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(57) ABSTRACT

An electric servo press machine is configured to convert a
rotation of an electric servomotor into a reciprocating linear
motion of a slide to perform press working on a workpiece.
The machine includes a clutch mechanism interposed in a
power transmission path between the servomotor and the
slide, and a brake mechanism for applying a brake onto the
slide under a disconnected state in which the servomotor and
the power transmission path are decoupled from each other by
the clutch mechanism. The machine brings the clutch mecha-
nism into the disconnected state and applies the brake onto the
slide upon an immediate stop request, and recovers from
immediate stop under a state in which a phase shift between
the servomotor and the power transmission path ranging from
the clutch mechanism in the disconnected state to the slide is
eliminated under a connected state of the clutch mechanism.
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ELECTRIC SERVO PRESS MACHINE

FIELD OF THE INVENTION

[0001] The present invention relates to an electric servo
press machine which converts a rotation of a servomotor into
avertical reciprocating motion of a slide through an interme-
diation of a power transmission/conversion mechanism, and
utilizes the vertical reciprocating motion of the slide to per-
form press working on a workpiece.

BACKGROUND

[0002] There is known a pressing machine (so-called elec-
tric servo press machine (pressing machine); the press
machine (pressing machine) may be hereinafter referred to
simply as “press”) which converts a rotation of an electric
servomotor under electronic control into a vertical recipro-
cating motion of a slide through an intermediation of a power
transmission/conversion mechanism (for example, a crank
mechanism), and utilizes the vertical reciprocating motion of
the slide to perform press working on a workpiece.

[0003] A growing number of electric servo presses have
been employed due to their advantages in that an operation
status thereof can be controlled by software with a high
degree of freedom, and the apparatus can be reduced in cost
and size.

[0004] By the way, when stopping the slide in the electric
servo press, the slide is normally stopped through control of
the electric servomotor itself.

[0005] However, when stopping the slide due to abnormal-
ity in the servo such as a servo error and a positional error, or
when stopping the slide by issuing an emergency stop signal
from an emergency stop device due to button operation per-
formed by a person or detection of intrusion into a dangerous
area, the slide needs to be stopped immediately. Therefore, it
is necessary to turn OFF supply of drive power to the servo-
motor and to stop the slide using a brake that is installed
separately.

[0006] In this case, in the electric servo press, the electric
servomotor and the slide are constantly coupled to each other
through an intermediation of drive components such as gears,
and hence, when stopping the slide, even the rotation of the
electric servomotor needs to be stopped.

[0007] At this time, as the inertia of the moving body to be
stopped becomes larger, it becomes more difficult to stop the
moving body, and hence a certain length of time is required to
stop the moving body. Thus, in order to meet the demand that
the slide be stopped within a period of time which ensures
safety as in the case of the emergency stop, a large-capacity
brake is necessary. Therefore, the electric servo press
machine is increased in size and cost.

[0008] Note that, the immediate stop refers to stop of the
slide within a period of time which ensures safety after the
reception of the emergency stop signal.

[0009] In view of the above, Japanese Patent Application
Laid-Open No. 2007-319917 discloses an electric servo press
machine including a clutch and a brake device provided in a
power transmission path as in a case of a conventional
mechanical press, in which an electric motor and a crankshaft
can completely be disconnected from each other in a physical
(mechanical) manner, and at the time of abnormality, the
clutch is released to stop the power transmission, and the
brake is actuated to perform emergency stop of the press
machine.
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[0010] The electric servo press machine disclosed in Japa-
nese Patent Application Laid-Open No. 2007-319917
includes the clutch and the brake device provided in the power
transmission path, and at the time of emergency stop, the
clutch is released to stop the drive transmission of the servo-
motor, and the brake is actuated. With this configuration, the
electric servomotor can be excluded from the components to
be stopped, and hence the inertia of the moving body to be
stopped can be reduced. As a result, the capacity of the brake
can be reduced, thereby contributing to suppression of the
capacity increase of the electric servo press machine.

[0011] However, when the electric servomotor and the
crankshaft (slide) are decoupled from each other by the clutch
mechanism as described above, the phases of the electric
servomotor and the crankshaft are shifted from each other
(synchronization therebetween is not achieved). Therefore,
when the clutch mechanism is directly connected for the
recovery to the normal operation, troubles may occur in the
press working after the recovery and further in cooperative
working with other apparatus and facilities in a press working
line, which is not a stand-alone system but is a system con-
figured in cooperation with other apparatus and facilities.

SUMMARY OF THE INVENTION

[0012] The present invention has been made in view of the
above-mentioned circumstances, and the present invention
provides an electric servo press machine which drives a slide
via a power transmission path using an electric servomotor in
arelatively simple and cost-efficient configuration. The elec-
tric servo press machine includes a clutch mechanism and a
brake mechanism provided in the power transmission path,
and at the time of, for example, immediate stop, the electric
servomotor is disconnected from the power transmission path
by the clutch mechanism, and the brake mechanism is actu-
ated to stop the slide. In this electric servo press machine,
when the electric servomotor is connected to the power trans-
mission path again by the clutch mechanism, a phase shift
between the electric servomotor side and the slide side can be
eliminated, thereby smoothly recovering the operation to a
normal operation.

[0013] Thus, according to an exemplary embodiment of the
present invention, there is provided an electric servo press
machine, which converts a rotation of an electric servomotor
into a reciprocating linear motion of a slide through an inter-
mediation of a power transmission/conversion mechanism,
and utilizes the reciprocating linear motion of the slide to
perform press working on a workpiece, the electric servo
press machine including: a clutch mechanism interposed in a
power transmission path between the electric servomotor and
the slide; and a brake mechanism capable of applying a brake
onto a motion of the slide under a disconnected state in which
the electric servomotor and the power transmission path are
decoupled from each other by the clutch mechanism, the
electric servo press machine being configured to: bring the
clutch mechanism into the disconnected state and apply the
brake onto the motion of the slide by the brake mechanism in
response to an immediate stop request; and recover from
immediate stop under a state in which a phase shift between
the electric servomotor and the power transmission path rang-
ing from the clutch mechanism in the disconnected state to the
slide is eliminated under a connected state of the clutch
mechanism.

[0014] In this case, the present invention encompasses a
configuration in which the clutch mechanism is connected
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and then the phase shift is eliminated, and a configuration in
which the clutch mechanism is connected under a state in
which the phase shift is eliminated.

[0015] In the present invention, the electric servo press
machine may further include: a servomotor rotational angle
position information acquiring device which acquires actual
rotational angle position information of the electric servomo-
tor; a slide-side rotating body rotational angle position infor-
mation acquiring device which acquires actual rotational
angle position information of a rotating body located in the
power transmission path ranging from the clutch mechanism
in the disconnected state to the slide; and a control device
which corrects the actual rotational angle position informa-
tion of the electric servomotor, which is acquired by the
servomotor rotational angle position information acquiring
device, so that the actual rotational angle position information
of the electric servomotor matches with the actual rotational
angle position information of the rotating body on the slide
side, which is acquired by the slide-side rotating body rota-
tional angle position information acquiring device, to thereby
eliminate the phase shift between the electric servomotor and
the power transmission path ranging from the clutch mecha-
nism in the disconnected state to the slide.

[0016] In the present invention, the electric servo press
machine may further include: a servomotor rotational angle
position information acquiring device which acquires actual
rotational angle position information of the electric servomo-
tor; a slide-side rotating body rotational angle position infor-
mation acquiring device which acquires actual rotational
angle position information of a rotating body located in the
power transmission path ranging from the clutch mechanism
in the disconnected state to the slide; and a control device
which causes the electric servomotor to rotationally move so
that the actual rotational angle position information of the
electric servomotor, which is acquired by the servomotor
rotational angle position information acquiring device,
matches with the actual rotational angle position information
of'the rotating body on the slide side, which is acquired by the
slide-side rotating body rotational angle position information
acquiring device, to thereby eliminate the phase shift between
the electric servomotor and the power transmission path rang-
ing from the clutch mechanism in the disconnected state to the
slide.

[0017] In the present invention, when recovering from the
immediate stop, under a state in which a load is applied to the
power transmission path ranging from the clutch mechanism
in the disconnected state to the slide so as to prevent at least a
backlash, the servomotor rotational angle position informa-
tion acquiring device may acquire the actual rotational angle
position information of the electric servomotor, and the slide-
side rotating body rotational angle position information
acquiring device may acquire the actual rotational angle posi-
tion information of the rotating body on the slide side.
[0018] In the present invention, the electric servo press
machine may further include a mechanism for applying the
load to the power transmission path ranging from the clutch
mechanism in the disconnected state to the slide, the mecha-
nism utilizing a slide suspension force of a balance cylinder to
apply the load to the power transmission path.

[0019] According to the present invention, it is possible to
provide the electric servo press machine which drives the
slide via the power transmission path using the electric ser-
vomotor in a relatively simple and cost-efficient configura-
tion. The electric servo press machine includes the clutch
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mechanism and the brake mechanism provided in the power
transmission path, and at the time of, for example, immediate
stop, the electric servomotor is disconnected from the power
transmission path by the clutch mechanism, and the brake
mechanism is actuated to stop the slide. In this electric servo
press machine, when the electric servomotor is connected to
the power transmission path again by the clutch mechanism,
the phase shift between the electric servomotor side and the
slide side can be eliminated, thereby smoothly recovering the
operation to the normal operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Inthe accompanying drawings:

[0021] FIG. 1isanoverall configuration diagram schemati-
cally illustrating an overall configuration of a mechanical part
of an electric servo press machine according to first and
second embodiments of the present invention;

[0022] FIG. 2 is a system block diagram schematically
illustrating a system configuration of the electric servo press
machine according to the first and second embodiments;
[0023] FIG. 3A is a control flow chart illustrating process-
ing to be executed in the electric servo press machine accord-
ing to the first embodiment;

[0024] FIG. 3B is a timing chart illustrating processing for
recovery to a normal operation after an emergency stop signal
is issued so that the electric servo press machine is stopped
immediately;

[0025] FIG. 4A is a control flow chart illustrating process-
ing to be executed in the electric servo press machine accord-
ing to the second embodiment;

[0026] FIG. 4B is a timing chart illustrating processing for
recovery to the normal operation after the emergency stop
signal is issued so that the electric servo press machine is
stopped immediately; and

[0027] FIG. 5isan overall configuration diagram schemati-
cally illustrating an overall configuration of a mechanical part
of an electric servo press machine according to a third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0028] Inthe following, embodiments of the present inven-
tion are described with reference to the accompanying draw-
ings. Note that, the present invention is not limited to the
embodiments described below.

First Embodiment

[0029] As illustrated in FIGS. 1 and 2, an electric servo
press machine 100 according to a first embodiment of the
present invention includes a crank mechanism (which may be
constructed as a mechanism utilizing an eccentric shaft or the
like) including a crankshaft 120 as one of “rotary-to-recipro-
cating linear motion conversion mechanisms” for linearly
reciprocating a slide 110 which performs press working on a
workpiece.

[0030] A main gear 130 is integrally mounted on the crank-
shaft 120, and a drive gear 140 and a brake gear 210 mesh with
the main gear 130.

[0031] An electric servomotor 160 as a drive source of the
electric servo press machine 100 according to the present
invention is rotationally coupled to a rotation shaft of the
drive gear 140, and a clutch mechanism 150 is interposed
between the drive gear 140 and the electric servomotor 160.
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[0032] As the clutch mechanism 150, an electromagnetic
clutchmechanism or other various types of clutch mechanism
may be employed. For example, a mechanical clutch mecha-
nism may be employed.

[0033] As illustrated in, for example, FIG. 2, the mechani-
cal clutch mechanism may be configured in the following
manner. That is, a clutch solenoid valve 151 is actuated in
accordance with a control signal from a press control unit 500
to supply air into a clutch cylinder 152, and accordingly a
friction element 153 is pressed on a disc 154 against a biasing
force of a spring (not shown), to thereby achieve a connected
state which enables power transmission. On the other hand,
the clutch solenoid valve 151 is actuated to discharge the air
from the clutch cylinder 152, and accordingly the friction
element 153 is separated from the disc 154 due to the biasing
force of the spring, to thereby achieve a disconnected state.
[0034] Further, in this embodiment, a brake mechanism
200 is mounted on the brake gear 210.

[0035] As the brake mechanism 200, an electromagnetic
brake mechanism or other various types of brake mechanism
may be employed. For example, a mechanical brake mecha-
nism may be employed.

[0036] As illustrated in, for example, FIG. 2, the mechani-
cal brake mechanism may be configured in the following
manner. That is, a brake solenoid valve 201 is actuated in
accordance with a control signal from the press control unit
500 to discharge air from a brake cylinder 202. Accordingly,
air pressure applied against a biasing force of a spring (not
shown) is relieved (released), and a friction element 203 is
pressed on a disc 204 due to the biasing force of the spring, to
thereby apply a brake onto the brake gear 210 and therefore
the main gear 130.

[0037] Inthe electric servo press machine 100 according to
this embodiment configured as described above, when nor-
mally stopping the electric servo press machine 100, the
operation is stopped through operation control of the electric
servomotor 160, which is performed by the press control unit
500 via a servo controller. When immediately stopping the
electric servo press machine 100 at the time of emergency (in
the urgent case) in which an emergency stop signal is issued,
the press control unit 500 turns OFF drive power of the
electric servomotor 160, while releasing the rotational cou-
pling between the drive gear 140 and the electric servomotor
160 via the clutch mechanism 150 to disconnect the electric
servomotor 160 from the power transmission path. Further,
the brake mechanism 200 is actuated to apply a brake onto the
brake gear 210 and therefore the main gear 130, and further
onto the slide 110. Thus, the electric servo press machine 100
is stopped immediately (see Step 1 (S1) to Step 4 (S4) in a
control flow chart of FIG. 3A).

[0038] When recovering the operation after the immediate
stop to resume the normal press working, the following pro-
cessing is performed in this embodiment.

[0039] That is, the electric servomotor 160 is temporarily
disconnected from the power transmission path, and hence, at
the time of recovery described above, a phase shift may occur
between a rotational angle position of the rotating body
(crankshaft 120) in the power transmission path, which
ranges from the clutch mechanism 150 in the disconnected
state to the slide 110, and a rotational angle position of an
output rotation shaft of the electric servomotor 160 (sce a
timing chart of FIG. 3B).

[0040] The phase shift needs to be corrected for the recov-
ery. As an example of the recovery method, for example, the
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following method may be employed. Thatis, the press control
unit 500 which controls the electric servomotor 160 corrects
a shift amount in rotational angle position information (inter-
nal data) of the electric servomotor 160, which is acquired
based on information from a motor shaft encoder 161 of the
electric servomotor 160, so that the rotational angle position
information matches with rotational angle position informa-
tion of the crankshaft 120, which is actually acquired by a
crankshaft encoder 121 (see Step 8 (S8) in the control flow
chart of FIG. 3A).

[0041] In this case, the motor shaft encoder 161 and the
press control unit 500 correspond to a servomotor rotational
angle position information acquiring device according to the
present invention, and the crankshaft encoder 121 and the
press control unit 500 correspond to a slide-side rotating body
rotational angle position information acquiring device
according to the present invention.

[0042] Further, the press control unit 500 corresponds to a
control device according to the present invention.

[0043] Note that, the above-mentioned method involves
only the changing of the internal data by the press control unit
500, and hence, unlike another recovery method described
later, there is required no such operation of actually actuating
the electric servomotor 160 to adjust the phases.

[0044] That is, before the clutch mechanism 150 is brought
into the connected state, the shift amount in the rotational
angle position information (internal data) of the electric ser-
vomotor 160, which is acquired based on the information
from the motor shaft encoder 161 of the electric servomotor
160, can be corrected so that the rotational angle position
information matches with the rotational angle position infor-
mation of the crankshaft 120, which is actually acquired by
the crankshaft encoder 121, and thereafter the clutch mecha-
nism 150 can be brought into the connected state. On the other
hand, after the clutch mechanism 150 is brought into the
connected state, the shift amount in the rotational angle posi-
tion information (internal data) of the electric servomotor
160, which is acquired based on the information from the
motor shaft encoder 161 of the electric servomotor 160, can
be corrected so that the rotational angle position information
matches with the rotational angle position information of the
crankshaft 120, which is actually acquired by the crankshaft
encoder 121.

[0045] By the way, a backlash of the splines and gears is
formed in the power transmission path ranging from the
clutch mechanism 150 in the disconnected state to the slide
110, and hence, when the electric servomotor 160 side and the
drive gear 140 (crankshaft 120) side, which are temporarily
disconnected from each other, are connected again to each
other by the clutch mechanism 150, an error (phase shift) may
occur in an amount of the backlash between the rotational
angle position of the crankshaft (position of the slide 110) and
the rotational angle position of the electric servomotor 160.

[0046] Therefore, in this embodiment, for example, the
gears are pressed on each other in a forward rotation direction
or reverse rotation direction so as to bring about a state free
from a clearance amount of the backlash, and the phases can
be adjusted in this state.

[0047] That is, in this embodiment, in order to bring about
the state free from the clearance amount of the backlash by
causing the gears to abut on each other, a load is applied in the
rotation direction of the rotating body (crankshaft 120)
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located in the power transmission path ranging from the
clutch mechanism 150 in the disconnected state to the slide
110.

[0048] Specifically, in general press machines, a balance
cylinder which suspends the slide and counterbalances the
weight of the slide is installed for the purpose of reducing a
burden on the power transmission path and the electric ser-
vomotor 160 during the pressing operation due to the weight
of'the slide. Therefore, at the time of recovery after the imme-
diate stop, a balance cylinder 112 as illustrated in FIG. 2 is
operated to pull up the slide 110 so that the load in the rotation
direction is applied to the rotating body (crankshaft 120)
located in the power transmission path ranging from the
clutch mechanism 150 in the disconnected state to the slide
110. Accordingly, the gears located in the power transmission
path abut on each other, to thereby bring about the state free
from the clearance of the backlash in the rotation direction
(see Step 6 (S6), Step 7 (S7) in the control flow chart of FIG.
3A).

[0049] When the load is applied, a tooth flank (or face)
which abuts on a mating tooth flank (or face) is different
between a case where the slide 110 is stopped while being
lowered and a case where the slide 110 is stopped while being
raised. When the slide is to be raised due to a suspension force
of'the balance cylinder, the suspension force is converted into
arotational force of the crankshaft. Assuming that the rotation
direction of the crankshaft during the pressing operation is a
forward rotation direction and the rotation direction opposite
thereto is a reverse rotation direction, when the crankshaft is
located short of a bottom dead center (when the slide is
stopped while being lowered), the force for raising the slide is
converted into a torque for rotating the crankshaft in the
reverse rotation direction. On the other hand, when the crank-
shaft is located ahead of the bottom dead center (when the
slide is stopped while being raised), the force for raising the
slide is converted into a torque for rotating the crankshaft in
the forward rotation direction. That is, in one tooth, which of
the tooth flank oriented in the clockwise direction and the
tooth flank oriented in the counterclockwise direction abuts
on a mating tooth flank depends on the case where the slide
110 is stopped while being lowered and the case where the
slide 110 is stopped while being raised.

[0050] Therefore, the press control unit 500 according to
this embodiment recognizes based on the information from
the crankshaft encoder 121 whether the slide 110 is being
lowered or raised. Assuming that a positive value indicates
that the slide 110 is being lowered, when the slide 110 is
stopped immediately while being raised, the phases are
adjusted by adding an amount corresponding to the angle of
the backlash (shift amount). Accordingly, the phases can be
adjusted with higher accuracy.

[0051] Detailed description is given with reference to the
control flow chart of FIG. 3A. When the emergency stop
signal is issued to perform immediate stop and thereafter the
operation is to be recovered to the normal operation (press
working), the press control unit 500 performs the following
processing.

[0052] InStep (“S”inthe FIG. 1, an emergency stop signal
is input. When an operator manually operates an emergency
stop button or an automatic detection system detects that a
person has intruded into a dangerous area, an emergency stop
device inputs the emergency stop signal to the press control
unit 500.
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[0053] In Step 2, the press control unit 500 transmits an
OFF (disconnection) signal to the clutch mechanism 150, and
the clutch mechanism 150 releases the rotational coupling
between the drive gear 140 and the electric servomotor 160 to
disconnect the electric servomotor 160 from the power trans-
mission path.

[0054] In Step 3, the press control unit 500 turns OFF the
drive power of the electric servomotor 160.

[0055] In Step 4, the press control unit 500 transmits a
brake actuation signal to the brake solenoid valve 201 to
actuate the brake mechanism 200. Accordingly, a brake is
applied onto the brake gear 210 and therefore the main gear
130, and further onto the slide 110. Thus, the electric servo
press machine 100 is stopped immediately.

[0056] In Step 5, when an emergency stop cancellation
button or the like is operated or the abnormality detected by
the automatic detection system is resolved, the press control
unit 500 cancels the immediate stop in response to this event,
and shifts to a recovery operation.

[0057] In Step 6, the press control unit 500 increases an
internal pressure of the balance cylinder (balancer) 112,
which is constructed of a hydraulic actuator or the like, to a
predetermined value so as to apply a necessary load to the
slide 110 and therefore the power transmission path.

[0058] In Step 7, through the application of a necessary
load in a given direction in Step 6, the press control unit 500
brings about a state free from a clearance or a backlash in the
power transmission path.

[0059] In Step 8, the press control unit 500 corrects a shift
amount in the rotational angle position information (internal
data) of the electric servomotor 160, which is acquired based
on the information from the motor shaft encoder 161 of the
electric servomotor 160, so that the rotational angle position
information matches with the rotational angle position infor-
mation of the crankshaft 120, which is actually acquired by
the crankshaft encoder 121.

[0060] InStep9,the press control unit 500 transmits an ON
(connection) signal to the clutch mechanism 150, and the
clutch mechanism 150 performs the rotational coupling
between the drive gear 140 and the electric servomotor 160 to
achieve a connected state in which the electric servomotor
160 is connected to the power transmission path.

[0061] In Step 10, the press control unit 500 turns ON the
drive power of the electric servomotor 160.

[0062] In Step 11, the press control unit 500 cancels the
operation of the brake mechanism 200 to release the brake
applied onto the brake gear 210 and therefore the main gear
130, and further onto the slide 110.

[0063] In Step 12, the press control unit 500 controls the
internal pressure of the balance cylinder (balancer) 112 to a
value at the time of the normal operation, to thereby prepare
for a recovered operation.

[0064] Through the processing described above, the press
control unit 500 recovers to normal control after the imme-
diate stop. Note that, the order of Step 8 and Step 9 may be
changed.

[0065] As described above, according to this embodiment,
the clutch mechanism 150 and the brake mechanism 200 are
provided in the power transmission path, and at the time of
immediate stop, the clutch mechanism 150 is released to stop
the drive transmission of the electric servomotor 160, and the
brake mechanism 200 is actuated. Accordingly, the electric
servomotor 160 can be excluded from the components to be
stopped, and the inertia at the time of stop can be reduced. As
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a result, the capacity of the brake can be reduced, thereby
avoiding the capacity increase of the brake and the like.
[0066] Further, according to this embodiment, the phase
shift between the electric servomotor 160 and the crankshaft
120, which occurs when the rotational coupling between the
electric servomotor 160 and the crankshaft 120 (slide 110) is
released by the clutch mechanism 150, can be corrected at the
time of recovery to the normal operation after the immediate
stop. Accordingly, it is possible to smoothly perform the press
working after the recovery, and to smoothly perform coop-
erative working with other apparatus and facilities in a press
working line, which is a system configured in cooperation
with other apparatus and facilities.

[0067] That is, according to this embodiment, it is possible
to provide the electric servo press machine which drives the
slide via the power transmission path using the electric ser-
vomotor in a relatively simple and cost-efficient configura-
tion. The electric servo press machine includes the clutch
mechanism and the brake mechanism provided in the power
transmission path, and at the time of, for example, immediate
stop, the electric servomotor is disconnected from the power
transmission path by the clutch mechanism, and the brake
mechanism is actuated to stop the slide. In this electric servo
press machine, when the electric servomotor is connected to
the power transmission path again by the clutch mechanism,
the phase shift between the electric servomotor side and the
slide side can be eliminated, thereby smoothly recovering the
operation to the normal operation.

[0068] Note that, when the backlash is small in the power
transmission path ranging from the clutch mechanism 150 in
the disconnected state to the slide 110, the electric servo press
machine may be configured out of consideration of the back-
lash, and in this case, S6 and S7 in the control flow chart of
FIG. 3A may be omitted.

[0069] Further, a manual operation may be performed so as
to bring about the state free from the backlash in the power
transmission path ranging from the clutch mechanism 150 in
the disconnected state to the slide 110. For example, in a case
where an operator can apply aload to the main gear 130 or the
like in the rotation direction, the operations of S6 and S7 in the
control flow chart of FIG. 3A may be replaced with manual
operations.

Second Embodiment

[0070] A second embodiment of the present invention is
different from the first embodiment only in the method of
recovery to the normal operation after the immediate stop,
and hence only this matter is described below.

[0071] That is, as the recovery method of the second
embodiment, for example, the following method is
employed. That is, as illustrated in Steps 108 to 111 (S108 to
S111) in a control flow chart of FIG. 4A, the press control unit
500 which controls the electric servomotor 160 drives the
electric servomotor 160 to rotate the electric servomotor 160
relative to the crankshaft 120 (rotating body located in the
power transmission path ranging from the clutch mechanism
150 in the disconnected state to the slide 110) until the rota-
tional angle position information of the electric servomotor
160, which is acquired based on the information from the
motor shaft encoder 161 of the electric servomotor 160,
matches with the rotational angle position information of the
crankshaft 120, which is actually acquired by the crankshaft
encoder 121. After that, the clutch mechanism 150 is brought
into the connected state.
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[0072] Specifically, as illustrated in the control flowchart of
FIG. 4A, through Steps 101 to 107, processing similar to that
in Steps 1 to 7 of FIG. 3A is performed.

[0073] Subsequently, in Step 108, the press control unit 500
turns ON the drive power of the electric servomotor 160 for
processing to be performed in Step 109.

[0074] In Step 109, the press control unit 500 acquires a
converted current crankshaft position based on the crankshaft
rotational angle position information, which is acquired
based on a detection signal from the crankshaft encoder 121,
and meanwhile calculates a converted current motor shaft
position based on the rotational angle position information of
the electric servomotor 160, which is acquired based on a
detection signal from the motor shaft encoder 161. Based on
the two pieces of current position data, the press control unit
500 generates a target position which can cancel the differ-
ence in phases between the crankshaft 120 and the electric
servomotor 160, and outputs a target position command to the
servo controller to actually rotate the electric servomotor 160.
[0075] In Step 110, the press control unit 500 updates the
current positions, and determines whether or not the con-
verted current crankshaft position and the converted current
motor shaft position match with each other. The press control
unit 500 repeats Steps 109 and 110 until the converted current
crankshaft position and the converted current motor shaft
position match with each other.

[0076] In Step 111, the press control unit 500 transmits an
ON (connection) signal to the clutch mechanism 150, and the
clutch mechanism 150 performs the rotational coupling
between the drive gear 140 and the electric servomotor 160 to
achieve a connected state in which the electric servomotor
160 is connected to the power transmission path.

[0077] In Step 112, the press control unit 500 cancels the
operation of the brake mechanism 200 to release the brake
applied onto the brake gear 210 and therefore the main gear
130, and further onto the slide 110.

[0078] In Step 113, the press control unit 500 controls the
internal pressure of the balance cylinder (balancer) 112 to a
value at the time of the normal operation, to thereby prepare
for a recovered operation.

[0079] Through the processing described above, the press
control unit 500 recovers to normal control after the imme-
diate stop.

[0080] Thus, according to the second embodiment, as in the
first embodiment, the clutch mechanism 150 and the brake
mechanism 200 are provided in the power transmission path,
and at the time of immediate stop, the clutch mechanism 150
is released to stop the drive transmission of the electric ser-
vomotor 160, and the brake mechanism 200 is actuated.
Accordingly, the electric servomotor 160 can be excluded
from the components to be stopped, and the inertia at the time
of stop can be reduced. As a result, the capacity of the brake
can be reduced, thereby avoiding the capacity increase of the
brake and the like.

[0081] Further, according to the second embodiment, as in
the first embodiment, the phase shift between the electric
servomotor 160 and the crankshaft 120, which occurs when
the rotational coupling between the electric servomotor 160
and the crankshaft 120 (slide 110) is released by the clutch
mechanism 150, can be corrected at the time of recovery to
the normal operation after the immediate stop. Accordingly, it
is possible to smoothly perform the press working after the
recovery, and to smoothly perform cooperative working with
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other apparatus and facilities in a press working line, which is
a system configured in cooperation with other apparatus and
facilities.

[0082] That is, according to the second embodiment, as in
the first embodiment, it is possible to provide the electric
servo press machine which drives the slide via the power
transmission path using the electric servomotor in a relatively
simple and cost-efficient configuration. The electric servo
press machine includes the clutch mechanism and the brake
mechanism provided in the power transmission path, and at
the time of, for example, immediate stop, the electric servo-
motor is disconnected from the power transmission path by
the clutch mechanism, and the brake mechanism is actuated
to stop the slide. In this electric servo press machine, when the
electric servomotor is connected to the power transmission
path again by the clutch mechanism, the phase shift between
the electric servomotor side and the slide side can be elimi-
nated, thereby smoothly recovering the operation to the nor-
mal operation.

[0083] Note that, when the backlash is small in the power
transmission path ranging from the clutch mechanism 150 in
the disconnected state to the slide 110, the electric servo press
machine may be configured out of consideration of the back-
lash, and in this case, S106 and S107 in the control flow chart
of FIG. 4 may be omitted.

[0084] Further, a manual operation may be performed so as
to bring about the state free from the backlash in the power
transmission path ranging from the clutch mechanism 150 in
the disconnected state to the slide 110. For example, in a case
where an operator can apply aload to the main gear 130 or the
like in the rotation direction, the operations of S106 and S107
in the control flow chart of FIG. 4 may be replaced with
manual operations.

Third Embodiment

[0085] A third embodiment of the present invention is an
example in which the present invention is applied to an elec-
tric servo press machine 600 as illustrated in FI1G. 5 other than
the electric servo press machine 100 of the first and second
embodiments illustrated in FIGS. 1 and 2.

[0086] Although the basic concept is the same as those in
the first and second embodiments, the electric servo press
machine 600 is different in layout from the electric servo
press machine 100 of FIG. 1, and an intermediate gear 300 is
interposed between the clutch mechanism 150 and the elec-
tric servomotor 160. With this configuration, there is an
advantage in that a speed reduction ratio and the like can be
set to desired values as compared to the first and second
embodiments, that is, the degree of freedom in design is
increased. In other respects, the configuration and control of
the third embodiment are similar to those of the above-men-
tioned first and second embodiments, and a similar action and
effect can be produced.

[0087] The embodiments described above are merely
examples for illustrating the present invention. It is apparent
that various changes are possible without departing from the
gist of the present invention.

What is claimed is:

1. An electric servo press machine, which converts a rota-
tion of an electric servomotor into a reciprocating linear
motion of a slide through an intermediation of a power trans-
mission/conversion mechanism, and utilizes the reciprocat-
ing linear motion of the slide to perform press working on a
workpiece,
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the electric servo press machine comprising:

a clutch mechanism interposed in a power transmission
path between the electric servomotor and the slide;
and

a brake mechanism capable of applying a brake onto a
motion of the slide under a disconnected state in
which the electric servomotor and the power trans-
mission path are decoupled from each other by the
clutch mechanism,

the electric servo press machine being configured to:
bring the clutch mechanism into the disconnected state

and apply the brake onto the motion of the slide by the
brake mechanism in response to an immediate stop
request; and

recover from immediate stop under a state in which a
phase shift between the electric servomotor and the
power transmission path ranging from the clutch
mechanism in the disconnected state to the slide is
eliminated under a connected state of the clutch
mechanism.

2. An electric servo press machine according to claim 1,

further comprising:

a servomotor rotational angle position information acquir-
ing device which acquires actual rotational angle posi-
tion information of the electric servomotor;

a slide-side rotating body rotational angle position infor-
mation acquiring device which acquires actual rota-
tional angle position information of a rotating body
located in the power transmission path ranging from the
clutch mechanism in the disconnected state to the slide;
and

a control device which corrects the actual rotational angle
position information of the electric servomotor, which is
acquired by the servomotor rotational angle position
information acquiring device, so that the actual rota-
tional angle position information of the electric servo-
motor matches with the actual rotational angle position
information of the rotating body on the slide side, which
is acquired by the slide-side rotating body rotational
angle position information acquiring device, to thereby
eliminate the phase shift between the electric servomo-
tor and the power transmission path ranging from the
clutch mechanism in the disconnected state to the slide.

3. An electric servo press machine according to claim 1,

further comprising:

a servomotor rotational angle position information acquir-
ing device which acquires actual rotational angle posi-
tion information of the electric servomotor;

a slide-side rotating body rotational angle position infor-
mation acquiring device which acquires actual rota-
tional angle position information of a rotating body
located in the power transmission path ranging from the
clutch mechanism in the disconnected state to the slide;
and

a control device which causes the electric servomotor to
rotationally move so that the actual rotational angle posi-
tion information of the electric servomotor, which is
acquired by the servomotor rotational angle position
information acquiring device, matches with the actual
rotational angle position information of the rotating
body on the slide side, which is acquired by the slide-
side rotating body rotational angle position information
acquiring device, to thereby eliminate the phase shift
between the electric servomotor and the power transmis-
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sion path ranging from the clutch mechanism in the
disconnected state to the slide.

4. An electric servo press machine according to claim 2,
wherein, when recovering from the immediate stop, under a
state in which a load is applied to the power transmission path
ranging from the clutch mechanism in the disconnected state
to the slide so as to prevent at least a backlash, the servomotor
rotational angle position information acquiring device
acquires the actual rotational angle position information of
the electric servomotor, and the slide-side rotating body rota-
tional angle position information acquiring device acquires
the actual rotational angle position information of the rotating
body on the slide side.

5. An electric servo press machine according to claim 3,
wherein, when recovering from the immediate stop, under a
state in which a load is applied to the power transmission path
ranging from the clutch mechanism in the disconnected state
to the slide so as to prevent at least a backlash, the servomotor
rotational angle position information acquiring device
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acquires the actual rotational angle position information of
the electric servomotor, and the slide-side rotating body rota-
tional angle position information acquiring device acquires
the actual rotational angle position information of the rotating
body on the slide side.

6. An electric servo press machine according to claim 4,
further comprising a mechanism for applying the load to the
power transmission path ranging from the clutch mechanism
in the disconnected state to the slide, the mechanism utilizing
aslide suspension force of a balance cylinder to apply the load
to the power transmission path.

7. An electric servo press machine according to claim 5,
further comprising a mechanism for applying the load to the
power transmission path ranging from the clutch mechanism
in the disconnected state to the slide, the mechanism utilizing
aslide suspension force of a balance cylinder to apply the load
to the power transmission path.
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