed. The target speed is set so as to reduce the speed
immediately before the armature 10 contacts the elec-
tromagnet 12.

[0020] Based oninformation from both the release ac-
tion detecting portion 21 and the speed compensating
portion 25, the command value adjusting portion 23
changes the value of the current command (the initial
command) that the current command generating portion
17 has generated and sends it to the current control por-
tion 18. Specifically, the command value adjusting por-
tion 23 changes the value of the current command (the
initial command) such that output from the speed com-
pensating portion 25 is reduced when commencement
of the release action is detected by the release action
detecting portion 21. In other words, when commence-
ment of the release action is detected, the command val-
ue adjusting portion 23 changes the attractive force that
is generated in the brake coil 14 while making the speed
ofthe armature 10 track the target speed. In this example,
when commencement of the release action is detected,
the attractive force that is generated in the brake coil 14
is reduced more than before commencement of the re-
lease action.

[0021] The control time detecting portion 24 counts
time from the commencement of the release action of
the armature 10 (control time). A timer 26 also counts
time from when excitation of the brake coil 14 is com-
menced in response to a brake release command.
[0022] The control apparatus main body 15 stops ad-
justment of the current command by the command value
adjusting portion 23 and generates a pre-reduction at-
tractive force in the brake coil 14 when a preset time Tend
elapses from the commencement of excitation of the
brake coil 14. The control apparatus main body 15 also
stops adjustment of the current command by the com-
mand value adjusting portion 23 and generates a pre-
reduction attractive force in the brake coil 14 when a pre-
set time Te,q elapses from commencement of the re-
lease action of the armature 10.

[0023] The controlapparatus main body 15 is disposed
on an elevator control apparatus that controls running of
the car 1. The elevator control apparatus includes a con-
trol board (not shown) that has: a data processing portion
(CPU); a storage portion (ROM, RAM, hard disk, etc.);
and a signal input-output portion. The functions of the
control apparatus main body 15 are implemented by this
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control board. For that purpose, programs for implement-
ing the above functions are stored in the storage portion
of the control board.

[0024] Next, action will be explained. Figure 3is a flow-
chart that shows action of the control apparatus main
body 15 from Figure 1 during brake release. When doors
ofthe car 1 are closed and preparation forthe commence-
ment of raising or lowering is completed, a brake release
command is input into the control apparatus main body
15. An initial command | is thereby sent from the current
command generating portion 17 to the command value
adjusting portion 23 as a current command. Then, when
the initial command I is input into the command value
adjusting portion 23, the value of the initial command |,
is output without modification from the command value
adjusting portion 23 as a value |, of the current command
(Step S1). The timer 26 is reset simultaneously, and
counting of time T from the commencement of excitation
is commenced (Step S2).

[0025] Next, a voltage command is generated by the
current control portion 18 such that the actual current
value | of the brake coil 14 matches the value I, of the
current command (Step S3). Here, if we let proportional
gain be Kp, and integrated gain be K;, then the value u
of the voltage command can be obtained from the follow-
ing expression, for example:

u =Kol - 1) + Keef(l, - )it (1)

[0026] Here, for circuit protection, the voltage com-
mand that is input into the brake coil 14 is limited to less
than an upper limit u,,, in the limiter 19 (0 < u < uy5)-
[0027] When the voltage command is input into the
brake coil 14, the actual current | to the coil is increased
at a certain time constant, and the value u of the voltage
command is gradually reduced in accordance with Ex-
pression (1).

[0028] Then, when the actual current to the coil is in-
creased and the attractive force that is generated in the
brake coil 14 subsequently overcomes the spring force
from the braking spring 11, the release action of the ar-
mature 10 is commenced. At this point, an inductive elec-
tromotive force is generated in a direction that impedes
flux change (in this case, in a direction in which the volt-
age command increases). Consequently, during com-
mencement of the release action of the armature 10, the
differentiated value that is output from the differentiating
portion 20 shifts from negative to positive.

[0029] The differentiated value that is found by the dif-
ferentiating portion 20 is compared with a preset thresh-
old value a (> 0) by the release action detecting portion
21 (Step S4). When the differentiated value exceeds the
threshold value a, a release action commencement de-
tection signal is output by the release action detecting
portion 21. The control time detecting portion 24 is there-
by reset, and counting of time T, from the commence-
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ment of the release action of the armature 10 is com-
menced (Step S5). Moreover, at that point, time T from
the commencement of excitation is T + 3T.

[0030] When the armature speed calculating portion
22 receives the release action commencement detection
signal, speed V; of the armature 10 is calculated by the
armature speed calculating portion 22 based on the value
u of the voltage command and the actual current value |
of the brake coil 14 (Step S6). Here, if we let an induct-
ance model value be L, a coil resistance value be R, and
a correction factor be K, then the speed Vg of the ar-
mature 10 can be obtained from the following expression,
for example:

Vest = Knfu - Rel - Ledl/dt} 2)

[0031] The output from the armature speed calculating
portion 22 is sent to the speed compensating portion 25.
A corrected current §;, which is a signal that corresponds
to a difference between the speed V; of the armature
10 and a preset target speed value V,, is thereby output
by the speed compensating portion 25 (Step S7). Here,
if we let a feedback coefficient be K;, then the corrected
current §; can be obtained from the following expression,
for example:

O = Ki(Vo - Vest) (3)

[0032] When the command value adjusting portion 23
subsequently receives the corrected current 5;, the value
Ip of the current command is revised from the initial com-
mand value |y by the command value adjusting portion
23 so as to be smaller than the corrected current 5; (Step
S8). Here, the value Ip of the current command after re-
vision can be obtained from the following expression, for
example:

Ip = lo - O (4)

[0033] When the value I, of the current command is
revised, the value u of the voltage command is revised
in response to the value Ip of the current command by
the current control portion 18 (Step S9). The electric cur-
rentvalue is thereby reduced in such a way that the speed
Vot Of the armature 10 tracks the preset target speed V,
after commencement of the release action of the arma-
ture 10. Consequently, impact force and collision noise
are reduced when the armature 10 collides with the elec-
tromagnet 12. In contrast to that, the time until com-
mencement of the release action is minimized by flowing
current at a performance limit of the power source and
the brake coil 14 until the armature 10 commences the
release action. Moreover, for circuit protection, the volt-
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age command that is input into the brake coil 14 is also
limited here to less than an upper limit U,,,,, in the limiter
19 (0 < U < Upygw)-

[0034] After the value u of the voltage command has
been revised in response to the reduction in the value Ip
of the current command, time T from the commencement
of excitation is monitored to see whether it has reached
Tend (Step S10), and time T, from the commencement
of the release action is monitored to see whether it has
reached T.g,q (Step S11). If either of the conditions T >
Teng OF Tg > Teenq is satisfied, then the value I, of the
currentcommand is returned to the initial command value
I regardless of the state of the release action (Step S12).
[0035] Thereleasedetecting switch 13is subsequently
monitored to see whether it is switched on. When the
release detecting switch 13 is switched on, it is deemed
that the armature 10 has displaced to the released posi-
tion and the release action has been completed, and the
value Ip of the current command is switched to a holding
current command value.

[0036] In an electromagnetic brake control apparatus
of this kind, because commencement of the release ac-
tion of the armature 10 due to attraction by the brake coil
14 is detectable, and the speed of the armature 10 during
the release action is ascertainable, and the attractive
force that arises in the brake coil 14 can be changed
while tracking the speed of the armature 10 to a preset
target speed when commencement of the release action
is detected, collision noise can be reduced stably during
brake release in any electromagnetic braking apparatus
while suppressing lengthening of brake release action
time. By making the speed of the armature 10 track the
target speed, the brake release action can also be per-
formed more reliably.

[0037] Because the control apparatus main body 15
has: an armature speed calculating portion 22 that cal-
culates the speed of the armature 10 based on both the
actual current value of the brake coil 14 and the value of
the voltage command from the current control portion 18;
and a speed compensating portion 25 that generates a
corrected current that corresponds to a difference be-
tween the speed of the armature 10 and the preset target
speed, the speed of the armature 10 can be ascertained
easily. The speed of the armature 10 can also be made
to track the target speed easily by controlling the value
of the voltage command so as to reduce the corrected
current.

[0038] Because the control apparatus main body 15
also has: a current command generating portion 17 that
generates a current command in response to a brake
release command; a current control portion 18 that gen-
erates a voltage command in such a way that the actual
current value of the brake coil 14 matches the value of
the currentcommand; and arelease action detecting por-
tion 21 that detects the release action of the armature 10
based on changes in the value of the voltage command,
commencement of the release action of the armature 10
can be detected more reliably and easily.
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[0039] Because the value of the voltage command
from the current control portion 18 is differentiated by the
differentiating portion 20, and commencement of the re-
lease action is detected in the release action detecting
portion 21 by comparing output from the differentiating
portion 20 with a preset threshold value, commencement
of the release action can be detected more reliably and
easily. Moreover, detection of the release action of the
armature 10 may also be performed by a sensor that can
continuously detect action (displacement) of the arma-
ture 10.

[0040] Because the control apparatus main body 15
generates a pre-reduction attractive force in the brake
coil 14 when a preset time Tend elapses from the com-
mencement of excitation of the brake coil 14, the brake
release action can be performed even more reliably even
if an abnormality arises in the control that reduces the
attractive force, enabling reliability to be improved further.
[0041] Because the control apparatus main body 15
generates a pre-reduction attractive force in the brake
coil 14 when a preset time T4 €lapses from the com-
mencement of the release action of the armature 10, the
release action can thereby also be performed even more
reliably, enabling reliability to be improved further.

Embodiment 2

[0042] Next, Figure 4 is a block diagram that shows a
control apparatus main body of an elevator apparatus
according to Embodiment 2 of the present invention. In
Embodiment 1, the attractive force in the brake coil 14
was controlled by generating a current command, but in
Embodiment 2, an attractive force in a brake coil 14 is
controlled by generating a voltage command.

[0043] In the figure, a voltage command generating
portion 31 generates a voltage command for applying a
voltage to the brake coil 14 as an initial command in re-
sponse to a brake release command. The voltage com-
mand is input into the brake coil 14 by means of a com-
mand value adjusting portion 36 and a limiter 19. A coil
actual current value that is detected by an electric current
detector 16 is differentiated by a differentiating portion
32 and input into a release action detecting portion 33.
The voltage command from the command value adjust-
ing portion 36 and the coil actual current value from the
electric current detector 16 are input into an armature
speed calculating portion 34.

[0044] The release action detecting portion 33 detects
commencement of a release action of the armature 10
by comparing output from the differentiating portion 32
with a preset threshold value. Specifically, the release
action detecting portion 33 detects the release action of
the armature 10 based on time variations in the coil actual
current value.

[0045] When the release action of the armature 10 is
detected, that information is input into the armature
speed calculating portion 34, the command value adjust-
ing portion 36, and a control time detecting portion 24
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from the release action detecting portion 33.

[0046] The armature speed calculating portion 34 cal-
culates a value for speed of the armature 10 after the
release action based on information from each of the
release action detecting portion 33, the command value
adjusting portion 36, and the electric current detector 16
and sends it to a speed compensating portion 35. Spe-
cifically, the armature speed calculating portion 34 cal-
culates the value of the speed of the armature 10 based
on both the value of the voltage command and the actual
current value of the brake coil 14 when commencement
of the release action is detected by the release action
detecting portion 33. The speed compensating portion
35 sends a signal to the command value adjusting portion
36 that corresponds to a difference between output from
the armature speed calculating portion 34 and a preset
target speed.

[0047] Based oninformation from both the release ac-
tion detecting portion 33 and the speed compensating
portion 35, the command value adjusting portion 36
changes the value of the voltage command (the initial
command) that the voltage command generating portion
31 has generated and sends it to the limiter 19. Specifi-
cally, the command value adjusting portion 36 changes
the value of the voltage command (the initial command)
such that output from the speed compensating portion
35is reduced when commencement of the release action
is detected by the release action detecting portion 33. In
other words, when commencement of the release action
is detected, the command value adjusting portion 36
changes the attractive force thatis generated in the brake
coil 14 while making the speed of the armature 10 track
the target speed. In this example, when commencement
of the release action is detected, the attractive force that
is generated in the brake coil 14 is reduced more than
before commencement of the release action.

[0048] The control time detecting portion 24 counts
time from the commencement of the release action of
the armature 10 (control time). A timer 26 also counts
time from when excitation of the brake coil 14 is com-
menced in response to a brake release command.
[0049] The control apparatus main body 15 stops ad-
justment of the voltage command by the command value
adjusting portion 36 and generates a pre-reduction at-
tractive force in the brake coil 14 when a preset time Tgq
elapses from the commencement of excitation of the
brake coil 14. The control apparatus main body 15 also
stops adjustment of the voltage command by the com-
mand value adjusting portion 36 and generates a pre-
reduction attractive force in the brake coil 14 when a pre-
set time T.g,q €lapses from commencement of the re-
lease action of the armature 10.

[0050] Moreover, the overall configuration of the ele-
vator apparatus is similar to that of Embodiment 1 (Figure
1).

[0051] Next, action will be explained. Figure 5is a flow-
chart that shows action of the control apparatus main
body 15 from Figure 4 during brake release. When doors
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ofthe car 1 are closed and preparation for the commence-
ment of raising or lowering is completed, a brake release
command is input into the control apparatus main body
15. Aninitial command ug is thereby sentfrom the voltage
command generating portion 31 to the command value
adjusting portion 36 as a voltage command. Then, when
the initial command uy, is input into the command value
adjusting portion 36, the value of the initial command uy,
is output without modification from the command value
adjusting portion 36 as a value u of the voltage command
(Step S31). The timer 26 is reset simultaneously, and
counting of time T from the commencement of excitation
is commenced (Step S32).

[0052] For circuit protection, the voltage command that
is input into the brake coil 14 is limited to less than an
upper limit u,, 5, in the limiter 19 (0 <u < u,,,) (Step S33).
When the voltage command is input into the brake coil
14, the actual current | to the coil is increased at a certain
time constant.

[0053] Then, when the attractive force that is generat-
ed in the brake coil 14 subsequently overcomes the
spring force from the braking spring 11, the release action
of the armature 10 is commenced. At this point, an in-
ductive electromotive force is generated in a direction
that impedes flux change (in this case, in a direction in
which the current value decreases). Consequently, dur-
ing commencement of the release action of the armature
10, the differentiated value that is output from the differ-
entiating portion 32 shifts from positive to negative.
[0054] The differentiated value that is found by the dif-
ferentiating portion 32 is compared with a preset thresh-
old value a (< 0) by the release action detecting portion
33 (Step S34). When the differentiated value becomes
less than the threshold value a, a release action com-
mencement detection signal is output by the release ac-
tion detecting portion 33. The control time detecting por-
tion 24 is thereby reset, and counting of time T from the
commencement of the release action of the armature 10
is commenced (Step S35).

[0055] When the armature speed calculating portion
34 receives the release action commencement detection
signal, speed V; of the armature 10 is calculated by the
armature speed calculating portion 34 based on the value
u of the voltage command and the actual current value |
of the brake coil 14 (Step S36). Here, if we let an induct-
ance model value be L, a coil resistance value be R, and
a correction factor be K, then the speed Vg of the ar-
mature 10 can be obtained from the following expression,
for example:

Vst = Ko{u - Rel - Ledl/dt} (5)

[0056] The output from the armature speed calculating
portion 34 is sent to the speed compensating portion 35.
A corrected voltage §,, which is a signal that corresponds
to a difference between the speed V; of the armature
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10 and a preset target speed value V,, is thereby output
by the speed compensating portion 35 (Step S37). Here,
if we let a feedback coefficient be K|, then the corrected
voltage &, can be obtained from the following expression,
for example:

Oy = Ki(Vo - Vest) (6)

[0057] When the command value adjusting portion 36
subsequently receives the corrected voltage §,,, the value
u of the voltage command is revised from the initial com-
mand value ug by the command value adjusting portion
23 so as to be smaller than the corrected voltage §,, (Step
S38). Here, the value u of the voltage command after
revision can be obtained from the following expression,
for example:

U=U0'6u

(7)

[0058] Inother words, because the electric current val-
ue is reduced in such a way that the speed V; of the
armature 10 tracks the preset target speed V, after com-
mencement of the release action of the armature 10, im-
pact force and collision noise are reduced when the ar-
mature 10 collides with the electromagnet 12. In contrast
to that, the time until commencement of the release action
is minimized by applying a voltage at a performance limit
of the power source and the brake coil 14 until the arma-
ture 10 commences the release action. Moreover, for cir-
cuit protection, the voltage command that is input into
the brake coil 14 is also limited here to less than an upper
limit U, 5 in the limiter 19 (0 < U < u,,,) (Step S39).
[0059] After the value u of the voltage command has
been revised, time T from the commencement of excita-
tion is monitored to see whetherithas reached T4 (Step
S40), and time T from the commencement of the release
action is monitored to see whether it has reached T¢q
(Step S41). If either of the conditions T > Tend or T, >
Teeng is satisfied, then the value u of the voltage com-
mand is returned to the initial command value u, regard-
less of the state of the release action (Step S42).
[0060] Thereleasedetecting switch 13is subsequently
monitored to see whether it is switched on. When the
release detecting switch 13 is switched on, it is deemed
that the armature 10 has displaced to the released posi-
tion and the release action has been completed, and the
value u of the voltage command is switched to a holding
voltage command value.

[0061] In an electromagnetic brake control apparatus
of this kind, because commencement of the release ac-
tion of the armature 10 due to attraction by the brake coil
14 is detectable, and the speed of the armature 10 during
the release action is ascertainable, and the attractive
force that arises in the brake coil 14 can be reduced while
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tracking the speed of the armature 10 to a preset target
speed when commencement of the release action is de-
tected, collision noise can be reduced stably during brake
release in any electromagnetic braking apparatus while
suppressing lengthening of brake release action time. By
making the speed of the armature 10 track the target
speed, the brake release action can also be performed
more reliably.

[0062] Because the control apparatus main body 15
has: an armature speed calculating portion 34 that cal-
culates the speed of the armature 10 based on both the
actual current value of the brake coil 14 and the value of
the voltage command from the command value adjusting
portion 36; and a speed compensating portion 35 that
generates a corrected voltage that corresponds to a dif-
ference between the speed of the armature 10 and the
target speed, the speed of the armature 10 can be as-
certained easily even using voltage control. The speed
of the armature 10 can also be made to track the target
speed easily by controlling the value of the voltage com-
mand so as to reduce the corrected voltage.

[0063] Because the control apparatus main body 15
also has: a voltage command generating portion 31 that
generates a voltage command in response to a brake
release command; and a release action detecting portion
33 that detects the release action of the armature 10
based on changes in the actual current value of the brake
coil 14, commencement of the release action of the ar-
mature 10 can be detected more reliably and easily even
using voltage control.

[0064] Because the value of the voltage command
from the command value adjusting portion 36 is differen-
tiated by the differentiating portion 32, and commence-
ment of the release action is detected in the release ac-
tion detecting portion 33 by comparing output from the
differentiating portion 32 with a preset threshold value,
commencement of the release action can be detected
more reliably and easily.

[0065] Moreover, in each of the above embodiments,
an electromagnetic brake control apparatus on an ele-
vator apparatus has been explained, but the present in-
vention can also be applied to electromagnetic brake
control apparatuses that are disposed on other machin-
ery.

[0066] In Figure 1, a type of electromagnetic braking
apparatus is shown in which a brake shoe 9 presses
against an outer circumferential surface of a brake drum
7, but may also be a type in which a brake shoe presses
against an inner circumferential surface of a brake drum.
[0067] Inaddition, the brake rotating body may also be
a brake disk. In other words, the present invention may
also be applied to disc brakes.

[0068] The brake rotating body may also be integrated
with a drive sheave.
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Claims

An electromagnetic brake control apparatus that
comprises a control apparatus main body (15) that
releases an electromagnetic braking apparatus (8)
by exciting a brake coil (14) to attract an armature
(10) to the brake coil (14),

the electromagnetic brake control apparatus being
characterized in that:

the control apparatus main body (15) can detect
commencement of a release action of the arma-
ture (10) by attraction by the brake coil (14) and
can ascertain a speed of the armature (10) dur-
ing therelease action, and changes an attractive
force that arises in the brake coil (14) while mak-
ing the speed of the armature (10) track a preset
target speed when commencement of the re-
lease action is detected.

2. Anelectromagnetic brake control apparatus accord-

ing to Claim 1, characterized in that the control ap-
paratus main body (15) comprises:

a current command generating portion (17) that
generates a current command for flowing an
electric current to the brake coil (14) inresponse
to a brake release command;

a current control portion (18) that generates a
voltage command for applying a voltage to the
brake coil (14) such that an actual current value
of the brake coil (14) matches a value of the
current command;

a release action detecting portion (21) that de-
tects the release action of the armature (10)
based onachange in a value of the voltage com-
mand;

an armature speed calculating portion (22) that
calculates the speed of the armature (10) based
on both the actual current value of the brake coil
(14) and the value of the voltage command;

a speed compensating portion (25) that gener-
ates a signal that corresponds to a difference
between the speed of the armature (10) that has
been calculated by the armature speed calcu-
lating portion (22) and the target speed; and

a command value adjusting portion (23) that
changes the value of the current command
based on information from both the release ac-
tion detecting portion (21) and the speed com-
pensating portion (25).

3. Anelectromagnetic brake control apparatus accord-

ing to Claim 2, characterized in that:

the control apparatus main body (15) further
comprises a differentiating portion (20) that dif-
ferentiates the value of the voltage command;
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and

the release action detecting portion (21) detects
commencement of the release action by com-
paring output from the differentiating portion (21)
with a preset threshold value.

4. An electromagnetic brake control apparatus accord-

ing to Claim 1, characterized in that the control ap-
paratus main body (15) comprises:

a voltage command generating portion (31) that
generates a voltage command for applying a
voltage to the brake coil (14) in response to a
brake release command;

a release action detecting portion (33) that de-
tects the release action of the armature (10)
based on a change in an actual current value of
the brake coil (14);

an armature speed calculating portion (34) that
calculates the speed of the armature (10) based
on both the actual current value of the brake coil
(14) and the value of the voltage command;

a speed compensating portion (35) that gener-
ates a signal that corresponds to a difference
between the speed of the armature (10) that has
been calculated by the armature speed calcu-
lating portion (34) and the target speed; and

a command value adjusting portion (36) that
changes the value of the voltage command
based on information from both the release ac-
tion detecting portion (33) and the speed com-
pensating portion (35).

5. Anelectromagnetic brake control apparatus accord-

ing to Claim 4, characterized in that:

the control apparatus main body (15) further
comprises a differentiating portion (32) that dif-
ferentiates the actual current value of the brake
coil (14); and

the release action detecting portion (33) detects
commencement of the release action by com-
paring output from the differentiating portion (32)
with a preset threshold value.

An electromagnetic brake control apparatus accord-
ing to Claim 1, characterized in that the control ap-
paratus main body (15) generates a pre-reduction
attractive force in the brake coil (14) when a preset
time elapses from commencement of excitation of
the brake coil (14).

An electromagnetic brake control apparatus accord-
ing to Claim 1, characterized in that the control ap-
paratus main body (15) generates a pre-reduction
attractive force in the brake coil (14) when a preset
time elapses from commencement of the release ac-
tion of the armature (10).
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Patentanspriiche 3. Elektromagnetische Bremssteuervorrichtung nach
Anspruch 2, dadurch gekennzeichnet, dass:

1. Elektromagnetische Bremssteuervorrichtung, wel-
che einen Steuervorrichtungs-Hauptkérper (15) um-
fasst, welcher eine elektromagnetische Bremsvor- 5
richtung (8) durch Anregen einer Bremsspule (14)
zum Anziehen einer Armatur (10) an die Bremsspule
(14) 16st, wobei die elektromagnetische Bremssteu-
ervorrichtung dadurch gekennzeichnet ist, dass:

der Steuervorrichtungs-Hauptkdrper (15) ferner
einen Differenzierungsabschnitt (20) umfasst,
welcher die Werte des Spannungsbefehls diffe-
renziert; und
der Lésungsvorgangserfassungsabschnitt (21)
einen Beginn des Lésungsvorgangs durch Ver-
10 gleichen des Ausgangs des Differenzierungs-
abschnitts (21) mit einem voreingestellten
Schwellwert erfasst.

der Steuervorrichtungs-Hauptkérper (15) einen
Beginn eines Ldsungsvorgangs der Armatur
(10) durch Anziehen durch die Bremsspule (14)
erfassen kann und eine Geschwindigkeit der Ar-
matur (10) wahrend des Lésungsvorgangs si- 15
cherstellen kann, und eine Anziehungskraft,

4. Elektromagnetische Bremssteuervorrichtung nach
Anspruch 1, dadurch gekennzeichnet, dass der
Steuervorrichtungs-Hauptkorper (15) umfasst:

welche in der Bremsspule (14) auftritt, andert,
wahrend verursacht wird, dass die Geschwin-
digkeit der Armatur (10) einer voreingestellten

einen Spannungsbefehlserzeugungsabschnitt
(31), welcher einen Spannungsbefehl zum An-

Zielgeschwindigkeit folgt, wenn ein Beginn des 20 wenden einer Spannung auf die Bremsspule
Lésungsvorgangs erfasst wird. (14) in Antwort auf einen Bremslésungsvorgang
erzeugt;

2. Elektromagnetische Bremssteuervorrichtung nach einen  L&sungsvorgangserfassungsabschnitt
Anspruch 1, dadurch gekennzeichnet, dass der (23), welcher den Lésungsvorgang der Armatur
Steuervorrichtungs-Hauptkérper (15) umfasst: 25 (10) basierend auf einer Anderung in einem tat-

sachlichen Stromwert der Bremsspule (14) er-
einen Strombefehlserzeugungsabschnitt (17), fasst;
welcher einen Strombefehl zum FlieRen eines einen Armaturgeschwindigkeitsberechnungs-
elektrischen Stroms in die Bremsspule (14) in abschnitt (34), welcher die Geschwindigkeit der
Antwort auf einen Bremsldsungsbefehl erzeugt; 30 Armatur (10) basierend auf sowohl dem tatsach-
einen Stromsteuerabschnitt (18), welcher einen lichen Stromwert der Bremsspule (14) als auch
Spannungsbefehl zum Anwenden einer Span- dem Wert des Spannungsbefehls berechnet;
nung auf die Bremsspule (14) erzeugt, sodass einen Geschwindigkeitskompensationsab-
ein tatsachlicher Stromwert der Bremsspule schnitt (35), welcher ein Signal erzeugt, welches
(14) mit einem Wert des Strombefehls tUberein- 35 einer Differenz zwischen der Geschwindigkeit
stimmt; der Armatur (10), welche durch den
einen  L&sungsvorgangserfassungsabschnitt Armaturgeschwindigkeitsberechnungsab-
(21), welcher den Lésungsvorgang der Armatur schnitt (34) berechnet wurde, und der Zielge-
(10) erfasst, basierend auf einer Anderung in schwindigkeit entspricht; und
einem Wert des Spannungsbefehls; 40 einen Befehlswertanpassungsabschnitt (36),
einen Armaturgeschwindigkeitsberechnungs- welcher den Wert des Spannungsbefehls basie-
abschnitt (22), welcher die Geschwindigkeit der rend auf Informationen von sowohl dem
Armatur (10) basierend auf sowohl dem tatsach- Lésungsvorgangserfassungsabschnitt (33) als
lichen Stromwert der Bremsspule (14) als auch auch dem Geschwindigkeitskompensationsab-
dem Wert des Spannungsbefehls berechnet; 45 schnitt (35) andert.
einen Geschwindigkeitskompensationsab-
schnitt (25), welcher ein Signal erzeugt, das ei- 5. Elektromagnetische Bremssteuervorrichtung nach
ner Differenz zwischen der Geschwindigkeit der Anspruch 4, dadurch gekennzeichnet, dass:
Armatur (10), welche durch den
Armaturgeschwindigkeitsberechnungsab- 50 der Steuervorrichtungs-Hauptkdrper (15) ferner
schnitt (22) berechnet wurde, und der Zielge- einen Differenzierungsabschnitt (32) umfasst,
schwindigkeit entspricht; und welcher den tatsachlichen Stromwert der
einen Befehlswertanpassungsabschnitt (23), Bremsspule (14) differenziert; und
welcher den Wert des Strombefehls &ndert, ba- der Lésungsvorgangserfassungsabschnitt (33)
sierend auf Information von sowohl dem 55 ein Beginndes Lésungsvorgangs durch Verglei-

Lésungsvorgangserfassungsabschnitt (21) als
auch dem Geschwindigkeitskompensationsab-
schnitt (25).

chen des Ausgangs des Differenzierungsab-
schnitts (32) mit einem voreingestellten
Schwellwert erfasst.
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Elektromagnetische Bremssteuervorrichtung nach
Anspruch 1, dadurch gekennzeichnet, dass der
Steuervorrichtungs-Hauptkérper (15) eine Vorre-
duktionsanziehungskraft in der Bremsspule (14) er-
zeugt, wenn eine vorbestimmte Zeit vom Beginn der
Anregung der Bremsspule (14) ablauft.

Elektromagnetische Bremssteuervorrichtung nach
Anspruch 1, dadurch gekennzeichnet, dass der
Steuervorrichtungs-Hauptkérper (15) eine Vorre-
duktionsanziehungskraft in der Bremsspule (14) er-
zeugt, wenn eine vorbestimmte Zeit vom Beginn des
Lésungsvorgangs der Armatur (10) ablauft.

Revendications

Appareil de commande de frein électromagnétique
qui comprend un corps principal d’appareil de com-
mande (15) qui libere un appareil de freinage élec-
tromagnétique (8) en excitant une bobine de frein
(14) pour attirer une armature (10) vers la bobine de
frein (14),

I'appareil de commande de frein électromagnétique
étant caractérisé en ce que :

le corps principal d’appareil de commande (15)
peut détecterle commencement d’'une action de
libération de I'armature (10) par I'attraction par
la bobine de frein (14) et peut établir une vitesse
de I'armature (10) pendant I'action de libération,
et modifie une force d’attraction qui apparait
dans la bobine de frein (14) tout en amenant la
vitesse de I'armature (10) a suivre une vitesse
cible prédéterminée lorsque le commencement
de l'action de libération est détecté.

Appareil de commande de frein électromagnétique
selon la revendication 1, caractérisé en ce que le
corps principal d’appareil de commande (15)
comprend :

une partie de génération de commande de cou-
rant (17) qui génere une commande de courant
pour faire circuler un courant électrique vers la
bobine de frein (14) en réponse a une comman-
de de libération de frein ;

une partie de commande de courant (18) qui
génére une commande de tension pour appli-
quer une tension a la bobine de frein (14) de
sorte qu’une valeur de courant réelle de la bo-
bine de frein (14) corresponde a une valeur de
la commande de courant ;

une partie de détection d’action de libération
(21) qui détecte I'action de libération de I'arma-
ture (10) sur la base d’'une modification d’'une
valeur de la commande de tension ;

une partie de calcul de vitesse d’armature (22)
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10

qui calcule la vitesse de I'armature (10) a la fois
sur la base de la valeur de courant réelle de la
bobine de frein (14) et de la valeur de la com-
mande de tension ;

une partie de compensation de vitesse (25) qui
géneére un signal qui correspond a une différen-
ce entre la vitesse de I'armature (10) qui a été
calculée par la partie de calcul de vitesse d’ar-
mature (22) et la vitesse cible ; et

une partie d’ajustement de valeur de commande
(23) qui modifie la valeur de la commande de
courant sur la base d’informations provenant a
la fois de la partie de détection d’action de libé-
ration (21) et de la partie de compensation de
vitesse (25).

3. Appareil de commande de frein électromagnétique

selon la revendication 2, caractérisé en ce que :

le corps principal d’appareil de commande (15)
comprend en outre une partie de différentiation
(20) qui différentie la valeur de la commande de
tension ; et

la partie de détection d’action de libération (21)
détecte le commencement de I'action de libéra-
tion en comparant la sortie de la partie de diffé-
rentiation (21) avec une valeur de seuil prédé-
terminée.

Appareil de commande de frein électromagnétique
selon la revendication 1, caractérisé en ce que le
corps principal d’appareil de commande (15)
comprend :

une partie de génération de commande de ten-
sion (31) qui génére une commande de tension
pour appliquer une tension a la bobine de frein
(14) en réponse a une commande de libération
de frein ;

une partie de détection d’action de libération
(33) qui détecte I'action de libération de 'arma-
ture (10) sur la base d’une modification d’'une
valeur de courant réelle de la bobine de frein
(14);

une partie de calcul de vitesse d’armature (34)
qui calcule la vitesse de I'armature (10) a la fois
sur la base de la valeur de courant réelle de la
bobine de frein (14) et de la valeur de la com-
mande de tension ;

une partie de compensation de vitesse (35) qui
géneére un signal qui correspond a une différen-
ce entre la vitesse de I'armature (10) qui a été
calculée par la partie de calcul de vitesse d’ar-
mature (34) et la vitesse cible ; et

une partie d’ajustement de valeur de commande
(36) qui modifie la valeur de la commande de
tension sur la base d’informations provenant a
la fois de la partie de détection d’action de libé-



19 EP 2 096 071 B1

ration (33) et de la partie de compensation de
vitesse (35).

5. Appareil de commande de frein électromagnétique
selon la revendication 4, caractérisé en ce que : 5

le corps principal d’appareil de commande (15)
comprend en outre une partie de différentiation
(32) qui différentie la valeur de courant réelle de
la bobine de frein (14) ; et 10
la partie de détection d’action de libération (33)
détecte le commencement de I'action de libéra-
tion en comparant la sortie de la partie de diffé-
rentiation (32) avec une valeur de seuil prédé-
terminée. 15

6. Appareil de commande de frein électromagnétique
selon la revendication 1, caractérisé en ce que le
corps principal d’appareil de commande (15) génére
une force d’attraction de préréduction dans labobine 20
de frein (14) lorsqu’'un temps prédéterminé s’est
écoulé depuis le commencement de I'excitation de
la bobine de frein (14).

7. Appareil de commande de frein électromagnétique 25
selon la revendication 1, caractérisé en ce que le
corps principal d’appareil de commande (15) génére
une force d’attraction de préréduction dans la bobine
de frein (14) lorsqu’'un temps prédéterminé s’est
écoulé depuis le commencement de I'action de libé- 30
ration de I'armature (10).

35

40

45

50

55

1"



EP 2 096 071 B1

FIG. 1

.

©o ]

Control apparatus

main hody )

8
}
3

)

1164 ~ ‘{:/

2 10

12



EP 2 096 071 B1

zz T4
INTHHND { §
00 VNIV [ NOIL"Od NOILHOd
! omz%ﬁr\aow/o ] FHNIVANY a33ds
NOILdOd
! Y€ ™oNiL53130
JNIL
T08.LNOD
NOILEOd
i ONIVIL |—-{ONiLo3Laa) §
91 MACIEES Y] B I NV PN Ll
w (N 6} o S w
‘ | ¥4 NOILYOd NOILYOd
"INaino || 192 L+ Tuammm TONINO ONILSNrQY ONLYHENIO|
” aNVAWOD GNYINNOD ONVINOD
S ,” JOVLI0A »zwmm:mo IN3¥HND mNz<s_§oo WILING - [ ANTHHENO
8l €z
INIGEND 110D WNLoV
. 9z~ ¥INLL
B - - ]
{
Gl

¢ 9Ol

13



EP 2 096 071 B1

FIG. 3
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