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(54) Press machine

(57) A press machine is peovided with a bottom dead
center position correction control section, a selected low-
er bottom dead center position setting section, and a bot-
tom dead center position switching section. The bottom
dead center position correction control section is config-

ured to perform, based on the selected bottom dead cent-
er position after the switching and the detected bottom
dead center position, positional correction so that the ac-
tual bottom dead center position of the slide is adjusted
to the selected bottom dead center position.
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Description

Field of the invention

[0001] The present invention relates to a press ma-
chine including an actuator capable of lowering a work-
piece support unit from a press working position by a
distance corresponding to a predetermined amount or
more, and raising the workpiece support unit so as to be
returned to the press working position after ejecting a
workpiece.

Background

[0002] Press machines are configured to manufacture
a product by press working to be performed in coopera-
tion between an upper die and a lower die while raising
and lowering a slide. One important factor to determine
the precision of the product is that a bottom dead center
position of the slide is maintained to be constant.
[0003] In general, the bottom dead center position and
a press speed have such a close relationship as illustrat-
ed in FIG. 11. In FIG. 11, the horizontal axis represents
the number of shots of the press machine, and the vertical
axis represents the bottom dead center position of the
slide and the press speed. In FIG. 11, the bottom dead
center position is as indicated by the slope part during
an accelerated press operation, and by the horizontal
part during a constant-speed press operation. Specifical-
ly, as the press speed increases, a downward inertial
force of the slide at the bottom dead center increases,
and hence the bottom dead center position of the slide
becomes lower along with the increase in press speed.
When the press speed is constant, the fluctuation of the
bottom dead center position is significantly small.
[0004] As described above, it is important to determine
whether or not the bottom dead center position is a proper
position, and to set a proper bottom dead center position
during the press operation.
[0005] As a determination device, there is proposed a
device that performs the determination based on the
number of depressed portions formed by marking (see
Japanese Patent Application Laid-open No.
2010-142852). Specifically, the product is marked by
punches having different heights, and the bottom dead
center position is determined based on the number of
marks. The determination result is used for correcting
the bottom dead center position in subsequent manual
work.
[0006] As a bottom dead center position correcting de-
vice, most of the devices include a sensor for detecting
a die height of the press (for example, a distance from a
top surface of a bolster to a bottom surface of the slide),
and are configured to automatically correct an actual bot-
tom dead center position of the slide to be adjusted to a
target bottom dead center position while constantly con-
trolling drive of a slide adjusting mechanism based on a
detection signal from the sensor.

[0007] A representative improvement measure for the
bottom dead center position correcting device (Japanese
Patent Application Laid-open No. 2009-274080) is de-
scribed. This improved device focuses on characteristics
of fluctuation of the bottom dead center position during
the accelerated operation and the constant-speed oper-
ation, and is configured to reduce a control load while
ensuring correction accuracy in both cases. Specifically,
when the press speed (SPM) changes, the acceleration
of the slide changes in accordance with the SPM (as a
result, the bottom dead center position changes), and
hence the improved device corrects the bottom dead
center position of the slide on a single-cycle basis. When
the SPM is stable, on the other hand, the improved device
is configured to correct the bottom dead center position
of the slide on a multi-cycle basis.
[0008] By the way, as a press machine that manufac-
tures a lamination product (completed by punching and
laminating thin plates such as magnetic steel sheets),
there are known a press machine of a squeeze ring hold-
ing type, which is capable of laminating punched thin
plates while holding the thin plates by a squeeze ring
(Japanese Patent Application Laid-open No.
H07-204764), and a press machine of an actuator rais-
ing/lowering type, which laminates half-finished lamina-
tion products while lowering the half-finished lamination
products by an actuator (for example, a hydraulic cylin-
der) (Japanese Utility Model Examined Publication No.
H02-25549).
[0009] The press machine of the squeeze ring holding
type includes a squeeze ring provided below a punching
die, and this squeeze ring has a diameter slightly smaller
than a diameter of the die. The press machine is config-
ured to hold a punched thin plate (such as a core piece)
while receiving the thin plate by the squeeze ring, and
subsequently laminate the thin plate by being crimped
with a thin plate that is punched out through use of a
punch. In this type of press machine, there is proposed
an improvement measure to increase a force for holding
the thin plate by arranging magnets around the squeeze
ring in preparation for further increase in diameter and
thinning of the thin plate (Japanese Patent Application
Laid-open No. 2005-103551).
[0010] The press machine of the actuator raising/low-
ering type is configured to punch a thin plate through use
of a press, and form crimping projections having de-
pressed portions on a front surface of the thin plate and
projecting portions on a back surface thereof (see FIGS.
4 and 5 of the present application). In a laminating die,
in a laminating process before the product is completed,
a fitting and crimping pressure is applied to the half-fin-
ished products. Then, the plurality of half-finished prod-
ucts are laminated to obtain the product (such as a motor
core and a transformer). The actuator supports the half-
finished products from the bottom in the lower die so as
to smoothly carry out the above-mentioned processing
steps.
[0011] Specifically, the actuator is capable of lowering
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a workpiece support unit (receiving base 120) to a prod-
uct ejecting position (see (ii) of FIG. 7), which is located
lower than a press working position (see (i) FIG. 7) by a
distance corresponding to a predetermined amount or
more, and raising the workpiece support unit so as to be
returned to the press working position (see (iii) of FIG. 7)
after ejecting the product. Please see FIGS. 6 and 7.
[0012] More specifically, a lamination core having
crimping projections and depressions formed therein in
a previous step for each press stroke is finally punched
into the laminating die 8. The actuator 100 inside the die
8 generates a receiving force when the lamination core
is punched and crimped through use of the punch, and
is lowered by an amount corresponding to a plate thick-
ness of the lamination core for each crimping (see (i) of
FIG. 7). Further, when ejecting the product (having the
lamination cores laminated at a predetermined lamina-
tion thickness) from the die, the actuator 100 (hydraulic
cylinder) is temporarily depressurized and lowered to the
product ejecting position (see (ii) of FIG. 7), and after the
product is ejected from the die, the actuator 100 is raised
and pressurized again (see (iii) of FIG. 7).
[0013] Further, every time a predetermined number of
the above-mentioned lamination cores are punched into
the die, one of the lamination cores has only the de-
pressed portions formed therein (without the projecting
portions). Due to this lamination core, a lamination core
that is punched into the die prior to this lamination core
is not coupled to a succeeding lamination core that is
punched into the die subsequently to this lamination core.
[0014] Along with the movement of the actuator, the
bottom dead center of the slide of the press machine is
also repeatedly lowered and raised (recovered) abruptly
in accordance with a clearance inside a suspension for
driving the slide and a load on the actuator. When the
actuator inside the die is lowered so as to eject, from the
die, the lamination cores that are laminated at a prede-
termined lamination thickness, the receiving force gen-
erated by the actuator against the punch when the lam-
ination core is punched and crimped is eliminated, and
hence the bottom dead center of the slide is lowered
abruptly.
[0015] FIG. 12A is an explanatory timing chart illustrat-
ing a fluctuation of the bottom dead center position mainly
at the time when the press speed increases according
to a conventional example (the bottom dead center po-
sition of the slide is not corrected). The horizontal axis
represents the number of shots of the press machine,
and the vertical axis represents the bottom dead center
position of the slide and the press speed. The bottom
dead center position is lowered along with the increase
in press speed. Further, along with the depressurization
and the lowering operation of the actuator, the receiving
force generated by the actuator against the punch when
the lamination core is punched and crimped is eliminated,
and hence the bottom dead center position is also low-
ered abruptly.
[0016] FIG. 12B is an explanatory timing chart illustrat-

ing a fluctuation of the bottom dead center position mainly
at the time when the press speed is stable according to
the conventional example (the bottom dead center posi-
tion of the slide is not corrected). Along with the depres-
surization and the lowering operation of the actuator or
the pressurization and the raising operation thereof, the
bottom dead center position of the slide is lowered or
raised abruptly in accordance with the clearance inside
the drive mechanism for driving the slide and the load on
the actuator. The lowering amount changes depending
on the presence and absence of a stopper, the clearance
inside the press machine, or the amount of the load on
the actuator.
[0017] Note that, there are many cases where mechan-
ical measures are taken so as to prevent trouble with the
precision of the product even when the bottom dead cent-
er position is lowered. Specifically, even when the clear-
ance inside the suspension for driving the slide is large
and therefore the bottom dead center is lowered signifi-
cantly, the lowering amount is restricted by a stopper
block for the bottom dead center, which is provided in
the die.
[0018] As described above, in the conventional exam-
ple, the actuator that causes excessive disturbance on
the bottom dead center position of the slide is built into
the press machine, and hence the automatic correction
of the bottom dead center position is not performed in
most cases.
[0019] In view of the above, the inventor of the present
invention has attempted to introduce the bottom dead
center position correcting device into the press machine
of the actuator raising/lowering type. The bottom dead
center position correcting device built into the press ma-
chine is, as described above, configured to perform,
based on the target bottom dead center position and a
detected bottom dead center position obtained during
the press operation, positional correction so that the ac-
tual bottom dead center position of the slide is adjusted
to the target bottom dead center position.
[0020] FIG. 9A illustrates a change of the bottom dead
center position in a case where the automatic correction
is performed in every cycle shot mainly at the time when
the press speed changes. The horizontal axis represents
the number of shots, and the vertical axis represents the
bottom dead center position of the slide and the press
speed. In FIG. 9A, the region lower than the position of
"0" indicates a direction in which the bottom dead center
position is lowered, and the region higher than the posi-
tion of "0" indicates a direction in which the bottom dead
center position is raised. Further, FIG. 9B illustrates a
change of the bottom dead center position in a case
where the automatic correction is performed in every cy-
cle shot at the time when the press speed is constant.
[0021] Specifically, when the actuator is depressurized
and lowered or pressurized and raised during the correc-
tion control for the bottom dead center position, an abrupt
and excessive change occurs in the bottom dead center
position of the slide. Even when the bottom dead center
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is monitored in every shot, due to the feedback control,
it is impossible to prevent the abrupt and excessive
change of the bottom dead center position that is caused
by the disturbance such as the raising and lowering op-
eration of the actuator. This is because the bottom dead
center position correcting device executes the correction
in a subsequent stroke from the fact that the actual bottom
dead center position deviating from the target bottom
dead center position is present. In other words, irrespec-
tive of whether the press operation is performed at chang-
ing speed or constant speed, the bottom dead center
position that is abruptly changed due to the disturbance
inevitably results in the actual bottom dead center posi-
tion deviating from the target bottom dead center posi-
tion. As illustrated in FIGS. 9A and 9B, there occur abrupt
and excessive fluctuations Dyu and Dyd of the bottom
dead center position corresponding to a delay in re-
sponse.
[0022] Next, in a case where the bottom dead center
position is corrected through averaging performed on a
multi-cycle basis (FIG. 10), an average value of a plurality
of arbitrary shots including current and previous shots
serves as a correction value, and hence the delay occurs.
The operation is brought into an oscillatory state due to
the abrupt and excessive change of the bottom dead
center position that occurs unexpectedly. The oscillation
occurs in addition to the delay. That is, the operation is
brought into an uncontrollable state, which increases a
risk in that the bottom dead center position fluctuates in
a severely undulating manner.
[0023] By the way, in the case of the lowering of the
bottom dead center position due to the lowering operation
of the actuator ("Dyd" of FIGS. 9A and 9B), the lowering
amount may be restricted by introducing the auxiliary me-
chanical stopper block as described above, and hence
there may arise no particular problem in the manufacture
of the product. On the other hand, it is in some cases
preferred to avoid suspending the correction of the bot-
tom dead center position under a state in which the stop-
per block is not introduced.
[0024] Even during the correction control for the bottom
dead center position, however, the actual bottom dead
center position is raised in an abrupt and excessive man-
ner ("Dyu" of FIGS. 9A and 9B) due to the raising oper-
ation of the actuator. Then, in the step (the crimping pro-
jections and depressions are formed) prior to the step in
which the lamination core is punched into the die, the
depth of the crimping projections and depressions be-
comes smaller than originally intended. As a result, the
fitting and crimping pressure decreases, and hence the
crimping is insufficient, which causes such an adverse
effect that the thin plates are separated from each other.
This adverse effect is caused from the fact that, in the
case of the raising operation, the mechanical restricting
unit such as the stopper block cannot be provided unlike
the case of the lowering operation.
[0025] Further, when the bottom dead center position
fluctuates significantly toward the lower side due to the

oscillation (FIG. 10), the depth of the projections and de-
pressions becomes larger than originally intended, and
hence the projecting portions are disengaged due to
crimping failure. In addition, when the stopper block is
provided in the die, the amount of abutment of the slide
against the stopper block increases considerably, and
hence the slide bounces significantly. As a result, the
precision of the product is deteriorated and the life of the
die is reduced. Eventually, the risk of an overload on the
press machine increases.
[0026] As described above, in the conventional press
machine, a considerable amount of raising and lowering
shift of the actuator is added as the disturbance, and
hence, to avoid the adverse effect induced by this distur-
bance, the bottom dead center position correcting device
has not presumably been introduced in most cases. Fur-
ther, even in the bottom dead center position correcting
device (Japanese Patent Application Laid-open No.
2009-274080), the abrupt and excessive change of the
bottom dead center of the slide has not been taken into
consideration.

Summary of the invention

[0027] It is an object of the present invention to provide
a press machine capable of manufacturing a high-quality
product while preventing an abrupt and excessive rise of
an actual bottom dead center position that occurs along
with a raising operation of an actuator.
[0028] According to a first embodiment of the invention,
there is provided a press machine including an actuator
capable of lowering a workpiece support unit from a press
working position by a distance corresponding to a pre-
determined amount or more, and raising the workpiece
support unit so as to be returned to the press working
position after ejecting a workpiece, the press machine
including:

a bottom dead center position correction control sec-
tion, which performs, based on a preset target bot-
tom dead center position and a detected bottom
dead center position obtained during a press oper-
ation, positional correction so that an actual bottom
dead center position of a slide is adjusted to the pre-
set target bottom dead center position;
a selected bottom dead center position setting sec-
tion, which sets a selected bottom dead center po-
sition selected as a position lower than the preset
target bottom dead center position; and
a bottom dead center position switching section,
which switches the preset target bottom dead center
position to the selected bottom dead center position
in association with a raising and lowering operation
association signal of the actuator,
in which the bottom dead center position correction
control section is configured to perform, based on
the selected bottom dead center position after the
switching and the detected bottom dead center po-
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sition, positional correction so that the actual bottom
dead center position of the slide is adjusted to the
selected bottom dead center position.

According to the first embodiment of the invention, it is
possible to prevent the abrupt and excessive rise of the
actual bottom dead center position that occurs along with
the lowering and raising operations of the actuator. That
is, it is possible to manufacture a high-quality product.
[0029] Further, according to a second embodiment of
the invention, there is provided a press machine including
an actuator capable of lowering a workpiece support unit
from a press working position by a distance correspond-
ing to a predetermined amount or more, and raising the
workpiece support unit so as to be returned to the press
working position after ejecting a workpiece, the press ma-
chine including:

a bottom dead center position correction control sec-
tion, which performs, based on a preset target bot-
tom dead center position and a detected bottom
dead center position obtained during a press oper-
ation, positional correction so that an actual bottom
dead center position of a slide is adjusted to the pre-
set target bottom dead center position;
a selected lower bottom dead center position setting
section, which sets a selected lower bottom dead
center position selected as a position lower than the
preset target bottom dead center position;
a selected higher bottom dead center position setting
section, which sets a selected higher bottom dead
center position selected as a position higher than the
selected lower bottom dead center position;
a lowering-operation bottom dead center position
switching section, which switches the preset target
bottom dead center position to the selected lower
bottom dead center position when a lowering oper-
ation association signal of the actuator is input; and
a raising-operation bottom dead center position
switching section, which switches the preset target
bottom dead center position to the selected higher
bottom dead center position when a raising operation
association signal of the actuator is input,
in which the bottom dead center position correction
control section is configured to:

under a state in which the workpiece support
unit is lowered from the press working position
by the distance corresponding to the predeter-
mined amount or more, based on the selected
lower bottom dead center position in place of
the preset target bottom dead center position
and on the detected bottom dead center posi-
tion, perform positional correction so that the ac-
tual bottom dead center position of the slide is
adjusted to the selected lower bottom dead cent-
er position; and
under a state in which the workpiece support

unit is raised so as to be returned to the press
working position, based on the selected higher
bottom dead center position in place of the pre-
set target bottom dead center position and on
the detected bottom dead center position, per-
form positional correction so that the actual bot-
tom dead center position of the slide is adjusted
to the selected higher bottom dead center posi-
tion.

According to the second embodiment of the invention, it
is possible to prevent the abrupt and excessive rise of
the actual bottom dead center position that occurs along
with the raising operation of the actuator. That is, the
depth of the crimping projections and depressions may
be maintained as originally intended, and hence the
crimping may be performed sufficiently. In other words,
a high-quality product may be manufactured. Further, the
correction control is continued also when the actuator is
lowered, and hence the bottom dead center position may
be maintained stably even without a stopper block.
[0030] Further, according to a third embodiment of the
invention, there is provided a press machine including
an actuator capable of lowering a workpiece support unit
from a press working position by a distance correspond-
ing to a predetermined amount or more, and raising the
workpiece support unit so as to be returned to the press
working position after ejecting a workpiece, the press ma-
chine including:

a bottom dead center position correction control sec-
tion, which performs, based on a preset target bot-
tom dead center position and a detected bottom
dead center position obtained during a press oper-
ation, positional correction so that an actual bottom
dead center position of a slide is adjusted to the pre-
set target bottom dead center position;
a selected lower bottom dead center position setting
section, which sets a selected lower bottom dead
center position selected as a position lower than the
preset target bottom dead center position;
a selected higher bottom dead center position setting
section, which sets a selected higher bottom dead
center position selected as a position higher than the
selected lower bottom dead center position;
a lowering-operation bottom dead center position
switching section, which switches the preset target
bottom dead center position to the selected lower
bottom dead center position when a lowering oper-
ation association signal of the actuator is input; and
a raising-operation bottom dead center position
switching section, which switches the preset target
bottom dead center position to the selected higher
bottom dead center position when a raising operation
association signal of the actuator is input,
in which the bottom dead center position correction
control section is configured to:
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when a difference between lowering-operation
actually measured bottom dead center positions
in two sequential strokes of the slide is equal to
or larger than a lowering-operation preset bot-
tom dead center position fluctuation amount,
based on the selected lower bottom dead center
position in place of the preset target bottom dead
center position and on the detected bottom dead
center position, perform positional correction so
that the actual bottom dead center position of
the slide is adjusted to the selected lower bottom
dead center position; and
when a difference between raising-operation ac-
tually measured bottom dead center positions
in two sequential strokes of the slide is equal to
or larger than a raising-operation preset bottom
dead center position fluctuation amount, based
on the selected higher bottom dead center po-
sition in place of the preset target bottom dead
center position and on the detected bottom dead
center position, perform positional correction so
that the actual bottom dead center position of
the slide is adjusted to the selected higher bot-
tom dead center position.

According to the third embodiment of the invention, the
effects similar to those in the second embodiment of the
invention may be produced. Further, as compared to the
second embodiment of the invention, the bottom dead
center position correction control section may function
while grasping the change of the bottom dead center po-
sition that is caused by the lowering and raising opera-
tions of the actuator, and thus a higher control response
speed may be obtained, with the result that a higher-
quality product may be manufactured.
[0031] Further, in the second or third embodiment of
the invention, under a condition that the lowering opera-
tion association signal of the actuator has been input and
the difference between the lowering-operation actually
measured bottom dead center positions in the two se-
quential strokes of the slide has become equal to or larger
than the lowering-operation preset bottom dead center
position fluctuation amount, the selected higher bottom
dead center position setting section may be capable of
automatically setting one of the lowering-operation actu-
ally measured bottom dead center positions, which is ob-
tained previously, as the selected higher bottom dead
center position.
With this configuration, the effects similar to those in the
second or third embodiment of the invention may be pro-
duced. Further, as compared to the above-mentioned
respective embodiments of the invention, the actually
measured bottom dead center position on the higher-
side, which is obtained for the first time when the actuator
is lowered, may automatically be set as the selected high-
er bottom dead center position, and hence the bottom
dead center position at the time of the raising operation
of the actuator may be corrected to be an optimum bottom

dead center position that is suited to characteristics of
the press machine and a manner of the press operation.
[0032] Further, in the second or third embodiment of
the invention, under a condition that the lowering opera-
tion association signal of the actuator has been input and
the difference between the lowering-operation actually
measured bottom dead center positions in the two se-
quential strokes of the slide has become equal to or larger
than the lowering-operation preset bottom dead center
position fluctuation amount, the selected lower bottom
dead center position setting section may be capable of
automatically setting one of the lowering-operation actu-
ally measured bottom dead center positions, which is ob-
tained subsequently, as the selected lower bottom dead
center position.
With this configuration, the effects similar to those in the
second or third embodiment of the invention may be pro-
duced. Further, as compared to the above-mentioned
respective embodiments of the invention, the actually
measured bottom dead center position on the lower-side,
which is obtained subsequently when the actuator is low-
ered, may automatically be set as the selected lower bot-
tom dead center position, and hence the bottom dead
center position at the time of the lowering operation of
the actuator may be corrected to be an optimum bottom
dead center position that is suited to characteristics of
the press machine and a manner of the press operation.
[0033] Further, in the second or third embodiment of
the invention, the selected higher bottom dead center
position may be a position lower than the preset target
bottom dead center position.
With this configuration, the effects similar to those in the
second or third embodiment of the invention may be pro-
duced. Further, as compared to the above-mentioned
respective embodiments of the invention, the bottom
dead center position at the time of the raising operation
of the actuator may be corrected to be a bottom dead
center position that is lower than the target bottom dead
center position and suited to the manner of the press
operation.

Brief Description of the Drawings

[0034] In the accompanying drawings:

FIG. 1 is an explanatory schematic front view illus-
trating a press machine according to an embodiment
of the present invention;
FIG. 2 is an explanatory block diagram illustrating a
press operation control device;
FIG. 3 is an explanatory flow chart illustrating an op-
eration of correction control for a bottom dead center
position;
FIG. 4 is an explanatory view illustrating projections
in a crimping portion;
FIG. 5 is an explanatory view illustrating an outer
appearance of a workpiece (lamination motor core)
subjected to press working;
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FIGS. 6 and 7 are explanatory sectional partially
schematic side views illustrating a workpiece sup-
port unit (receiving base 120) priovided in the press
machine;
FIG. 8 is an explanatory timing chart illustrating an
operation of correcting the bottom dead center po-
sition on a cycle-shot basis;
FIG. 9A is an explanatory timing chart illustrating an
operation of correcting the bottom dead center po-
sition during an accelerated press operation at a
stage at which tests and studies are conducted to
arrive at the present invention;
FIG. 9B is an explanatory timing chart illustrating the
operation of correcting the bottom dead center po-
sition during a constant-speed press operation at the
stage at which the tests and studies are conducted
to arrive at the present invention;
FIG. 10 is an explanatory timing chart illustrating an
operation of correcting the bottom dead center po-
sition at the stage at which the tests and studies are
conducted to arrive at the present invention;
FIG. 11 is an explanatory timing chart illustrating a
fluctuation of the bottom dead center position during
the accelerated press operation according to a con-
ventional example without an actuator;
FIG. 12A is an explanatory timing chart illustrating a
fluctuation of the bottom dead center position mainly
during the accelerated press operation according to
a conventional example with an actuator; and
FIG. 12B is an explanatory timing chart illustrating a
fluctuation of the bottom dead center position during
the constant-speed press operation according to the
conventional example with an actuator.

Detailed Description of the preferred Embodiments

[0035] In the following, an exemplary embodiment of
the present invention is described in detail with reference
to the accompanying drawings (FIGS. 1 to 6).
[0036] The present invention provides a press ma-
chine, including: a bottom dead center position correction
control section (31, 33, 34), which performs, based on a
preset target bottom dead center position Hx and a de-
tected bottom dead center position (Spsa, Spsb) ob-
tained during a press operation, positional correction so
that an actual bottom dead center position of a slide 5 is
adjusted to the target bottom dead center position Hx; a
selected bottom dead center position setting section (35
and 31, 33, 34), which sets a selected bottom dead center
position; and a bottom dead center position switching
section (31, 33, 34), which switches the target bottom
dead center position to the selected bottom dead center
position. The bottom dead center position correction con-
trol section (31, 33, 34) is configured to perform, based
on the selected bottom dead center position after the
switching and the detected bottom dead center position,
positional correction so that the actual bottom dead cent-
er position of the slide 5 is adjusted to the selected bottom

dead center position.
[0037] Note that, a workpiece herein refers to any one
of a material (thin plate) before press working, a half-
finished product subjected to the press working, and a
product completed through lamination. Further, for con-
venience of the description, the bottom dead center po-
sition correction control section (31, 33, 34) that functions
when a manual operation mode is selected at the time
of executing the correction of the bottom dead center
position may sometimes be referred to as "first bottom
dead center position correction control section", the bot-
tom dead center position correction control section (31,
33, 34) that functions when a second automatic operation
mode is selected may sometimes be referred to as "sec-
ond bottom dead center position correction control sec-
tion", and the bottom dead center position correction con-
trol section (31, 33, 34) that functions when a first auto-
matic operation mode is selected may sometimes be re-
ferred to as "third bottom dead center position correction
control section".
[0038] The selected bottom dead center position set-
ting section (35 and 31, 33, 34) is capable of setting the
selected bottom dead center position (for example, a se-
lected higher bottom dead center position) selected (or
serving) as a position lower than the target bottom dead
center position Hx. The bottom dead center position
switching section (31, 33, 34) is capable of switching the
target bottom dead center position to the selected bottom
dead center position in association with a raising and
lowering operation association signal Sdyc (for example,
a raising operation association signal a raising operation
start command signal Sup) of an actuator. Under a state
in which a workpiece support unit is returned to a press
working position, the first bottom dead center position
correction control section (31, 33, 34) is configured to
perform, based on the selected bottom dead center po-
sition after the switching (for example, the selected higher
bottom dead center position) and the detected bottom
dead center position, the positional correction so that the
actual bottom dead center position is adjusted to the se-
lected bottom dead center position.
[0039] Further, when the workpiece support unit is low-
ered in a direction of a product ejecting position, the press
machine is configured to restrict the bottom dead center
position through use of a stopper block. Thus, it is pos-
sible to prevent an abrupt and excessive rise of the actual
bottom dead center position that occurs along with a rais-
ing operation performed again after the lowering opera-
tion of the actuator.
[0040] In this embodiment, in order to achieve a higher
selectivity of a wide variety of functions and a simpler
operation, the press machine is capable of selectively
executing optimum correction of the bottom dead center
position that is suited to characteristics of the press ma-
chine and a manner of the press operation.
[0041] Specifically, the selected bottom dead center
position setting section is capable of setting a selected
higher bottom dead center position and a selected lower
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bottom dead center position, and selecting a manual set-
ting and an automatic setting. Further, the bottom dead
center position switching section is capable of switching
the target bottom dead center position in accordance with
an operation status of the actuator (raising and lowering
operation association signal Sdyc), and also capable of
selecting a condition to start the correction control by the
bottom dead center position correction control section.
Still further, the selected higher bottom dead center po-
sition and the selected lower bottom dead center position
may be measured automatically in accordance with the
operation status of the actuator (raising and lowering op-
eration association signal Sdyc), and a selected higher
bottom dead center position setting section and a select-
ed lower bottom dead center position setting section are
capable of automatically setting the actually measured
values of the selected higher bottom dead center position
and the selected lower bottom dead center position, re-
spectively.
[0042] By the way, a press machine 1 illustrated in FIG.
1 includes the actuator capable of lowering the workpiece
support unit from the press working position on the upper
side by a distance corresponding to a predetermined
amount or more, and raising the workpiece support unit
so as to be returned to the original press working position
after ejecting the product.
[0043] The workpiece support unit is corresponding to
the receiving base 120 as shown in FIGS. 6 and 7. The
actuator 100 corresponds to the hydraulic cylinder 100,
and is firmly fixed to the bottom surface of the insert plate
of the press bolster 9. The receiving base 120 and the
actuator 100 respectively may have the same structure
as the receiving base (12) and the actuator (10) described
in Japanese Utility Model Examined Publication No.
H02-25549.
[0044] The press machine 1 is configured to punch a
thin plate through use of a press, and form crimping pro-
jections having depressed portions on a front surface of
the thin plate and projecting portions on a back surface
thereof (see FIGS. 4 and 5 of the present application).
In a laminating die, in a laminating process before the
product is completed, a fitting and crimping pressure is
applied to the half-finished products. Then, the plurality
of half-finished products are laminated to obtain the prod-
uct (such as a motor core and a transformer). The actu-
ator supports the half-finished products from the bottom
in the lower die so as to smoothly carry out the above-
mentioned processing steps.
[0045] Specifically, the actuator 100 is capable of low-
ering a workpiece support unit 120 (receiving base 120)
to a product ejecting position (see (ii) of FIG. 7), which
is located lower than a press working position (see (i) of
FIG. 7) by a distance corresponding to a predetermined
amount or more, and raising the workpiece support unit
120 so as to be returned to the press working position
(see (iii) of FIG. 7) after ejecting the product. Please see
FIGS. 6 and 7.
[0046] More specifically, a lamination core having

crimping projections and depressions formed therein in
a previous step for each press stroke is finally punched
into the laminating die 8. The actuator 100 inside the die
8 generates a receiving force when the lamination core
is punched and crimped through use of the punch, and
is lowered by an amount corresponding to a plate thick-
ness of the lamination core for each crimping (see (i) of
FIG. 7). Further, when ejecting the product (having the
lamination cores laminated at a predetermined lamina-
tion thickness) from the die, the actuator 100 (hydraulic
cylinder) is temporarily depressurized and lowered to the
product ejecting position (see (ii) of FIG. 7), and after the
product is ejected from the die, the actuator 100 is raised
and pressurized again (see (iii) of FIG. 7).
Incidentally, while the product (having the lamination
cores laminated at a predetermined lamination thick-
ness) is ejected from the die, press work (punching work)
for punching the workpiece by the press machine 1 is
continuously performed. That is, in (ii) of FIG. 7, press
working operation (punching work) for punching the
workpiece by the press machine 1 is continuously per-
formed. At this time, circumferential surfaces of the
punched workpieces are supported by a hole of the die
8, as shown in (ii) of FIG. 7.
[0047] Further, every time a predetermined number of
the above-mentioned lamination cores are punched into
the die, one of the lamination cores has only the de-
pressed portions formed therein (without the projecting
portions). Due to this lamination core, a lamination core
that is punched into the die prior to this lamination core
is not coupled to a succeeding lamination core that is
punched into the die subsequently to this lamination core.
[0048] Along with the movement of the actuator 100,
the bottom dead center of the slide 5 of the press machine
1 is also repeatedly lowered and raised (recovered)
abruptly in accordance with a clearance inside a suspen-
sion for driving the slide 5 and a load on the actuator 100.
When the actuator 100 inside the die 8 is lowered so as
to eject, from the die, the lamination cores that are lam-
inated at a predetermined lamination thickness, the re-
ceiving force generated by the actuator 100 against the
punch when the lamination core is punched and crimped
is eliminated, and hence the bottom dead center of the
slide 5 is lowered abruptly.
[0049] Herein, concerning "press working position"
and "distance corresponding to the predetermined
amount or more" as described in the present invention,
"press working position" denotes a position where the
work supporting unit 120 supports the stacked workpiec-
es, in order to laminate the workpieces punched in the
die 8. And "distance corresponding to the predetermined
amount or more" refers to such a distance that the reac-
tion force applied thus far is eliminated during the lower-
ing operation of the slide 5 and the bottom dead center
position of the slide 5 therefore fluctuates significantly.
This distance is a large distance that cannot be generated
during the press working operation of the press machine
without the actuator. In other words, in the press machine
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having the conventional bottom dead center position cor-
recting device built therein, this distance is a large dis-
tance that causes an excessive delay in control time, an
oscillation in the control, or a trouble in the control.
[0050] In FIG. 1, a main body of the press machine 1
is constructed of a crown 2 on an upper side, a bed 3 on
a lower side, and columns 4 arranged at four corners in
plan view, for coupling the crown 2 and the bed 3 inte-
grally to each other. The slide 5 guided along the columns
4 so as to be movable in a vertical direction is moved in
the vertical direction (raised and lowered) by a slide drive
mechanism 6. One vertical movement of the slide 5 is
referred to as "one stroke". An upper die 7 is mounted
onto the slide 5, and a lower die 8 is mounted onto a
bolster 9 that is provided on the bed 3. A distance be-
tween relative vertical positions of the upper die 7 and
the lower die 8 at the bottom dead center of the slide 5,
that is, a distance between a bottom surface of the slide
5 and a top surface of the bolster 9 is referred to as "die
height". Maintaining a constant die height is an essential
condition to keep the precision (quality) of the press prod-
uct. That is, the height of the top surface of the bolster 9
is constant, and hence, for the manufacture of a high-
quality product, it is essential to maintain a constant bot-
tom dead center position of the slide 5.
[0051] A crank mechanism (including a crankshaft 1S
and connecting rods 1C) is arranged inside the crown 2.
The crankshaft 1S is rotated by a main motor (not shown)
through an intermediation of a clutch. A reduction gear
mechanism may be interposed in some cases. Further,
the slide drive mechanism 6 and the slide 5 are driven
to be raised and lowered by the connecting rods 1C ro-
tatably suspended from the crankshaft 1S. The raising
and lowering operation of the slide 5 ranges from a top
dead center position of the crank mechanism to a bottom
dead center position thereof.
[0052] A crankshaft encoder (not shown) that detects
a rotational angle of the crankshaft 1S is provided on a
shaft portion at the other end of the crankshaft 1S. The
rotational angle detected by the crankshaft encoder is
subjected to signal processing, and thus a press speed
(SPM; Storokes Per Minutes) and a current vertical po-
sition of the slide 5 (such as the bottom dead center po-
sition) may be detected.
[0053] Note that, the press machine 1 is not particularly
limited in its structure and configuration. Further, the slide
drive mechanism is not limited to the crank mechanism
according to this embodiment, and similarly to this em-
bodiment, the present invention may be carried out also
in a case of other such structures and configurations that
the fluctuation amount (protrusion amount) of the bottom
dead center position of the slide 5 tends to increase as
the press speed increases (for example, an eccentric
drive mechanism, a link drive mechanism, or a screw
drive mechanism).
[0054] A slide position adjusting mechanism 10 in-
cludes a worm shaft 11 and structural portions (including
a worm wheel (not shown) and an adjustment screw (not

shown)) arranged on a bottom surface of the crown 2,
and is capable of adjusting a relative vertical position of
the slide 5 (that is, a bottom surface position of the slide
5) by rotating the worm shaft 11 and a slide adjustment
coupling shaft 16 through drive of a slide adjusting motor
12. Also during the vertical movement of the slide 5 by
the crank mechanism (1S, 1C), the position of the slide
5 may be adjusted to be raised and lowered by the slide
position adjusting mechanism 10.
[0055] The slide adjusting motor 12 is a servomotor,
and a rotation direction, a rotation amount, and torque
thereof are controlled based on a drive control signal Sdv
output from a position control unit 15 illustrated in FIG.
2. A servo amplifier is omitted from the drawings. The
drive control signal Sdv is generated and output as a
signal corresponding to a deviation signal obtained
based on a position indicated by a control target bottom
dead center position signal Cdv, which corresponds to a
press motion set through use of a touch panel 35 and
determined by a press operation control section (31, 33,
34), and a position indicated by a bottom dead center
position signal (feedback value) θaj, which is detected
by a slide adjustment encoder 17. The control target bot-
tom dead center position signal Cdv is input via an inter-
face 38.
[0056] The bottom dead center position of the slide 5
is detected (measured) by position sensors 18a and 18b
of FIG. 1, which are capable of detecting a relative posi-
tional relationship between the slide (bottom surface) 5
and the bolster 9, and by bottom dead center detection
sensor amplifiers 19a and 19b of FIG. 2, which read slide
position signals Spsa and Spsb obtained through the de-
tection. The detection timing is determined based on a
timing signal Stg, which is generated and output through
predetermined processing on a crank angle signal ob-
tained through the detection by the above-mentioned
crankshaft encoder. The detected bottom dead center
position can be handled as an average value of the de-
tected bottom dead center positions on the right and left.
[0057] The press machine 1 is configured to punch a
thin plate illustrated in FIG. 4 through use of a press, and
form crimping projections having depressed portions on
a front surface of the thin plate and projecting portions
on a back surface thereof. In a laminating die, in a lam-
inating process before the product is completed, a fitting
and crimping pressure is applied to the half-finished prod-
ucts (workpieces). Then, the plurality of half-finished
products are laminated while supporting the half-finished
products from the bottom in the lower die in cooperation
of the actuator. In this manner, a product illustrated in
FIG. 5 (motor core, transformer, and the like) is manu-
factured.
[0058] Other mechanical and structural combinations
of the press machine 1 and the actuator and basic func-
tional aspects thereof are implemented similarly to the
case of Japanese Utility Model Examined Publication No.
H02-25549 (FIGS. 3 and 4) described above, and further
description thereof is therefore omitted herein. Note that,
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the present invention may be carried out also in a case
where modifications are made in association with the
structural or functional aspects.
[0059] A die control device 20 is configured to generate
various signals for controlling the dies (actuator pressur-
ization and depressurization signal, lamination signal,
lamination count signal, punch control signal, and the
like). FIGS. 1 and 2 illustrate the die operation status
signal Sdyc (lowering operation association signal Sdw
and raising operation association signal Sup), which is
input to a press operation control device 30 via the inter-
face 38 and is necessary for correction control for the
bottom dead center position, and a die control command
signal Sudc, which is input from the press operation con-
trol device 30 to the die control device 20.
[0060] The lowering operation association signal Sdw
is selected from among a lowering operation start com-
mand signal, a lowering operation start signal, a lowering
operation near-completion signal, a lowering operation
completion signal, and the like of the actuator (workpiece
support base) depending on intended use, and the se-
lected signal may be changed. The raising operation as-
sociation signal Sup is selected from among a raising
operation start command signal, a raising operation start
signal, a raising operation near-completion signal, a rais-
ing operation completion signal, and the like of the actu-
ator (workpiece support base) depending on intended
use, and the selected signal may be changed.
[0061] In FIG. 2, the press operation control device 30
includes the CPU 31, a ROM 32, the RAM 33, the HDD
34, the touch panel 35, and the interfaces 38 and 39. The
ROM 32 stores an OS, a basic control program, and fixed
values. The HDD 34 stores and holds various control
programs for carrying out the present invention. The HDD
34 also stores and holds data that is set through input,
data obtained through detection, and other data. Note
that, the HDD 34 used herein is an example of a nonvol-
atile memory, and hence a different kind of nonvolatile
memory may be used in place of the HDD 34. For con-
venience of the description, it is assumed that the touch
panel 35 includes an operation unit 36 and a display unit
37.
[0062] The bottom dead center position correction con-
trol section (31, 33, 34) is implemented by the HDD 34
that stores a bottom dead center position correction con-
trol program, and by the CPU 31 that executes the bottom
dead center position correction control program loaded
onto the RAM 33. The bottom dead center position cor-
rection control section (31, 33, 34) is configured to exe-
cute, based on the preset target bottom dead center po-
sition Hx and the detected bottom dead center position
obtained during the press operation, the positional cor-
rection so that the actual bottom dead center position of
the slide 5 is adjusted to the target bottom dead center
position. When a press motion is set through use of the
touch panel 35, or when a preset and prestored press
motion is selected and designated, the target bottom
dead center position Hx corresponding to the press mo-

tion is determined.
[0063] In this description, for example, a "bottom dead
center position correction control section (31, 33, 34)"
refers to a functional element that is implemented by a
CPU 31, a RAM 33, and a HDD 34 of FIG. 2.
[0064] The selected bottom dead center position set-
ting section is configured to set the selected bottom dead
center position selected as the position lower than the
target bottom dead center position Hx. In this embodi-
ment, the selected bottom dead center position setting
section includes the selected lower bottom dead center
position setting section and the selected higher bottom
dead center position setting section, and further, two
types of systems, specifically, a manual setting mode
and an automatic setting mode are provided to the se-
lected lower bottom dead center position setting section
and the selected higher bottom dead center position set-
ting section. Further, in the actual operation, the setting
mode is switchable by operating the touch panel 35 (op-
eration unit 36). This is for the purpose of executing op-
timum correction control for the bottom dead center po-
sition that is suited to the characteristics of the press ma-
chine 1, the manner of the operation, and the like.
[0065] Note that, the selected bottom dead center po-
sition setting section may be implemented by a single
setting section configured to set the selected bottom
dead center position (corresponding to, for example, a
higher bottom dead center position). This is because,
when the correction control is performed with this select-
ed bottom dead center position (corresponding to the
higher bottom dead center position) set as the target val-
ue, the abrupt and excessive fluctuation of the bottom
dead center position at the time of the raising operation
of the actuator may be prevented.
[0066] The selected lower bottom dead center position
setting section used in the manual setting mode is im-
plemented by the touch panel 35, and is capable of set-
ting the selected lower bottom dead center position (po-
sition lower than the target bottom dead center position)
while confirming, on the display unit 37, the data input
through use of the operation unit 36. The set lower bottom
dead center position is stored and held in a set bottom
dead center position storage area of the HDD 34. Simi-
larly, the selected higher bottom dead center position set-
ting section used in the manual setting mode is imple-
mented by the touch panel 35, and is capable of setting
the selected higher bottom dead center position (position
higher than the selected lower bottom dead center posi-
tion) while confirming, on the display unit 37, the data
input through use of the operation unit 36. The set higher
bottom dead center position is stored and held in the set
bottom dead center position storage area of the HDD 34.
[0067] Note that, the selected higher bottom dead cent-
er position may be set as a position lower than the target
bottom dead center position Hx. This is because the se-
lected higher bottom dead center position is mostly closer
to the actual bottom dead center position at the time of
the actual press operation of the press machine 1.
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[0068] Referring to FIG. 3, under a condition that the
lowering operation association signal (for example, the
lowering operation start command signal) Sdw of the ac-
tuator has been input (YES (Y) in Step 3 (ST3)) and a
difference between lowering-operation actually meas-
ured bottom dead center positions Hdwbf and Hdwaf in
two sequential strokes of the slide 5 (the difference is
expressed by Δdw (=Hdwbf-Hdwaf)) has become equal
to or larger than a lowering-operation preset bottom dead
center position fluctuation amount (Δdsdw) (YES in ST5),
the selected higher bottom dead center position setting
section (31, 33, 34) used in the automatic setting mode
is configured to automatically set the lowering-operation
actually measured bottom dead center position Hdwbf,
which is obtained previously, as the selected higher bot-
tom dead center position (ST6).
[0069] The lowering-operation bottom dead center po-
sition fluctuation amount (Δdsdw) is set in advance
through use of the lowering-operation bottom dead cent-
er position fluctuation amount setting section 35, and is
stored and held in an allowable fluctuation amount stor-
age area of the HDD 34. Under a condition that the low-
ering operation association signal (lowering operation
start command signal) Sdw has been input (YES in ST3),
the actually measured bottom dead center positions Hd-
wbf and Hdwaf are obtained by a first sequential bottom
dead center position measuring section (31, 33, 34)
(ST4).
[0070] Referring to FIG. 3, under a condition that the
lowering operation association signal (lowering operation
start command signal) Sdw of the actuator has been input
(YES in ST3) and the difference between the lowering-
operation actually measured bottom dead center posi-
tions Hdwbf and Hdwaf in the two sequential strokes of
the slide 5 (the difference is expressed by Δdw (=Hdwbf-
Hdwaf)) has become equal to or larger than the lowering-
operation preset bottom dead center position fluctuation
amount (Δdsdw) (YES in ST5), the selected lower bottom
dead center position setting section (31, 33, 34) used in
the automatic setting mode is configured to automatically
set the lowering-operation actually measured bottom
dead center position Hdwaf, which is obtained subse-
quently, as the selected lower bottom dead center posi-
tion (ST7).
[0071] Note that, the value of the lowering-operation
preset bottom dead center position fluctuation amount
(Δdsdw), which is used in the determination of ST5, may
be set equal or unequal to the value of a raising-operation
preset bottom dead center position fluctuation amount
(Δdsup), which is used in the determination of ST12. The
value can be determined depending on the manner of
the operation.
[0072] The bottom dead center position switching sec-
tion (31, 33, 34) is configured to switch the target bottom
dead center position Hx to the selected bottom dead cent-
er position, which is set through use of the touch panel
35, in association with the raising and lowering operation
association signal (for example, the raising operation

start command signal, the raising operation near-com-
pletion signal, or the raising operation completion signal)
Sdyc of the actuator.
[0073] In this embodiment, the bottom dead center po-
sition switching section includes two types of compo-
nents, specifically, a lowering-operation bottom dead
center position switching section and a raising-operation
bottom dead center position switching section, which are
both capable of automatically switching the bottom dead
center position.
[0074] Specifically, when the lowering operation asso-
ciation signal (for example, the lowering operation start
command signal) Sdw of the actuator has been input
(YES in ST3), the lowering-operation bottom dead center
position switching section (31, 33, 34), which functions
in the automatic setting mode, is configured to switch the
target bottom dead center position Hx to the selected
lower bottom dead center position Hdwaf (ST8). On the
other hand, when the raising operation association signal
(for example, the raising operation start command signal)
Sup of the actuator has been input (YES in ST10 of FIG.
3), the raising-operation bottom dead center position
switching section (31, 33, 34) is configured to switch the
target bottom dead center position Hx to the selected
higher bottom dead center position Hdwbf (ST13).
[0075] Next, the first bottom dead center position cor-
rection control section (31, 33, 34) is configured to con-
trol, based on the selected bottom dead center position
after the switching and the detected bottom dead center
position, the positional correction so that the actual bot-
tom dead center position of the slide 5 is adjusted to the
selected bottom dead center position. In this embodi-
ment, a correction control execution condition of the bot-
tom dead center position correction control section may
be selected.
[0076] Specifically, the second bottom dead center po-
sition correction control section (31, 33, 34) is configured
to: under a state in which the workpiece support unit is
lowered from the press working position by the distance
corresponding to the predetermined amount or more,
based on the selected lower bottom dead center position
in place of the target bottom dead center position Hx and
on the detected bottom dead center position, control the
positional correction so that the actual bottom dead cent-
er position of the slide 5 is adjusted to the selected lower
bottom dead center position; and under a state in which
the workpiece support unit is raised so as to be returned
to the press working position, based on the selected high-
er bottom dead center position in place of the target bot-
tom dead center position Hx and on the detected bottom
dead center position, control the positional correction so
that the actual bottom dead center position of the slide 5
is adjusted to the selected higher bottom dead center
position.
[0077] In this case, the "state in which the workpiece
support unit is lowered from the press working position
by the distance corresponding to the predetermined
amount or more" and the "state in which the workpiece
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support unit is raised so as to be returned to the press
working position" are determined based on the die oper-
ation status signal Sdyc output from the die control device
20. Note that, other confirmation units (for example, a
limit switch and a proximity switch) may be provided to
perform the determination.
[0078] The third bottom dead center position correction
control section (31, 33, 34) is a system that automatically
determines, based on the fluctuation of the bottom dead
center position, the "state in which the workpiece support
unit is lowered from the press working position by the
distance corresponding to the predetermined amount or
more" and the "state in which the workpiece support unit
is raised so as to be returned to the press working posi-
tion", which are related to the second bottom dead center
position correction control section.
[0079] Specifically, the third bottom dead center posi-
tion correction control section (31, 33, 34) is configured
to: when the difference between the lowering-operation
actually measured bottom dead center positions Hdwbf
and Hdwaf in the two sequential strokes of the slide 5
(the difference is expressed by Δdw (=Hdwbf-Hdwaf)) is
equal to or larger than the lowering-operation preset bot-
tom dead center position fluctuation amount (Δdsdw)
(YES in ST5), based on the selected lower bottom dead
center position Hdwaf in place of the target bottom dead
center position Hx and on the detected bottom dead cent-
er position, control the positional correction so that the
actual bottom dead center position of the slide 5 is ad-
justed to the selected lower bottom dead center position
Hdwaf (ST9). The lowering-operation actually measured
bottom dead center positions Hdwbf and Hdwaf in the
two sequential strokes of the slide 5 are obtained by the
first sequential bottom dead center position measuring
section (31, 33, 34) (ST4) after the lowering operation
association signal (lowering operation start command
signal) Sdw is input (YES in ST3).
[0080] Further, the third bottom dead center position
correction control section (31, 33, 34) is configured to:
when the difference between the raising-operation actu-
ally measured bottom dead center positions Hupbf and
Hupaf in the two sequential strokes of the slide 5 (the
difference is expressed by Δup (=Hupaf-Hupbf)) is equal
to or larger than the raising-operation preset bottom dead
center position fluctuation amount (Δdsup) (YES in
ST12), based on the selected higher bottom dead center
position Hdwbf in place of the target bottom dead center
position Hx (Hdwaf) and on the detected bottom dead
center position, control the positional correction so that
the actual bottom dead center position of the slide 5 is
adjusted to the selected higher bottom dead center po-
sition Hdwbf (ST14). The raising-operation bottom dead
center position fluctuation amount (Δdsup) is set in ad-
vance through use of the raising-operation bottom dead
center position fluctuation amount setting section 35, and
is stored and held in the allowable fluctuation amount
storage area of the HDD 34. The raising-operation actu-
ally measured bottom dead center positions Hupbf and

Hupaf in the two sequential strokes of the slide 5 are
obtained by a second sequential bottom dead center po-
sition measuring section (31, 33, 34) (ST11) after the
raising operation association signal (raising operation
start command signal) Sup is input (YES in ST10).
[0081] Next, operations according to this embodiment
are described.

(First Automatic Operation)

[0082] The first automatic operation mode is selected
in advance through use of the touch panel 35. The se-
lected bottom dead center position setting section 35 is
used in the manual setting mode to set the selected bot-
tom dead center position (target bottom dead center po-
sition Hx). Specifically, when a press motion is set, the
bottom dead center position switching section (31, 33,
34) switches the target value to the target bottom dead
center position Hx corresponding to the set press motion
(ST1 of FIG. 3). When a correction start command is
issued, the third bottom dead center position correction
control section (31, 33, 34) functions to control, based
on the selected bottom dead center position Hx and the
detected bottom dead center position (Spsa, Spsb), the
positional correction so that the actual bottom dead cent-
er position of the slide 5 is adjusted to the selected bottom
dead center position (ST2). The correction is continued
until the lowering operation association signal Sdw is in-
put (NO in ST3, ST2). Specifically, the control target bot-
tom dead center position signal Cdv of FIG. 2 correspond-
ing to the press motion is generated and output to the
position control unit 15. The slide adjusting motor 12 is
driven to rotate based on the drive control signal Sdv
output from the position control unit 15 (corresponding
to the control target bottom dead center position signal
Cdv). The correction of the bottom dead center position
is executed (ST2). As indicated on the left end side of
FIG. 8, a downward inertial force applied to the slide 5
at the bottom dead center increases along with the in-
crease in press speed, but the fluctuation of the bottom
dead center position may be eliminated through the cor-
rection control for the bottom dead center. There is no
significant fluctuation. Further, when the press speed is
stable, there is substantially no fluctuation of the bottom
dead center position.
[0083] After the lowering operation association signal
(lowering operation start command signal) Sdw of the
actuator is input from the die control device 20 to the
press operation control device 30 (YES in ST3), the first
sequential bottom dead center position measuring sec-
tion (31, 33, 34) obtains the lowering-operation actually
measured bottom dead center positions Hdwbf and Hd-
waf in the two sequential strokes of the slide 5 (ST4).
The slide position signals Spsa and Spsb obtained
through the detection by the position sensors 18a and
18b are subjected to signal processing to obtain the low-
ering-operation actually measured bottom dead center
positions Hdwbf and Hdwaf. Under the condition that the
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lowering operation association signal (lowering operation
start command signal) Sdw has been input (YES in ST3)
and the difference (Δdw) between the lowering-operation
actually measured bottom dead center positions Hdwbf
and Hdwaf has become equal to or larger than the low-
ering-operation preset bottom dead center position fluc-
tuation amount (Δdsdw) (YES in ST5), the selected high-
er bottom dead center position setting section (31, 33,
34) automatically sets the lowering-operation actually
measured bottom dead center position Hdwbf, which is
obtained previously, as the selected higher bottom dead
center position (ST6). When the difference (Δdw) be-
tween the lowering-operation actually measured bottom
dead center positions Hdwbf and Hdwaf is not equal to
or larger than the lowering-operation preset bottom dead
center position fluctuation amount (Δdsdw), the actual
measurement is performed again (NO in ST5, ST4).
[0084] That is, at the time of the lowering operation,
the target value (Hdwbf), which is then necessary at the
time of the raising operation of the actuator, is secured
in advance. Thus, the bottom dead center position after
the raising operation of the actuator may be corrected
based on practical information reflecting various condi-
tions such as the characteristics of the press machine 1,
the properties of the product, and the manner of the op-
eration, and hence the quality of the product may be kept
high. The automatic determination of the target value
leads to easy handling and high work efficiency.
[0085] Simultaneously, under the condition that the
lowering operation association signal (lowering operation
start command signal) Sdw has been input (YES in ST3)
and the difference (Δdw) between the lowering-operation
actually measured bottom dead center positions Hdwbf
and Hdwaf has become equal to or larger than the low-
ering-operation preset bottom dead center position fluc-
tuation amount (Δdsdw) (YES in ST5), the selected lower
bottom dead center position setting section (31, 33, 34)
automatically sets the lowering-operation actually meas-
ured bottom dead center position Hdwaf, which is ob-
tained subsequently, as the selected lower bottom dead
center position (ST7).
[0086] The lowering operation association signal (low-
ering operation start command signal) Sdw of the actu-
ator has been input (YES in ST3), and hence the lower-
ing-operation bottom dead center position switching sec-
tion (31, 33, 34) then switches the target bottom dead
center position Hx to the selected lower bottom dead
center position Hdwaf (ST8). The third bottom dead cent-
er position correction control section (31, 33, 34) contin-
uously executes, based on the selected lower bottom
dead center position Hdwaf and the detected bottom
dead center position (Spsa, Spsb), the correction of the
bottom dead center position so that the actual bottom
dead center position of the slide 5 is adjusted to the se-
lected lower bottom dead center position Hdwaf (ST9).
As illustrated in FIG. 8, when the workpiece support unit
is lowered in the direction of the product ejecting position
by the actuator, the receiving force generated by the ac-

tuator against the punch when the lamination core is
punched and crimped is eliminated, and hence the bot-
tom dead center position is lowered significantly. How-
ever, the control target value is switched to the selected
lower bottom dead center position Hdwaf corresponding
to the position after the lowering operation, and hence
stable correction control for the bottom dead center po-
sition is ensured. That is, as illustrated in FIG. 8, it is
possible to clear the significant time delay Dyd illustrated
in FIGS. 9A and 9B corresponding to FIG. 8.
[0087] After the product (having the lamination cores
laminated at a predetermined lamination thickness) is
ejected from the die, the raising operation association
signal (raising operation start command signal) Sup is
input from the die control device 20 to the press operation
control device 30 so as to return the actuator (workpiece
support unit) to the press working position (YES in ST10),
and then the actuator (hydraulic cylinder) is pressurized
and raised. The second sequential bottom dead center
position measuring section (31, 33, 34) obtains the rais-
ing-operation actually measured bottom dead center po-
sitions Hupbf and Hupaf in the two sequential strokes of
the slide 5 (ST11). When the difference (Δup) between
the raising-operation actually measured bottom dead
center positions Hupbf and Hupaf is equal to or larger
than the raising-operation preset bottom dead center po-
sition fluctuation amount (Δdsup) (YES in ST12), the tar-
get bottom dead center position (Hdwaf←Hx) is switched
to the selected higher bottom dead center position Hd-
wbf. Note that, the correction is continued until the raising
operation association signal Sup is input (NO in ST10,
ST9). Further, when the difference (Δup) between the
raising-operation actually measured bottom dead center
positions Hupbf and Hupaf is not equal to or larger than
the raising-operation preset bottom dead center position
fluctuation amount (Δdsup), the actual measurement is
performed again (NO in ST12, ST11).
[0088] The receiving force is generated by the actuator
(hydraulic cylinder) against the punch when the lamina-
tion core is punched and crimped, and the bottom dead
center position is raised significantly as illustrated in FIG.
8. However, the bottom dead center position is returned
from the product ejecting position (Hdwaf), which is low-
ered by the predetermined amount or more due to the
previous lowering operation of the workpiece support unit
(actuator), to the press working position (Hdwbf) before
the workpiece support unit (actuator) is lowered, but it is
understood that the bottom dead center position is not
raised significantly beyond the press working position
(Hdwbf).
[0089] Specifically, the third bottom dead center posi-
tion correction control section (31, 33, 34) performs,
based on the selected higher bottom dead center position
Hdwbf in place of the target bottom dead center position
(Hdwaf) and on the detected bottom dead center position,
the positional correction so that the actual bottom dead
center position of the slide 5 is adjusted to the selected
higher bottom dead center position Hdwbf (ST14). It is
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possible to clear the significant time delay Dyu illustrated
in FIGS. 9A and 9B.
[0090] Subsequently, when there is a request to tem-
porarily set the current position back to the target bottom
dead center position Hx (YES in ST15), the processing
returns to ST1, and when there is no such request (NO
in ST15), the processing returns to ST3.

(Second Automatic Operation)

[0091] The second automatic operation mode is se-
lected through use of the touch panel 35. The second
automatic operation is different from the first automatic
operation in that the second bottom dead center position
correction control section (31, 33, 34) is executed. Spe-
cifically, the second bottom dead center position correc-
tion control section (31, 33, 34) used in the second au-
tomatic operation controls the positional correction by
using the selected lower bottom dead center position un-
der the state in which the workpiece support unit is low-
ered from the press working position by the distance cor-
responding to the predetermined amount or more, and
controls the positional correction by using the selected
higher bottom dead center position under the state in
which the workpiece support unit is raised so as to be
returned to the press working position. Thus, as com-
pared to the first automatic operation, the second bottom
dead center position correction control section (31, 33,
34) may be configured to confirm the position based on
the die operation status signal Sdyc (lowering operation
association signal Sdw and raising operation association
signal Sup) output from the die control device 20, and
also detect the position of the workpiece support unit in
a simple manner through use of the above-mentioned
limit switch and the like. That is, there is an advantage
of higher adaptability of confirmation to the execution
condition of the bottom dead center position correction
control section.

(Manual Operation)

[0092] The manual operation mode is selected through
use of the touch panel 35. The selected bottom dead
center position setting section 35 is used to set the se-
lected bottom dead center position. The selected bottom
dead center position setting section 35 may serve as the
selected higher bottom dead center position setting sec-
tion 35 to set the higher bottom dead center position, and
may serve as the selected lower bottom dead center po-
sition setting section 35 to set the lower bottom dead
center position. In this case, the lower bottom dead center
position is restricted by the stopper block, and hence only
the higher bottom dead center position is set. The raising-
operation bottom dead center position switching section
(31, 33, 34) functions as the bottom dead center position
switching section. Specifically, when the raising opera-
tion association signal (raising operation start command
signal) Sup of the actuator is input from the die control

device 20, the raising-operation bottom dead center po-
sition switching section (31, 33, 34) switches the target
bottom dead center position Hx to the selected higher
bottom dead center position thus set. The first bottom
dead center position correction control section (31, 33,
34) performs, based on the selected higher bottom dead
center position after the switching and the detected bot-
tom dead center position (Spsa, Spsb) obtained during
the press operation, the positional correction so that the
actual bottom dead center position of the slide 5 is ad-
justed to the selected higher bottom dead center position.
Thus, it is possible to prevent the abrupt and excessive
upward fluctuation of the bottom dead center position
that occurs due to the raising operation of the actuator.
[0093] In a case where the stopper block is not provid-
ed, the selected lower bottom dead center position set-
ting section 35 is also used to set the lower bottom dead
center position, and the lowering-operation bottom dead
center position switching section (31, 33, 34) is also
caused to function. Thus, it is possible to prevent the
abrupt and excessive fluctuations of the bottom dead
center position that occur due to the lowering operation
of the actuator as well as the raising operation thereof.
[0094] As described above, according to this embodi-
ment, the selected bottom dead center position setting
section 35 and the bottom dead center position switching
section 35 are provided, and the first bottom dead center
position correction control section (31, 33, 34) is config-
ured to perform, based on the selected bottom dead cent-
er position after the switching and the detected bottom
dead center position, the positional correction so that the
actual bottom dead center position of the slide 5 is ad-
justed to the selected bottom dead center position. Thus,
it is possible to eliminate the abrupt and excessive rise
of the actual bottom dead center position that occurs
along with the lowering and raising operations of the ac-
tuator ("Dyu" of FIGS. 9A and 9B). That is, it is possible
to manufacture a high-quality product.
[0095] The second bottom dead center position cor-
rection control section (31, 33, 34) is capable of perform-
ing the positional correction based on the selected lower
bottom dead center position under the state in which the
workpiece support unit is lowered by the distance corre-
sponding to the predetermined amount or more, and per-
forming the positional correction based on the selected
higher bottom dead center position under the state in
which the workpiece support unit is raised so as to be
returned to the press working position. Thus, it is possible
to eliminate the abrupt and excessive rise of the actual
bottom dead center position that occurs along with the
raising operation of the actuator ("Dyu" of FIGS. 9A and
9B). That is, the depth of the crimping projections and
depressions may be maintained as originally intended,
and hence the crimping may be performed sufficiently.
In other words, a high-quality product may be manufac-
tured. Further, the correction control is continued also
when the actuator is lowered, and hence the bottom dead
center position may be maintained stably even without
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the stopper block.
[0096] The third bottom dead center position correction
control section (31, 33, 34) is capable of performing the
positional correction based on the selected lower bottom
dead center position when the difference (Δdw) between
the lowering-operation actually measured bottom dead
center positions in the two sequential strokes of the slide
5 is equal to or larger than the lowering-operation preset
bottom dead center position fluctuation amount (Δdsdw),
and performing the positional correction based on the
selected higher bottom dead center position when the
difference (Δup) between the raising-operation actually
measured bottom dead center positions is equal to or
larger than the raising-operation preset bottom dead
center position fluctuation amount (Δdsup). Thus, a high-
er control response speed may be obtained, with the re-
sult that a higher-quality product may be manufactured.
[0097] It is possible to reliably prevent the abrupt and
excessive rise of the actual bottom dead center position
that occurs due to the raising operation of the actuator
("Dyu" of FIGS. 9A and 9B), and therefore to maintain a
constant fitting and crimping pressure. The thin plates
are not separated from each other.
[0098] Even in the case where the stopper block is pro-
vided in the die, it is possible to prevent the significant
bounce of the slide 5 due to the considerable increase
in amount of abutment of the slide 5 against the stopper
block, the deterioration in precision of the product, and
the reduction in life of the die. The present invention is
also effective in preventing the overload on the press
machine.
[0099] Further, under the condition that the lowering
operation association signal of the actuator has been in-
put and the difference (Δdw) between the lowering-op-
eration actually measured bottom dead center positions
in the two sequential strokes of the slide 5 has become
equal to or larger than the lowering-operation preset bot-
tom dead center position fluctuation amount (Δdsdw), the
selected higher bottom dead center position setting sec-
tion (31, 33, 34) is capable of automatically setting the
lowering-operation actually measured bottom dead cent-
er position Hdwbf, which is obtained previously, as the
selected higher bottom dead center position. Thus, the
bottom dead center position at the time of the raising
operation of the actuator may be corrected to be an op-
timum bottom dead center position that is suited to the
characteristics of the press machine 1 and the manner
of the press operation.
[0100] Further, under the condition that the lowering
operation association signal of the actuator has been in-
put and the difference (Δdw) between the lowering-op-
eration actually measured bottom dead center positions
in the two sequential strokes of the slide has become
equal to or larger than the lowering-operation preset bot-
tom dead center position fluctuation amount (Δdsdw), the
selected lower bottom dead center position setting sec-
tion (31, 33, 34) is capable of automatically setting the
lowering-operation actually measured bottom dead cent-

er position Hdwaf, which is obtained subsequently, as
the selected lower bottom dead center position. Thus,
the bottom dead center position at the time of the lowering
operation of the actuator may be corrected to be an op-
timum bottom dead center position that is suited to the
characteristics of the press machine and the manner of
the press operation.
[0101] When the selected higher bottom dead center
position is set as the position lower than the target bottom
dead center position, the bottom dead center position at
the time of the raising operation of the actuator may be
corrected to be a bottom dead center position that is lower
than the target bottom dead center position and suited
to the manner of the press operation.
[0102] The embodiment described above is a mere il-
lustration for the description of the present invention.
Therefore, various changes are possible without depart-
ing from the scope of the present invention.

Claims

1. A press machine including an actuator capable of
lowering a workpiece support unit from a press work-
ing position by a distance corresponding to a prede-
termined amount or more, and raising the workpiece
support unit so as to be returned to the press working
position after ejecting a workpiece, the press ma-
chine comprising:

a bottom dead center position correction control
section, which performs, based on a preset tar-
get bottom dead center position and a detected
bottom dead center position obtained during a
press operation, positional correction so that an
actual bottom dead center position of a slide is
adjusted to the preset target bottom dead center
position;
a selected bottom dead center position setting
section, which sets a selected bottom dead cent-
er position selected as a position lower than the
preset target bottom dead center position; and
a bottom dead center position switching section,
which switches the preset target bottom dead
center position to the selected bottom dead cent-
er position in association with a raising and low-
ering operation association signal of the actua-
tor,
wherein the bottom dead center position correc-
tion control section is configured to perform,
based on the selected bottom dead center po-
sition after the switching and the detected bot-
tom dead center position, positional correction
so that the actual bottom dead center position
of the slide is adjusted to the selected bottom
dead center position.

2. A press machine including an actuator capable of
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lowering a workpiece support unit from a press work-
ing position by a distance corresponding to a prede-
termined amount or more, and raising the workpiece
support unit so as to be returned to the press working
position after ejecting a workpiece, the press ma-
chine comprising:

a bottom dead center position correction control
section, which performs, based on a preset tar-
get bottom dead center position and a detected
bottom dead center position obtained during a
press operation, positional correction so that an
actual bottom dead center position of a slide is
adjusted to the preset target bottom dead center
position;
a selected lower bottom dead center position
setting section, which sets a selected lower bot-
tom dead center position selected as a position
lower than the preset target bottom dead center
position;
a selected higher bottom dead center position
setting section, which sets a selected higher bot-
tom dead center position selected as a position
higher than the selected lower bottom dead
center position;
a lowering-operation bottom dead center posi-
tion switching section, which switches the preset
target bottom dead center position to the select-
ed lower bottom dead center position when a
lowering operation association signal of the ac-
tuator is input; and
a raising-operation bottom dead center position
switching section, which switches the preset tar-
get bottom dead center position to the selected
higher bottom dead center position when a rais-
ing operation association signal of the actuator
is input,
wherein the bottom dead center position correc-
tion control section is configured to:

under a state in which the workpiece sup-
port unit is lowered from the press working
position by the distance corresponding to
the predetermined amount or more, based
on the selected lower bottom dead center
position in place of the preset target bottom
dead center position and on the detected
bottom dead center position, perform posi-
tional correction so that the actual bottom
dead center position of the slide is adjusted
to the selected lower bottom dead center
position; and
under a state in which the workpiece sup-
port unit is raised so as to be returned to the
press working position, based on the select-
ed higher bottom dead center position in
place of the preset target bottom dead cent-
er position and on the detected bottom dead

center position, perform positional correc-
tion so that the actual bottom dead center
position of the slide is adjusted to the se-
lected higher bottom dead center position.

3. A press machine including an actuator capable of
lowering a workpiece support unit from a press work-
ing position by a distance corresponding to a prede-
termined amount or more, and raising the
workpiece support unit so as to be returned to the
press working position after ejecting a workpiece,
the press machine comprising:

a bottom dead center position correction control
section, which performs, based on a preset tar-
get bottom dead center position and a detected
bottom dead center position obtained during a
press operation, positional correction so that an
actual bottom dead center position of a slide is
adjusted to the preset target bottom dead center
position;
a selected lower bottom dead center position
setting section, which sets a selected lower bot-
tom dead center position selected as a position
lower than the preset target bottom dead center
position;
a selected higher bottom dead center position
setting section, which sets a selected higher bot-
tom dead center position selected as a position
higher than the selected lower bottom dead
center position;
a lowering-operation bottom dead center posi-
tion switching section, which switches the preset
target bottom dead center position to the select-
ed lower bottom dead center position when a
lowering operation association signal of the ac-
tuator is input; and
a raising-operation bottom dead center position
switching section, which switches the preset tar-
get bottom dead center position to the selected
higher bottom dead center position when a rais-
ing operation association signal of the actuator
is input,
wherein the bottom dead center position correc-
tion control section is configured to:

when a difference between lowering-oper-
ation actually measured bottom dead center
positions in two sequential strokes of the
slide is equal to or larger than a lowering-
operation preset bottom dead center posi-
tion fluctuation amount, based on the se-
lected lower bottom dead center position in
place of the preset target bottom dead cent-
er position and on the detected bottom dead
center position, perform positional correc-
tion so that the actual bottom dead center
position of the slide is adjusted to the se-
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lected lower bottom dead center position;
and
when a difference between raising-opera-
tion actually measured bottom dead center
positions in two sequential strokes of the
slide is equal to or larger than a raising-op-
eration preset bottom dead center position
fluctuation amount, based on the selected
higher bottom dead center position in place
of the preset target bottom dead center po-
sition and on the detected bottom dead
center position, perform positional correc-
tion so that the actual bottom dead center
position of the slide is adjusted to the se-
lected higher bottom dead center position.

4. A press machine according to claim 2 or 3, wherein,
under a condition that the lowering operation asso-
ciation signal of the actuator has been input and the
difference between the lowering-operation actually
measured bottom dead center positions in the two
sequential strokes of the slide has become equal to
or larger than the lowering-operation preset bottom
dead center position fluctuation amount, the select-
ed higher bottom dead center position setting section
is capable of automatically setting one of the lower-
ing-operation actually measured bottom dead center
positions, which is obtained previously, as the se-
lected higher bottom dead center position.

5. A press machine according to claim 2 or 3, wherein,
under a condition that the lowering operation asso-
ciation signal of the actuator has been input and the
difference between the lowering-operation actually
measured bottom dead center positions in the two
sequential strokes of the slide has become equal to
or larger than the lowering-operation preset bottom
dead center position fluctuation amount, the select-
ed lower bottom dead center position setting section
is capable of automatically setting one of the lower-
ing-operation actually measured bottom dead center
positions, which is obtained subsequently, as the se-
lected lower bottom dead center position.

6. A press machine according to claim 2 or 3, wherein
the selected higher bottom dead center position
comprises a position lower than the preset target bot-
tom dead center position.
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