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DESCRIPTION
HYDRAULIC DRIVEN TOOL CONTROLLING APPARATUS

Technical Field
The present invention relates to a hydraulic driven tool
controlling apparatus and particularly, a controlling apparatus for
controlling the action of a hydraulic driven tdol such as a puncher for_
punching out desired sizes of holes in a sheet workpiece of e.g. stainless

steel. .

Background Art

One of such hydraulic driven punchers is a reciprocal,
automatic-return type puncher. An example of the reciprocal,
automatic-return puncher is schématically llustrated in Fig.7.

As shown, there is a punch 32 attached to the lower end of a

ram 31.  An upper limit switch 33 and a lower limit switch 34 are

. provided on both sides of the upper part ofthe ram31. A hydraulic

pump 36 is arranged for delhfering a flow of hydraulic oil via a directional
control (solenoid operated) vaive 37 (abbreviated to directional value 37
hereinafter) to a cylinder 35. This allows the ram 31 to move upward
and downward in reciprocal acti_on. _ A controller 41 is provided
responsive to command signals from a start (downward operation) switch
42 and an upward operation éwitéh 43 and detection signals from the
upper 33 and the lower limit switch 34 for controlling the éctions of the

hydraulic pump 36 and the directional valve 37.
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It is now assumed that the ram 31 stays at the upper end of its
movement and the upper 33 and the lower limit switch 34 remain pressed
down_ with its contacts closed. When the start switch 42 is turned on, an
upper chamber 35a of the cylinder 35 is loaded with the hydraulic oil while
a lower chamber 35b is exhausted. As the ram 31 starts moving |
downward, the contact of the upper limit switch 33 is opened. When the
ram 31 ;rrives at the lower limit of its movement, the contact of the lower
limit switch 34 is opened ahd the arrival of the ram 31 at the IoWer end is
detected. The opening of the contact of the lower limit switch 34 causes
the controller 41 to shift the'directional valve 37 for filling the lower
chamber 35b of the cylinder 35 with the hyd_raulic oil and exhausting the
upper chamber 35a.  This allows the ram 31 to automatically move
upward. As the ram 31 starts moving upward, the contact of the lower
limit switch 34 is closed. Upoﬁ 'the ram 31 arriving at the upper end of
its movement, the contact of the upper limit switch 33. is closed.
Simultaneously, the controller 41 detects the arrival of the ram 31 at the
upper limit and stops the action of the hydraulic pump 36. In this
manner, an automatic return movement of the puncher is implemented.

However, said hrior art has a problem that if the start switch 42
is maintained turned on, the ram 31 may automatically start again aftef its
cycle movement. If the start switch 42 is' turned on with the ram 31
staying off the upper limit of its movement, the ram 31 may move
undesirably.

In common, the directional valve 37 comprises two, first and
second, solenoids 37a and 37b, two pushrods 37c and 37d made of e.g.

stainless steel, and a directional chamber 37e, as shown in Fig.8. The
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directional chamber 37e has a spool 37f provided in its tubular oil
passage for movement leftward and rightward in response to the
magnetization of the first 37a and the second solenoid 37b. It is known
for shifting the valve 37 upon the ram 31 arriving at the lower limit to
demagnetize one 37a (or 37b) of the two solenoids and magnetize the
other 37b (or 37a) at once. This however causes a remaining magnetic
force of the demagnetized solenoid to activate both the left 37¢ and the
right pushrod 37d for a brief moment thus driving the spool 37f from both
sides. As the result, either the pushrod 37c or 37d may be deformed
and the operating life of the directional valve 37 may be decreased.

Also, the contact of the lower limit switch 34 remains closed
before the ram 31 arrives at the lower limit during the punching action. It
is opened only when the punching action hés been finished and then. the
ram 31 arrives at the lower limit. The punching in a hard material such
as a stainless sheet often produces a great force of impact causing
chattering or malfunction of the contact of the lower limit switch 34. If

worse, the contact of the lower limit switch 34 may physically be

disconnected.

Disclosure of the Invention |

It is an object of the present inventioh o provide a hydraulic
driven tool controlling apparatus which is arranged not to restart when a
start switch remains pressed down while eliminating the foregoing
drawbacks of a prior art. It is another object of the present invention to
provide a hydraulic driven tool controlling apparatus including a directional

valve which has a long operating life and of which pushrods are prévented



Wi

10

15

20

25

-4 -

from deformation. It is a further object of the present invention to provide
a hydraulic driven tool controlling apparatus which is not malfunctioned
even if a great force of impact produced by punching action causes the
contact of a lower limit switch to open for a moment. |

For achievement of the primary object, a first feature of the
present invention is embodied in the form of a hydraulic driven tool
controlling apparatus for driving upward and downward movements of a
ram in a cylinder with the use of hydraulic power which comprises: a start
switch means for starting up the downward movement of the ram; a

turn-on detection signal output means responsive to the turning on of the

~ start switch means for delivering a turn-on detection signal to allow one

cycle of the downward movement of the ram; and a directional valve
controlling means responsive to the turn-on detection signal from the
turn-on detection signal output means for shifting a flow of hydraulic oil
which acts on the ram for Carrying out the downward movemenf.

A second feature of the present invention is embodied in a
combination comprising: a lower limit detecting means for detecting the
lower limit of a movément of the ram; a directional valve controlling means
responsive to a detection signal from the lower limit detecting meéns for
shifting a flow of hydraulic oil which acts on the ram from the downward
movement to the upward movement; and a pause period generating
means for providing a pause period of a predetermined length in a
switching action between the downward_movement and the upward
movement.

A third feature of the present invention is also embodied in a

combination comprising: a lower limit detecting means for detecting the
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lower limit of a movement of the ram; a directional valve controlling means
responsive to a detection sfgnal from the lower limit detecting means for
shifting a flow of 'hydraulic oil which acts on the ram from the downward
movement to the upward movement; and a fault action preventing means
for absorbing chattering of the lower limit detecting means caused by
vibration of the ram thus to prevent the directional valve controlling means
from producing a fault derived from the chattering.

According to the first feature of the present invention, one
turn-on detection signal is released upon every turn-on action of the start
switch means. As the turn-on detection signal is not released even if the
turn-on action of the start switch means is contihued, unwanted restart of
the apparatus will be prevented. | |

The second feature of the present invention provides the pause
period in the switching action of the directional valve between the
downward movement and the upward movement.  This allows either
solenoid in the directional valve controlling means to be demagnetized
during the pause period so that two pushrods of their respective solenoids
are prevented from unwillingly urging the directional valve from both sides.
Hence, the pushrods will be prevented from deformation and the
operational life of the diréctional valve mechanism will be increased.

| According to the third feature of the present invention, the
chattering of the lower limit detecting means caused by .vibration of the
ram during making a punch hole in a workpiece' will successfully be
eliminated hence avoiding a fault action of the directional valve controlling
means which may permit the ram to adversely move upward before it

arrives at the lower limit.
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Brief Description of Drawings

Fig.1 is a circuitry diagram showing oﬁé embodiment of the
present invention; Fig.2 is a timing chart showing signals involved in a
primary part of the circuit shown in Fig.1; Fig.3 is a circuitry diagram of a
drive circuit for directional valve solenoids and a motor; Fig.4 is a circuitry

diagram of a self-hold circuit; Fig.5 is a timing chart showing actions when

_ the upward movement switch is turned on during the downward

movement of a ram; Fig.6 is a timing chart showing actions when
something unusual occurs; Fig.7 is a schematic block diagram of a
conventional hydraulic driven tool controlling apparatus; and Fig.8 is a

schematic view showing a hydraulic directional valve mechanism.

Best Mode for Carrying Out the Invention

The present invention will be described in more detail referring to
the accompanying drawings. Fig.1 is a circuitry diagram of a hydraulic |
driven tool controlling apparatus according to one embodiment of the
present invention. A mechanism of a hydraulic driven tool including a
ram, a punch, and two, upper and Iowér, limit switches is identical to that
shown in Fig.7 and will be éxplained in no more detail.

As shown in Fig.1, there are provided an auto/manual selector
switch 1 for switching between auto and manual modes of the hydraulic
driven tool, an upper Iim'it switch 2 (abbreviated to upber LS 2 hereinafter),

a start (or downward movement), swiich 3 (abbreviated to start SW 3), a

~ Jower limit switch 4 (abbreviated to lower LS 4), and an upward movement

switch 5 (abbreviated to upward SW 5). One of two contacts of each
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switch is loaded with a source voltage (for example, 5 volts) and the other
is grounded via a resistor.
| The auto/manual selector switch 1 is connected at the auto
mode for automatic action of the hydraulic driven tool and at the manual
mode for manual action of the same. The contact of the upper LS 2
remains closed when the ram is at the upper limit of its movement and
open when it is off the upper limit. The start SW 3 is normally opened
and when pressed, turns to close. The contact of the lower LS 4
remains closed when the ram is off the lower limit and opens only when it
is at the lower limit. The upward SW 5 is normally positione.d as denoted
by the real line and when pressed for upward movement of the ram, is
shifted to a position 5a denoted by the dotted line. |

The operation of the hydraulic driven tool controlling apparatus of
the embodiment will be explained in conjunction with Fig.2 which is a
timing chart of signals involved in a primary part of the apparatus.

First, explained is the operation with the automatic mode of the
hydraulic driven tool. As the auto/manual selector switch 1 is connected

at the auto mode, the signal to input'terminals of two AND circuits 11 and

12 is at H (high) level and the signal to input terminals of two AND circuits

13 and 14 is at L (low) level. The contact of the upper LS 2 is closed
with the ram remaining at the upper limit and allows H level of a signal
denoted at a to pass.

When the start SW 3 is pressed down and turned on at a time
t1, it delivers a pulse signal b to a one-shot multivibrator circuit 15 as
shown in Fig.2. The one-shot multivibrator circuit 15 triggered by the

pulse signal b produces a pulse output ¢ which has a given pulse width.
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The output signal ¢ is then transmitted to a self-hold circuit 16 which in
turn delivers an H level output. The output signal d of the self-hold
circuit 16 is maintained at the H level until the self-hold circuit 16 is loaded
with a reset signal. An arrangement of the self-hold circuit 16 will be
described later in more detail referring to Fig.4.

When the output signal d of the seif-hold circuit 16 is turned toH
Ie\)el, the AND circuit 11 releases an H level output hence turning on a
transistor 17. Accordingly, a downward movement relay R1 is enabled.

The enabling of the relay R1 is maintained so long as the output signal
d of the self-hold circuit 16 is at the H level. Upon the downward
movement relay R1 being enabled, the ram is lifted down by means of
hydraulic power as will be described later in more detail in conjunction
with Fig.3.

As the ram is moved downward, it punches out a workpiece.
When the ram arrives at the lower limit of ifs movement at a time {2, the
contact of the lower LS 4 is opened thus shifting its signal e to L level.
This enables a one-shot multivibrator circuit 18 to produce and transmit a
pulse signal f of a given width to one of two inputs of a NOR circuit 20.
The NOR circuit 20 has the other input loaded with the signal e of L level
and in response to the decay of the output signal f of the one-shot
multivibrator circuit 18, releases an H level output g. A self-hold circuit
2_1 is enabled by the output signal g of H level and releases an H level
output h.

The output.h is transmitted to the self-hold circuit 16 which in

turn is reset and to a delay circuit 22 which gives a delay time of T1. An

output i of the delay circuit 22 is fed to the AND circuit 12.  As the other
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input of the AND circuit 12 is loaded with the H level signal, the output
signal i is passed to the base of a transistor 23 which is then turned on.

This enables an upward movement relay R2 to switch the directional valve

- for upward movement of the ram.  As the ram starts moving upward, the

contact of the lower LS 4 is closed hence shifting its output signal e to H
level as shown. In response to the H level signal e, the output g of the
NOR circuit 20 is turned to L levél.

When the ram travels upward and arrives at the upper limit at a
time t4, the contact of the upper LS 2 is closed allowing the self-hold
circuit 21 to receive the reset signal a. As the self-hold circuit 21 has
been reset, the upward movement relay R2 is disabled tﬁus ceasing the
movement of the ram.

Meanwhile, the delay circuit 19 has a delay time of T2 which is

“longer than the duration (from t2 to t3) of opening the contact of the lower

LS 4. This allows an AND circuit 24 to constantly release an output k of
L level, not triggering the resetting action of the self-hold circuits 16.and
21. | |
Referring to Fig.3, the relation between the downward and

upward movement relays R1, R2 and the first and second solenoids 37a
and 37b shown in Fig.8 will be explained in conjunction WIth the action of
a hydraulic pump. When the doanard movement relay R1 is enabled,
the first solenoid 37a and a motor relay 38 shown in Fig.3 are turned on.

The first solenoid 37a then drives its pushrod to shift the directional

valve for lowering the ram. When the motor relay 38 is turned on, a

- motor 39 is energized and starts rotating. On the other hand, when the

upward movement relay R2 is enabled, both the second solenoid 37b and
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the motor relay 38 are turned on. Accordingly, the directional valve is
driven by the pushrod of the second solenoid 37b for lifting up the ram.
Simuitaneously, the motor 39 is energized and starts rotating. A
controlled voltage generator 40 generates, for example, a 5 volt voltage;

An example of the self-hold circuit 16 or 21 will be explained
referring to Fig.4. The self-hold circuit 16 comprises an OR circuit 16a,' a
NAND circuit 16b, a NOR circuit 16¢, capacitors 16d and 16e, a resistor
16f, and switching means 16g énd 16h which are connected in a
combination as shown. It is assumed that when the switching means
16g and 16h are loaded with the reset signals, they select 0 voit and V1
volt respectively. _

When the self-hold circuit 16 receives the signal ¢ of H level, its
OR circuit 16a delivers an H level output, its NAND circuit 16b releases.
an L level output and its NOR circuit 16¢ delivers an H level output thus
allowing the capacitor 16e to be charged. This feeds an H level signal to
the other input of the OR circuit 16a. Thus, the output of the NOR circuit
16¢ is maintained at H level when the signal ¢ is turned to L level.

When the switching means 169 is loaded with the reset signal, it

~ selects 0 volt. Accordingly, the dutputs of the NAND circuit 16b and the

NOR circuit 16¢ are shifted to H level and L level respectively causing the
resetting of the self-hold circuit.16. When the switching means 16h is
loaded with the reset signal, it selects V1 volt. Accordingly, the output of
the NOR circuit 16¢ is shifted to L level causing the resetting of the
self-hold circuit 16. |

As understood from the above description, the embodiment of

the present invention allows the ram to move downward for punching a
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workpiece when the start switch 3 shown in Fig.1 is switched on, and
automatically move upward and stop at the upper limit of its movement.
Even if the start switch 3 is kept switched on, the ram will not travel again
after it returns to the upper limit.  This action is guaranteed by the
one-shot multivibrator circuit 15 which is connected to the start switch 3
and enabled only by a short rise signal produced when the start switch 3
is switched on and remains disébled when the start switch 3 is kept
closed. |

In case that hard impact caused by the ram punching out a
workpiece during downward movement triggers unwanted opening or -
chattering of the contact of the lower LS 4, the signal e is instantly
dropped to L .Ievel (denoted at e’) as represented by the dotted line in
Fig.2 causing the one-shot multivibrator circuit 18 to release a pulse signal

f' of agiven width. At the time, the output of the NOR circuit 20

remains intact. This allows the self-hold circuit 21 not to change its

output h to H level thus preventing the ram from being affected by the
impact of punching action and étarting upward movement before it arrives
at the lower limit. _ |

Also, the delay circuit 22 is provided for delaying the action of
the upward relay R2 after the ram arrives at the lower limit and the lower
LS 4 is opened. In other words, the duration T1 for disabling the two
relays R1 and R2 is inserted between the turning off of the downward
movement relay R1 upon the ram arriving at the lower limit and the
turning on of the upward movement relay R2. This permits the first
solenoid 37a shown in Fig.3 to be clearly demagnetized in the duration T1.

and protect its pushrod from being excessively stressed to deformation.
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The operation when the upward SW5 is interruptedly shifted to
the dotted line denoted position, shown in Fig.1, during the downward
movement of the ram will now be explained referring to Fig.5. As shown
in Fig.5, the duration from t1 where the start SW3 is switched on to t5
where the upward SW 5 is pressed interruptedly is similar to that shown in
Fig.2 and will be explained in no more detail.

When the upward SW 5 is switched on at t5-, the NOR circuit 20
shifts its output g to H Iével in response to the decay of the output f of the
one-shot multivibrator circuit 18.  This changes the output h of the
self-hold circuit 21 to H level after a specific length of time (for example,
when the capacitors 16d and 16e have been charged up). The output h
is the reset signal for the self-hold circuit 16. The output d of the
self-hold circuit 16 is thus shifted to L level disabling the transistor 17 to
stop the downward movement of the ram.  Also, the outpUt signal h is
fed to the delay circuit 22 where it is delayed by T1 and transmitted as the
signal i to one of the two inputs of the AND circuit 12.  This thrns on the
transistor 23 to enable the _upward movement relay R2. | As the result,
the ram starts moving upward.  According to the embodiment, whenever
the upward SW 5 is _pressed during the downward movement of the ram,
the ram stops its downward movement and after T1, starts moving
upwérd. During the length of T1, the remaining magnetism in the first
solenoid 37a best shown in Fig.3 is eliminated hence preventing its
pushrod from being stressed and deformed. Itis c|eaﬂy understood from
the above description that the ram remains not starting when the upward
SW 5 is continuously pressed down.

The operation when line disconnection in the lower LS 4 is
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caused by vibration of the ram, i.e. something unusual occurs, will be
explained referring to the timing chart of Fig.6. It is assumed that
disconnection of a line in the lower LS 4 occurs at t6 shown in Fig.6, the
output e of the lower LS 4 is turned from H level to L level and remains at
L level. The delay circuit 19 in response to L level of the output e shifts
its output j to H level after T2 and maintains its level.  This causes the
output k of the AND circuit 24 to change to H level resetting the self-hold
circuits 16 and 21.  Accordingly, the lower R1 and the upper movement
relay R2 are disabled hence indicating that something unusual occurs.

For manual operation of the hydraulic driven tool controlling
apparatus of the embodiment, the auto/manual selector switch 1 shown in
Fig.1 is turned to the manual position.  This energizes one group of the
AND circuits 13, 14 and deenergizes the other group of the AND
circuit 11 and 12.  As long as the start SW 3 is depressed, the transistor
25 remains turned on for aIIowin_g the ram to move downward until it
arrives at the lower limit. The downward movement of the ram is
stopped when the contact of the lower LS 4 obens. If the upward SW5
is continuously préssed, the transistor 26 remains turned on for allowing
the upward movement of the rém. When it is det_ected by the upper LS
2 that the ram arrives at the upper limit, the upward movement of the ram
stops. |

It would be understood that the prescribed embodiment of the
present invention is illustrative but not of limitation and various éhanges
and modifications are possible without departing from the scope of the

present invention.
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Industrial Applicability
As set forth above, the present invention allows a turn-on

detecting signal output means to deliver a turn-on detection signal in

" response to every turn-on action of a start switch means and even if the

turn-on action is continued, release no more detection signal.
Accordingly, unwanted restart of a hydraulic driven tool will be prevented
when the start switch means remains turned on ad\)ersely.

Also, the present invention provides a pause period in the
switching action of a directional valve between the downward movement
and the upward movement for allowing a directional valve controlling
means to eliminate the remaining magnetism in either solenoid of the
directional valve during the pause period. | This will prevent two pushrods
of their respective solenoids from urging against each other due to the
remaining magnetism at one side and the magnetizing action at the other
side, contributing to the fault preventative feature of the directional valve.

Furthermore, the pfesent invention permits the directional valve
controlling means to be protected from chattering of a lower limit detecting
means, which detects the arrival.of a ram at the lower limit, caused by the
ram producing a great' force of impact-when punching out a V\.lorkpiece,

whereby malfunction of the hydraulic driven tool will be avoided.
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CLAIMS

1. A hydraulic driven tool controlliné apparatus for driving
upward and downward movements of a ram in a cylinder with the use of
hydraulic power, comprising:

a start switch means for starting up the downward movement of
the ram;

a turn-on detection signal output means responsive to the turning
on of the start switch meéns for delivering a turn-on detection signal to
allow one cycle of thé downward movement of the ram; and

a directional valve controlling means responsive to the turn-on
detection signal from the turn-on detection signal output means for shifting
a flow of hydraulic oil which acts on the ram for carrying out the
downward fnovement, wherein one cycle of the downward movement of

the ram is conducted upon every turn-on action of the start switch means.

2. A hydraulic driven tool controlling apparatus according to
claim 1, wherein the turn-on detection signal output means comprises a
means for releasing a pulse of a given width in response to the tufning on

of the start switch meané. '

3. A hydraulic driven tool controlling apparatus for driving
upward and downward movements of a ram in a cylinder with the use of

hydraulic power, comprising:
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a lower limit detecting means for detecting the lower limit of a
movement of the ram;

a directional valve controlling means responsive to a detection
signal from the lower limit detecting means for shifting a flow of hydraulic
oil which acts on the ram from the downward movement to the upward
movement; and

a pause period generating means for providing a pause period of
a predetermined length in a switching action between the downward

movement and the upward movement.

4. A hydraulic driven tool controlling apparatus according to
claim 3, wh_erein the directional valve controlling means includes two, first
and second, solenoids and two, first and second, pushrods driven by the
first and second solenoids respectively and located on both sides of a
directional valve so that the flow of hydraulic oil acting on the ram can be |
shifted from the downward movement to the upward movement by driving

the pushrods to switch the directional valve from left to right or vice versa.

5. A hydraulic driven tool controlling apparatus for driving
upward and downward movemehts of a ram in a cylinder with the use of
hydraulic power, comprising: |

a lower limit detecting means for detecting the lower limit of a

movement of the ram;
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a directional valve controlling means responsive to a detection
signal from the lower limit detecting means for shifting a flow of hydraulic
oil which acts on the ram from the downward movement to the upward
movement; and

a fault action preventing means for absorbing chattering of the
lower limit detecting means caused by vibration of the ram thus to prevent
the directional valve controlling means from producing a fault derived from

the chattering.

6. A hydraulic driven tool controlling apparatus according to
claim 5, wherein the fault action preventing means for preventing a fault
action of the direcfional valve controlling méans derived from the
chattering comprises a logical product means which receives the detection

signal from the lower limit detecting means with a time delay of a given

length.

7. A hydraulic driven tool controlling apparatus for driving
upward and downward movements of a ram in a cylinder with the use of
hydraulic power, comprising: |

a turn-on detection signal output means for when a start switch
means is turned on for starting up the downward movement of the ram,
delivering a turn-on detection signal to allow one cycle of the downward

movement of the ram;
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a lower limit detecting means for detecting the lower limit of a

' movement of the ram;

a directional valve controlling means responsive to the turm-on
detection signal from the turn-on detection signal output means for shifting
a flow of hydraulic oil which acts on the ram for carrying out the
downward movement, and responsive to a detection signal from the lower
limit detecting means for shifting the flow of hydraulic oil from the
downward movement to the upward movement; and

a pause period generating means for providing a pause period of
a predetermined length in a switching action between the downward

movement and the upward movement.

8. A hydraulic driven tool controlling apparatus according to
claim 7, further comprising a fault action preventing means for absorbing
chattering of the lower limit detecting means caused by rribration of the
ram thus to prevent the directional va'lve.contro'lling means from producing

a fault derived from the chattering.



